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FEW-NUCLEON BINDING ENERGY CORRELATIONS 
H. KrBger* . 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

and 
R. Perne 

Im Harperoth 11 
D-5330 KBnigswInter 41, West Germany 

The effect of strongly linear few-nucleon binding energy correlations 
under variation of the potential originally established by Tjon 1) in the four-
nucleon case has been previously found by the authors2' also in the three-
nucleon case. A linear correlation ET = const'E<j was found under variation of 
the potential coupling parameter starting either from nearly energy-dependent 
three-body form factors or from the range condition; i.e., the assumption of 
a long range of the potential compared with the range of the free propagator 
at E = E,j which holds for realistic choices of parameters. Here we want to 
give the extensions: 

i) The range condition causes weakly energy-dependent three-body form 
factors thus unifying our two approaches. , i 

11) In zero-order the range ratio y was set 0 yielding |E-p | =jpr |E d| with a = const In the order of magnitude 1. Taking into account a first-order 
correction 0 j* Y « 1, one finds 

|EJ/E°| = Y/2a« 1. 
That means the greater the range of the potential, the smaller is E-p the 
deviation from the zero-order result. This is confirmed by the comparison of 
separable Gauss and Yamaguchl two-body potentials. The Gauss form factor has 
an effective range 0 G a u s s determined from the falloff behavior in the region 
|?| < JG^ and fulfills B G a u s s > B y ^ ^ - Thus E } G a u s s < E^Yamaguchl 
which can be read off the d-t and t-ot case ). 

111) Our former results derived for separable rank one two-body potentials 
V can be generalized to any V(3' ,q*) which varies little in the region 
Ifl' |t|q| < »^]Id]" and falls off smoothly. 

.NATO Fellow from Justus-Lleblg-Unlversitat, Giessen, West Germany. 
Research sponsored by the Division of Basic Energy Sciences, U.S. Department 
Of Energy, under contract M-7405-eng-26 with the Union Carbide Corporation. 
1. J. A. Tjon, Phys. Lett. 56B (1975) 217 
2. R. Perne and H. Kroger, Pliys. Rev. C20 (1979) 340 
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EFIMOV PATHOLOGY IN CLUSTER MODELS 
H. KrSger* 

Oak Ridge National Laboratory+ 
Oak Ridge, Tennessee 37830 

and 
R. Perne 

Ira Harperoth 11 
D-5330 Konigswinter 41, West Germany 

Some time ago, Efimov1) discovered that if the pair interaction becomes 
sufficiently resonant, the number of bound states of a three-particle system 
increases without limit. As an application of the effect, the existence of 
the level in 1 Z C with excitation energy 7.65 HeV could be understood at least 
qualitatively in terms of a three-particle system with resonant pair inter
action of the a particles in the s-state (the resonance is the ground state 
of eBe). In recent attempts2' the possibility has been investigated to de
scribe the vibration-rotation structure of molecular spectroscopy using 
Efimov's effect in the special limiting case with two heavy and one light 
particle. But all these considerations had been restricted to three-body 
systems, because in the general integral equations approach to few-body 
problems, there is no such pathology for n >. 4, as emphasized by Amado and 
Greenwood3'. In contrast to these investigations, we apr^ied to the full 
four-boson integral equations a twofold separable approximation and arrived 
at effective two-body equations by introducing suitable unitary pole approxi
mations1*) which, in particular, take into account two-body and three-body . 
bound-state clusters by incorporating their wave functions. We have shown5' 
that with the help of a carefully chosen position space cutoff parameter r 0, which enables us to vary the range of the effective potential in the three-
particle subsystem, the number of four-body bound levels in the 0 + state goes 
with N = k-Jm(ea) and 2/3ir <. k <. 1/3, when r 0 decreases to a particular value r E for which the scattering length a of the two-body system and a third particle tends to infinity (e Is a momentum cutoff). Furthermore, there are 
indications that this effect survives for n > 4 if the complexity of the n-
body equations is reduced by successive separable approximations of the sub
system amplitudes. So we are optimistic that also in a four-body bound-st»t» 
cluster model the cutoff parameter-induced appearance of a family of 0 + 

levels will turn out to be an appropriate tool in the analysis of empirical 
data, especially of nuclear reactions. 

NATO Fellow from Justus-Liebig-Unlversitat, Giessen, West Germany. 
Research sponsored by the Division ot Basic Energy Sciences, U.S. Department 
of Energy, under contract W-7405-eng-26 with the Union Carbide Corporation. 
1. V. Efimov, Yad. Fiz. 1£ (1970) 1080; [Sov. J. Nucl. Phys. 1£ (1971) 569] 
2. A. G. Fonseca and P. E. Shanley, Ann. Phys. 117 (1979) 268 
3. R. D. Amado and F. C. Greenwood, Phys. Rev. D7~(1973) 2517 
4. R. Perne and W. Sandhas, Phys. Rev. Lett. 3jT{1977) 788 
5. H. KrHger and R. Perne, Phys. Rev. C, in press 
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CORE POLARIZATION FOR ^.-FORBIDDEN Ml TRANSITIONS IN LIGHT NUCLEI 

W. A n d r e j t s c h e f f * and L. Zamick 
Nuclear P h y s i c s Laboratory^ , R u t g e r s U n i v e r s i t y 

New Brunswick , New J e r s e y , 0 8 9 0 3 , USA 
and 

N. Z. Marupov, K. M. Huminov and T. M. Huminov 
J o i n t I n s t i t u t e o f Nuc lear R e s e a r c h , Dubna, USSR 

The study of Ml t r a n s i t i o n s between s h e l l model s t a t e s w i t h 
Al = 2 i n h e a v i e r mass r e g i o n s *-) r e v e a l s a pronounced d e p e n 
dence on s h e l l e f f e c t s w i t h a s t r a n g e b e h a v i o u r i n the v i c i n i t y 
o f 2 0 " p b . Now, f i r s t r e s u l t s from a s y s t e m a t i c s in l i g h t 
n u c l e i are p r e s e n t e d . 

Approaching n u c l e o n numbers Z, N = 20 a d e c r e a s e o f t h e 
B(M1) v a l u e s i s e x p e c t e d s i n c e the p r o b a b i l i t y for f i r s t - o r d e r 
c o r e p o l a r i z a t i o n 
d e c r e a s e s approach
i n g a L S - c l o s e d 
s h e l l . However, 
t h e B(M1) s t r e n g t h 
i n " K (one proton 
h o l e i n the Ca 
c o r e ) , where f i r s t 
o r d e r core p o l a r i 
z a t i o n i s e x a c t l y 
f o r b i d d e n appears 
s u r p r i s i n g l y h i g h , 
very s i m i l a r l y t o 
t h a t i n 2 ° 7 T 1 (one 
p r o t o n h o l e i n the 
208pb c o r e ) . Ob
v i o u s l y , f u r t h e r 
s t u d i e s i n terms 
o f c o r e p o l a r i z a 
t i o n and p i o n e x -

io- -

=?. icr : 

C-forbidden Ml 

o • B(M1) tor cacti nucleus 
• average B(MI ) tor nuclei 

w in the some neutron 
number N 

Ma 
L. 

At 
I 

a 
i 

° . B ( M 1 ) fee each nxleus \ 
• Overage BtMl] tor 

nuclei wrthltie some 
proton number Z 

II 13 15 17 19 21 
PROTON NUMBER Z 

13 15 17 6 21' 
NEUTRON NUMBER N 

change are n e c e s s a r y t o u n d e r s t a n d t h i s s y s t e m a t i c s . A l s o , new 
e x p e r i m e n t s ( e . g . i n t h e u n c l a r i f i e d c a s e o f 4^K) would be o f 
i n t e r e s t . 

T r a n s i t i o n s i n m i r r o r n u c l e i turn out t o have w i t h i n t h e 
e x p e r i m e n t a l e r r o r s t h e same B(M1) s t r e n g t h ( 2 5 A 1 and 2 5 M g , 
2 9 r 33, 33 P and * 3 S i , CI and Sf i n the f i g u r e t h e c o r r e s p o n d i n g 
p o i n t s are c o n n e c t e d ) . T h i s f a c t might appear unusual as the 
odd p r o t o n i s e x p e c t e d t o p o l a r i z e the c o r e i n a d i f f e r e n t way 
than t h e odd neutron d o e s . Q u a n t i t a t i v e c o n s i d e r a t i o n s u s i n g a 
6 - f o r c e show, however , t h a t t h i s b e h a v i o u r can be n i c e l y u n d e r 
s t o o d by the predominant i s o v e c t o r Ml p o l a r i z a t i o n n e g l e c t i n g 
t h e much weaker i s o s c a l a r e x c i t a t i o n . 

On l e a v e from I n s t i t u t e o f Nuc lear R e s e a r c h , 1113 S o f i a , B u l -

?a r i a . 
Supported in p a r t by t h e N a t i o n a l S c i e n c e F o u n d a t i o n . 

l . W . A n d r e j t s c h e f f e t a l . , 2 f K - 3 8 2 ( 1 9 7 9 ) 1 8 8 and Proc . I n t e r n . 
Symp. on N u c l e i Ear from S t a b i l i t y , N a s h v i l l e 1979 , N o r t h - H e l l . 
(1980) 
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REGULARITIES IN THE CHAR&E DEPENDENCE OF NUCLEAR FORCES 
I. Rotter 

Zentrallnstitut fttr Kernforschung Rossendorf, 
DDR - 8051 Dresden, &DR 

Coulomb effects In nuclei are believed to offer the possi
bility of separating the known Coulomb interaction from the 
ambiguities of the nuclear wavefunctions and thus to enable us 
to extract specifio information regarding the nuclear wavefunc
tion1). Considerable attention has been devoted therefore to 
the interpretation of charge dependent effeots in nuclei. 

Seme charge dependence of nuclear forces arises from meson 
exchange foroes. In heavier nuolei, an additional source of 
charge dependence exists. This part Is connected with a mecha
nism which reflects general properties of the nuolear struc
ture2? 3). Qualitatively,- it oan he explained*) by the effeotlve 
charge dependence of nuclear foroes which arises from the 
coupling of the discrete states to the continuum. This ef
fective charge dependence leads to a charge dependent energy 
shift not only of decaying states but also of bound states. 
Furthermore, it determines the widths of isospin forbidden 
deoays. 

The numerical calculations on the basis of the continuum 
shell model') have shown4) that the charge-dependent effects 
in nuclei depend very sensitively on the channels and the 
position of their thresholds. Shell effects in the charge 
dependence appear via the distinguished parentage structure of 
the ground state of the nuclei just beyond the shell closures 
relative to the energetical lowest channel. The odd-even effeot 
in the Coulomb displacement energy as well as the fact that the 
neutron decays of the lowest T = 3/2 levels of the A = 4n+1 
light nuclei are always faster than the analogous proton deoays 
are shown to he connected with the A = 4 regularities In the 
binding energy. 
1. J.W. Negele, Proc. Int. Conf. Nucl. Structure and Spectro

scopy, Amsterdam, vol. 2 (1974) 618 
2. D. Nir, Canad. Journ. of Phys. 52 (1974) 2132 
3. P.G. Ikoasi et al., Nuol. Phya.~3*19 (1979) 109 
4. I. Rotter et al., J. Phys. &5 (1375") 75; &5 (1979) 747; 

G6 (1980) 185 
5. H.W. Bars et al., Nucl. Phys. A275 (1977) 111 
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SINGLE PARTICLE SPIN-ORBIT SPLITTING (I) 
—Two-Body Force Contribution— 

_* K. Ando and H. Bando 

* Department of Physics, Kyoto University, Kyoto, Japan 606 
Division of Mathematical Physics, Fukui University, Fukui, Japan 910 

The single-particle (sp) spin-orbit (so) splitting / W i n 0 and Ca is evaluated microscopically within the framework of the effective interaction theory along with the double-partitioning approach. Basic ingredients of the mass operator M(a; e ) are shown by the leading diagrams 

H f « - ; 0 « r~0 frtyt) * \® *)&($), 
CA) te> <c) ">* CD) 

To. + H €<>• i e ) « e CSC) 
In the Brueckner sp energy (A), the 2-body LS part of the G-matrix contributes 
to Zl . (B) is essential ly the low-lying counterpart of (A). (C) and (D) 
are the starting-energy- and Pauli-rearrangement contr ibut ion, respectively. 
(D) increases 2 s o , while (bj and (C) reduce i t . Self-consistency (SC) 
requirement give! another reduction of A . Negative contributions (B), (C) 
and (SC) to A 0 cancel out the positive Contribution (D), giving the net A 
even.smaller than that from 
(A).* 

In view of the importance 
and peculiar Antisym. LS nature 
of the Pauli-rearrangement 
(D)=M„(a; e ), we restudy i t by 
taking an intermediate par t ic le 
spectrum more appropriate than 
the QTQ spectrum adopted 
previously. We take Green's 
operator Q/(Q(T+U)Q) 
(u= £4 + e t - *), where Q . _ . . . 
excludes occupied HO sp states HO size parameters b=1.76fm ( "0) and and U is taken to be a non-local b=1.94fm ( wCa). Numbers in () are for the sp potential constructed from simple HO Nh intermediate particle spectrum, the G-0 force.*' Taking 
essentially all intermediate particle states and using the G-matrix for the Reid-SC potential, we obtain the results in the table. The 4 s < r obtained by solving the SC-equation are listed in the table below. Thus, the theoretical 

A - a obtained starting from the 2-Body nuclear force is generally too small compared with the experiment. He investigate the 2-pion exchange 3-body force effect on Ago- in another contribution(II). 

1. K. Ando et al., Prog. Theor. Phys. Suppl. No.65 (1979) 38. 
2. D.W.L. Sprung and P.K. Banerjee, Nucl. Phys. A168 (1971) 273. 

1 60 e =-16.0 M P ( a ; * > *°Ca e=-16.0 
0p3/2 3.31 (4.28) 

4.45 (5.90) 
0d5/2 3.75 (5.35) 

4.96 (7.08) Opl/2 
3.31 (4.28) 
4.45 (5.90) 0d3/2 

3.75 (5.35) 
4.96 (7.08) 

lsl/2 4.26 (6.24) 
6 =-2.0 « =-4.0 

0d5/2 1.43 0f7/2 1.94 
0d3/2 2.64 0f5/2 3.12 
lsl/2 2.10 lp3/2 2.65 

(MeV) lpl/2 3.03 (MeV) 

1 60 Cal Exp 4 0Ca Cal Exp 
Op 
Od 

3.2 
4.2 

6.16 
5.08 
(HeV) 

Od 
Of 
ID 

3.4 
4.2 
1.4 

7.0 
6.5 
1.8 
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SINGLE PARTICLE SPIN-ORBIT SPLITTING (II) 
— Two-Pion Exchange Three-Body Force Effect — 

K. Ando and H. Bando* 

Department of Physics, Kyoto University, Kyoto, Japan 606 
•Division of Mathematical Physics, Fukui University, Fukui, Japan 910 

As is exhibited in our preceding contribution (I), it is quite likely 
that the 2-body force contribution is not large enough to reproduce the entire 
single-particle spin-orbit splitting especially for normally occupied states. 
We here report numerical estimates for the 2% -exchange 3-body force (TPETBF) 
contribution, A™F, by using the TPETBF of the form:" 

(3) « l» 

where W+t denotes the »-N s-wave part , while v/j^ and wVjr, p-wave parts; 
C p = - ( l / 2 ) ( f / 4 ^ r b / - ' ' ( ^ = 0 . 7 ^ " ' ) and Dp=(f/4* HcU+d.),"-*' in the 
notation of Ref. 1 ) . We evaluate A j ^ d i rec t ly by using harmonic osci l lator 
wave functions, including the double-exchange (Dx) contribution in addition to 
the single-exchange (Sx) one; tota l ^T*f I S broken down as 

Age**) - t£f + &•'/* f2

Cr 
In our calculat ion the form factor H(q )=( * - / * • ) / ( 1 +q ) and the 
short-range correlat ion function obtained from ,the Rejd-SC potential are 
employed. The table l i s t s the coef f ic ients, Sx ~ Dx" , for the cases of 
Op-orbit in " 0 and Od in MCa evaluated with 7=6/- . 

Sx ( a> S x ( c ) Sx ( P } D x ( a ) Dx<c> p»(P) 

_s i„0) -0.92 -0.80 2.76 -0.10 -0.19 0.55 
4 UCa) -1.00 -0.82 3.42 0.04 0.06 0.31 

It is seen that the p-wave contribution is really .significant in agreement 
with the suggestioiubased on the Fermi-gas model. By employing the TPETBF 
given by Coon eta! , a =1.13, c =1.05, Cp=1.13 and Dp=0.66, we have: 
ilu^Op; "0)=1.55MeV and ^ ( 0 d ; *°Ca)=2.12MeV, while the TPETBF given 

by Kasahara et a l " , a=c=0 and Cp=2Dp=0.45, leads to: ^JJTtOp; 0) 
=1.37MeV and ^ ^ ( O d ; *BCa)=1.61MeV. These values are actually very 
sensitive to the choice of the cut-off mass g especially for the first type 
of TPETBF. Combining these values with those in (I), the net thoretical 
values are still not sufficient to reach the experimental &st. 

In conclusion, the TPETBF effect on 4 W can be as important as the 2-body force effect. Thus, investigation of /L provides a good testing 
ground for TBF. 

1. S.A. Coon et al., Nucl. Phys. A317 (1979) 242. 
2. J. Fujita and H. Miyazawa, Prog. Theor. Phys. .17. (1957) 366. 

K. Ohta, T. Terasawa and M. Tohyama, preprint UT-Komaba 79-11. 
3. T. Kasahara et al., Prog. Theor. Phys. Suppl. No.56 (1974) 96. 
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SHELL MODEL CALCULATIONS WITH A THREE-BODY INTERACTION 

T. Inoue, Y. Akiyama, and T. Suzuki (Nihon Univers i ty) 

N. Onlshi and A. Arima (Tokyo University) 

The importance of the three-body i n t e r a c t i o n has been e s t ab l i shed in 
Hartree-Fock c a l c u l a t i o n s . We have examined phenomenologically a possible 
effect of a three-body in te rac t ion in t he s h e l l model ca lcu la t ions of the sd-
s n e l l . We assumed the KUO in te rac t ion and the WILDEMTHAL and PREEDOM i n t e r 
action with a three-body term as the e f f ec t ive in t e rac t ion . 

The three-body term as assumed as 
V 3 = 1 2 3 3 3 . K . 6 ( r i - r 2 ) . 6 ( r 2 - r 3 ) 

where K i s var ied phenomenologically._, 
The ca lcu la ted energy levels of Ne, as example, are shown i n Fig. 1 

and 2. High spin s t a t e s , i . e . , 7/2+, 9/2+ and 11/2+ cone down -~ry quickly 
as K i nc reases . A 1/2+ s t a t e behaves very i n t e r e s t i ng ly . Table 1 shows 
the binding energy and the percentage p robab i l i t y of [41] (8 l ) component of 
the lowest 3/2+ s t a t e . We are thus s h e l l model ca lcula t ions a re capable of 
f ixing the s t r eng th of the three-body i n t e r a c t i o n . We are t r y i n g t o find an 
effect ive i n t e r a c t i o n which contains two-body and three-body Ijerms anc s a t i 
sfy the s a tu ra t i on condit ion. 

Table 1 
KUO + V WTLDENTHAL + V^ 

K B.E. Probabi l i ty K B.E. Probabi l i ty 
[11] (81) [41] (81) 

0 -28 .51 90.7 77-1 0 -26.70 85.1 68.5 
0.5 -21.34 86.1 71.7 0.5 -22.63 78.3 64.1 
1.0 -20.75 80.8 65.5 1.0 -19.03 67.9 55.7 
1.5 -18.09 78.1 19.3 1.5 -16.56 4 l . l 11.6 

WILDENTHAL 

Fig . 1 Fig. 2 
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MEASUREMENT OF QUADRUPOLEMOMENTS AND P3-TERMS BY INELASTIC 
SCATTERING OF VECTOR POLARIZED DEUTERONS +) 

H. Clement, R. Frick, G. Graw, P. Schiemenz, N. Seichert and Sun Tsu Hsun 

Sektion Physik der Universitat Miinchen, D-8046 Garching 

The high sensitivity of the scattering of polarized deuterons to inter
ference terms in the scattering process has been used to study the detailed 
structure of excited states. Special attention has been paid to 2\ and 2i~ 
states, which play a dominant role in the determination of the nuclear shape. 
The figure shows the enalyzing powers for the first two 2+-states in 2l*Mg, 
2 8 S i , " S and 5 l ,Cr, for the latter also the cross sections as an example. In 
all four cases the angular distributions for the 2$-states behave very diffe
rently from those of the 2i-states exhibiting a different reaction mechanism 
and thus a different nuclear structure. The drawn full curves are the result 
of the simultaneous CC-analyses of cross sections and analyzing powers for 
the level system 0+-2i-22-4i and others specific for the individual nucleus. 
In all cases a global OM-set has been used for the description of the spheri
cal part of the deuteron-nucleus interaction. In the analyses the data show 
extreme sensitivity to the phases of the interference terms in the scatter
ing caused by quadrupole moments 0.2+ and P3~terms; the latter of which de
scribe for the Zt-states the interference of the direct transition from the 
groundstate with the indirect one via the 2t~state. The dashed lines in the 
figure show on the upper part the effect on the 2i-scattering of changing 
the sign of Q,+, and on the lower part the effect on the 2z-scattering of 
changing the 1 phase of P 3. Both changes show pronounced effects in the 
analyzing powers of the corresponding states, leading to an unique determi
nation of Q,+ and P 3 for all four nuclei. While for Q-+ our values agree 
with the 1 ones from coulomb excitation, there 1 are no Pa-measure
ments else known for these nuclei. Additionally also the quadrupole moment 
of the 2j-state shows significant effects in the angular distributions, its 
influence, however, is generally smaller than that of P 3. 

(d,di) E d=20MeV 

Comparison to microscopic calculations1' for the sd-shell nuclei gives 
agreement to our results for transition amplitudes and quadrupole moments 
in their absolute values and phases. Alternatively the results for all four 
nuclei can be interpreted equally well in the frame of collective models, 
either in the geometrical models or in the IBA. This points to. the dominance 
of simple symmetries even in nuclei as light as the ones in the sd-shell. 
+) supported in part by the Bundesministerium fur Forschung und Technologie 
1) Knupfer, Stumm, priv. communication, Erlangen 1980 

8 



STRUCTURE OP i u B NUCLEUS BY A MOLECULAR MODEL 

S. Okabe 

Department of Physics, Hokkdido University, Sapporo, Japan 060 

•̂°B nucleus which is in the middle of p-shell nuclei, is known to have 
anomalous properties in the simple spherical shell model and have been recent
ly investigated by some extended methods of the model1'. In this report we 
treat not six valence-nucleons around an a-core but two valence-nucleons 
around a two-a core microscopically on the basis of the study about ^Be nucle-
us^). The two-a core has well-developed cluster structure, so that a Ifll1^ 
l/2 + orbital comes down and degenerates to clusterized p-orbitals. The struc
ture of Be nucleus is well represented in terms of the above three molecular 
orbitals2'. In the present calculations we exactly remove spurious states of 
the center-of-mass motion and use the following effective interaction; the 
modified Volkov potential with exchange mixtures b=h=0.1 and realistic effec
tive spin-orbit and tensor potentials3^. 

In the figure results are shown to well reproduce the experimental energy 
levels. Anomalous states, l1j(T=0) state at 5.16 MeV, ojd^l) state at 7.56 
HeV and 2^(T=1) state at 8.89 MeV are described as well-developed cluster 
states. 32(T=0) state at 4.77 MeV is found to be a mixed state of shell and 
cluster configurations, which is consistent with its large a-decay width. 
Negative-parity states show rotational-band like structure with a high degree 
of clustering in comparison with the ground state. Unfortunately we have not 
definite conclusions for states above 6 MeV because of insufficient experimen
tal information. Electromagnetic properties are also well explained3'. The 
present result gives a too-high excitation energy to I'^iT^O) state at 2.15 
MeV, which requires further investigation on the effective interaction in the 
truncated model space. 

E 
tiiev: 

E 
(Usui 

COL. E W . T-t> EXP. CM.. 

1) D. Kurath, Nuc l . Phys . A317 (1979) 175; 
H. V. Jager and M. Kirchbach, Nucl . Phys . A291 (1977) 52; 
E. F l e r a c k e r s , N u c l . Phys . A329 (1979) 4 5 . 

2) S. Okabe, Y. Abe and H. Tanaka, Prog. Theor. Phys. 57^ (1977) 8 6 6 . 
3) H. Furutani , H. Kanada, T. Kaneko, S. Nagata , H. N i sh ioka , S. Okabe, 

S. S a i t o , T. Sakuda and M. Seya, t o be p u b l i s h e d i n Prog. Theor. P h y s . 
Suppl. No. 68 ( 1 9 8 0 ) . 
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ie.pt°n~SadEog Relation and_the NN and 
AS-liliotial. 

Pratul Bandyopadhyay 
Indian Stat ist ical Institute. Calcutta-700035 

India. 

Abstract 

We have attempted here to derive the Kucleon-Hucleon potential on the basis of the structural aspects of badrons. On the basis of a lepton-hadron relation as proposed in a recent paper, it is found that the constituent piona farmed by the clustering of spin £particles in the configuration of a nucleon demands the exohange of «, u, P and f°-meson8. 2* exchange is found to be less probable. Also in this scheme no adhoo mechanism or fiotitions parameter is needed, nor the exohange of any hypothetical particle is rt^ulred. The phase-shifts for 3P Q, SB-^, fD^, *D 2, ' Dg, 3 B g and 3p, 
states,are found to be in excellent agreement with experi
ments. ' For S-atates as well as for 5?- and 'P, states 
the potential for the core region is found to have a domin
ant role. In this region, a potential of the Gaussian form 
V = V e-fo^is introduced and the phase-shifts for these 
core o * 

states are found to be in very good agreement. This dyna
mical scheme is then extended to A -If case which includes 
the exohange of If, K, tO as well as fc*, K** **& f° 
among the constituent piona-and a generalised A -N potential 
i3 then derived. The scattering length deduced from this 
is found to be in very good agreement with experiments. We 
then predict the A-N phase shifts at low energy for differ
ent states. 

Reference 

(1) A. Das, K. Patari and P. Bandyopadhyay ' 

Kuovo Cimento 4B&, 327. (1978). 
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SOHE PROPERTIES OF BARfON*ANTIBAHTON STATES ACCORDING TO Su(6) 

S. T. Sze 

Phys ics Department 
Nanjing Univers i ty 

Nanjing,China 

Usually one cons iders the behavior of a s i n g l e BB s t a t e , 
for i n s t a n c e the PP s t a t e . Here • • cons ider three baryons P,N,X 
and t h e i r a n t i p a r t i c l e s as a whole Just in analogy wi th the 
quarks i n a n a i v e quark model. As the strong i n t e r a c t i o n s 
between the baryonB and antibarycna p o s s e s s SU(3) symmetry, 
and the SIK3) forme SU(6) with the s p i n SU(2). The baryon-
antibaryon combination has 36 d i f f e r e n t ways and 36 = 1 © 35 , 
Now 33 can be decomposed i n t o 8. ffi ( 1 , © 8 , ) . Let a s t a t e of 
n u l t i p l i c i t y j i , l s o t o p l c spin t . S p i n i and charge Q be w r i t t e n 
as l/it?JQ, then the S s t a t e s of BB a r e ; 

| l o ? o o , |8o>oo, l81/'o+, l81^oo, l81?o- , l s i / 2 ) o + 
|81 /2?oo, | 8 l 7 2 ? o o , l81 /2^o- j l i o > l o , | 8 O ? 1 O , |81>1+ 
|81>lo , |81>1- , |81/2>1+, |81/2 . )oo , )8 l72%o, | 81 /2>o-
Let the i n t e r a c t i o n Hamiltonian between a baryon and an 

antibaryon be _ 
^ = aj(j+l) * b[J(B>) + 4"(BA)J 

where the first tern is to differentiate J=o from j=1 state, 
while the second tera is to differentiate hyperon from nucleon, 
then w« have 

k < 81/211^ 1 81/2>o = 3 <8o | Hj 8 O ) 0 + < 811 H J 81> Q 

This illustrates the linear relationships between the different 
binding energies. 

A J=l state can make a transition to a state of J=o acom-
panied by emission of a gamma ray photon, such as 

|81/>lo •+ |8l)oo + X 
181/lo and 181/oo are both negative parity states. During the 

transition the parity does not change, hence it is a HI transi
tion. Let the magnetic moment operator of BB be p. =(Bj-B.+grSg)u_, 
then for |81^1 + ,o -*|8J,o+,o + gamma, we have 
< 8 11o| ? 3| 8 1oo> K 8 1 l + | » +| « V > - < 8 1 1 - | u"l 8 1o-> 

During such a transition a jsi^lo state transforms into a 
|81?oo state^ 
The B and ~B in |lo/oo or|8o/£0 can be annihilated into two 

gamma photons, while the B and 1 in the state | lo/lo can be an
nihilated only into one gamma photon. 
1) B.T.Feld,Models of Elementary Particles (Blaisdell Pub

lishing Company, 1969) p. 288 
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THE 3F3 DIPROTON IN THE FADDEEV irNN DYNAMICS 

M. Araki, Y. Koike» and T. Ueda 
Faculty of Engineering Science, Osaka University, Osaka 

*Department of Nuclear Engineering, Kyoto University, Kyoto 
In a series of works we have studied dibaryons arising in "UN and nitNN 

dynamics 1, 2). In ref.l) Heitler-London mechanism is proposed and in ref.2) 
a Faddeev approach is made to the 3F3 diproton. This report summarizes high
lights of the results in ref.2) and a subsequent study about the ird decay of 
the 3F3 diproton. 

In the energy range of laboratory energies EL = 0-1200 MeV we consider 
pp elastic scattering and one-pion-production in the U P = 13- state. In the 
Faddeev AGS formalism we represent the processes by transition amplitudes 
between various irNN channels. The pp channel is represented by the nNN chan
nel in which a *N subsystem is in the bound state equivalent to proton. This 
bound state and the spectator proton are correctly antisymmetrized. All par
ticles are treated as being non-relativistic as is done in ref.3). 

We select the following 10 channels as Important. 

Channel 1 2 3 4 5 6 7 8 9 10 
Pair states Pll Pll P33 P33 P33 P33 3P2 3P2 3P2 3S1 
S 1 0 2 1 2 2 2 2 2 1 
J-J 3 3 1 3 3 5 1 3 5 2 

In this table S represents the sum of the spins of the spectator and the 
interacting pair and L does their relative orbital angular momentum. 

Phase-shifts S and absorption coefficients n of pp scattering are calcu
lated both in the 3 channel model, which involves channels 1, 3 and 7 and thus 
is similar with the one in ref.l, and in the 9 channel model, which involves 
the 9 channels from channel 1 to 9. In both models the inelastic resonance 
pattern is reproduced. However, compared with the phase-shift analysis result 
4), the resonance energy is 50 MeV higher in the 3 channel model and 50 MeV 
lower in the 9 channel model. The deficiency of the 9 channel model would be 
remedied by a relativistic treatment of the pion and by introducing the p-
contribution and other ignored channel effects. 

We calculate the effect of channel 10, the «d channel. We find that the 
effect to the 3F3 phase parameters is so small as changes the resonance energy 
to only a few MeV lower one. Further we find that the branching ratio of the 
3F3 diproton to the ird channel is so small as 0.17? around the resonance 
energy of EL 2L 600 MeV. The 3F3 diproton in our model is composed primarily 
by the NN subsystem of the P state and the p-wave pion with respect to the NN 
subsystem. Therefore the wave functions of the 3F3 diproton and the ud 
channel are almost orthogonal. This o ico f an xo m «"*) 
is the main reason why the branching 
ratio is so small. 

T. Ueda, Phys. Letters, TjfB_ (1978) 
123; lb. 79B (1978) 187. 
M. Araki, Y. Koike and T. Ueda, 
Prog. Theor. Phys. 63 (1980) 335. 
I.H. Afnan and A.W. Thomas, Phys. 
Rev. C10 (1971)) 109. 
N. Hoshizaki, Prog. Theor. Phys. 
60 (1978) 1796; 61 (1979) 129-

" ^ ^ i S r 

"4 

a» m OT SOT em - ^ am 900 IOCO MOO i2oo 
5. (MeV) 
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A(3,3) EXCITATIONS AND EFFECTIVE THREE-NUCLEON FORCES IN FINITE NUCLEI 
H. MUther, A. Faessler*. K. Shimizu+, and W. Wadia + + 

Institut fiir Kernphysik Kernforschungsan 1 age Uu'lich 0-5170 JUlicR, West Germany 
One of the central aims of nuclear structure theory is to derive the 

ground state properties of nuclear systems from a microscopic Hamiltonian 
which is adjusted to describe the two-nucleon data. If one uses e.g. the 
Brueckner-Hartree-Fock approximation to solve the many-body problem, it seems 
to be Impossible to describe simultaneously the binding energy and radius of 
finite nuclei. Since for light nuclei, like e.g. 1 6 0 , the contribution of 
higher-order terms in the many-body perturbation expansion seems to be small, 
this discrepancy leads to the conclusion that one has to go beyond the model 
of a nucleus being a system of inert nucleons which interact via NH poten
tials. 

Several groups try to investigate the influence of intermediate excita
tions of the nucleons to the A(3,3) resonance on the effective interaction in 
nuclei. In a nuclear medium the attractive contributions of intermediate 
A(3,3) excitations are quenched because of Pauli and dispersion effects. This 
typically yields a repulsive effect for the binding energy of 1 6 0 of about 
1 MeV per nucleon1). The explicit treatment of isobar excitations, however, 
also leads to three-body terms as they are displayed in the figure2). These 
terms can be understood as compo
nents of a three-body correlation 
function, which should be calcula
ted by solving a system of Bethe-
Faddeev equations which consider 
pure nucleonic and nuclear plus 
isobar excitations on the same 
footing. Compared to a convention
al many-body theory which would 
treat the diagrams displayed in 
the figure as contributions to a 
three-body force, the present 
approach has the following advan
tages: NN correlations can be a ) b) 
considered in a selfconslstent 
way, exchange terms are conve
niently Included and the effects of isobar excitations on two- and three-body 
terms are studied systematically. 

The calculation of the lowest order terms, explicitly displayed in the 
figure, leads to about 0.5 MeV per nucleon attraction for the binding energy 
of 1 6 0 . This is smaller than the repulsive effect in the two-body terms 
mentioned above. It is of the same magnitude as the contribution from the 
pure nucleonic three-body correlations3). 

+ + New address: UniversitSt Tlibingen, D-7400 Tubingen, West Germany. 
Present address: Atomic Energy Establishment, Cairo, Egypt. 

1. H.R. Anastasio, A. Faessler, H. Wither, K. Holinde, and R. Machleidt, 
Phys. Rev. C1B (1978) 870. 

2. T. Kouki, L.E.W. Smulter, and A.M. Green, Nucl. Phys. A290 (1977) 381. 
3. J.G. kbolitzki, Nucl. Phys. A228 (1974) 285. 
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SINGLE K MESON AND 2It,np EXCHANGES IN THE A-N INTERACTION 

Wu Hui-fang Shen Jian-ping Yu You-wen Zhang Zong-ye 
Institute of High Energy Physics, Academia Sinica 

Beijing, The People's Republic of China 
The purpose of this paper is to study the A-N interaction by 

using the? meson exchange theory. We have considered three process
es :(1 )Siijgle k meson exchange, (2)Box diagrams of 2 Or and TrPex
changes /ith a nucleon in the intermediate states, and ("5^Box dia
grams off 2 7T and irfi exchanges with an isobar in the intermediate 
states(7ee Fig.1). 

* JL>2~ 

Fig.1. 
fhr simplicity, two approximations have been taken in this cal-

cula/ion.'3 First, the initial rmcleon N and hyperon A are consi-
dere/l to be at rest and their excitation energies? compared with 
therpion energies in the intermediate states are neglected. Second, 
an average value is used for the energies of the intermediate 
stf/tes. Thus the 2 5r and TTP exchange potentials can be decomposed 
inio two transition potentials, which could be written in simple 
ar/i analytic expressions. 

(fn> i 

V^'M-* 

Fig.2. 
The results are shown in Fig.2. It is seen that thejl-N inter

action is somewhat weaker than its N-N counterpart and the A-N 
singlet force is stronger than its triplet force. If the meson 
mass differences, the £ mass differences, etc. are taken into 
account, then the charge symmetry breaking in the A-N interaction 
and a deeper A-p potential are obtained. All these results are 
coincide with experiments. 
1)J.w.Durso,M.Saarela,G.E.Brown and A.D.Jackson, Nucl. Phys.A278 
(1977)445 
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SCAfTERING AMPLITUDE WITH LARGE MOMENTUM TRANSFER CALCULATED FROM 
THE B-T EQUATION AND THE REPULSIVE CORE OF NUCLEAR FORCE 

Pan J i - z n i , Wang Wei -we i , Chao W e i - q i n , Bao Cheng-guang 

I n s t i t u t e of High Energy Physics 
Academia Sinica 
P.O.Box 918, Peking 
The People's Republic of China 

The interior of the nuclear force can not be made clear by 
low energy data. Thus it is desirable to redefine the phenomenolo-
gical nuclear force by a dynaaiic equation with relativistic kine
matics and to determine this force by higher energy scattering da
ta. In doing so, we choose the BT equation which was first pro
posed about 30 years ago'} and can also be derived from some quasi-
potential equations developed in recent years.*) 

For time independent solution, the E'£ equation in CM system 
looks like 

( *'-v"-*+«,* + J- v*+mf + V ) ty = E ̂  
Obviously, the V so defined is in accordance with that defined by 
Schrodinger equation when the energy is low. 

Using eikonal wave Born expansion3)#we derive an analytic approximate amplitude for large angle(<90") scattering: 
<i [v |* >= <i |V|^e>+ H2£<y-j | kl\ ^ > 

-zL<t|'.f

e|V*|i})?>+high order terms 
h e r e tf— C(l'* £^*-Vx ; ,]A* 

ij=T.a.j, ij- i s the outgoing d irec t ion . With th i s amplitude, using 
p-p scatter ing data , we can discuss the behavior of V i n higher 
energy. Let V= repuls ive* a t trac t ive* imaginary part. We f ind that 
the contribution to ^Vit as t^2.5 ^Vc f a r i s e s dominantly from tho 
repulsive core. For a small t , the contribution of the core i s 
n e g l i g i b l e . Thus, us ing large t data we are able to determine the 
strength and tbe range of the core. For example, assuming that the 
repulsive part i s , -rVai -r%* 

V r e , . = V.« * + V*e 'H 
for/sl=6.15Gev we f ind that V, =340Mev, ft =0.43fm, V»=30Mev, ft= 
0.17fm. I t i s remarkable that the height of the core i s not very 
l a r g e . I t i s even lower when JIT i s l a r g e r . Because a hard repul
s i v e core i s not necessary in explaining the low energy data and 
f a l l s In explaining the high energy data , there i s no need to i n t 
roduce th i s concept in the nuclear force . 

1. P.A.M.Dirac, Rev.Mod.Phys.21(1949)392 
B.Bakamjian, L.H.Thomas, Phys.Rev.92(1953)1300 

2 . V.G.Kadyshevsky, Nucl.Phys.B6(l96B)l25 
Ruan Tu-nan, Zhu Xi-quen, Ho Tzo-xiu, Qing Cheng-rui, 
Chao Wei-qin, (to be published) 

3. Lu She-qi. Zhu Xi-quen, Chao Wei-qin, Bao Cheng-guang, (to be 
published) 
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REDUCTION OF THE NN ANNIHILATION POTENTIAL DUE TO THE PRESENCE 
OF BOUND BARYONIUM STATES 
A.M. Green and M.E. Sainio 

Research Institute for Theoretical Physics 
University of Helsinki 

00170 Helsinki 17, Finland 
1 2) In two recent articles '_ is was pointed out that the 

presence of NN bound states (NN)B - as possibly seen in a CERN Y-ray experiment^) - could be responsible for the long range 
part of the annihilation potential needed to explain NN elastic, 
charge-exchange and inelastic scattering upto a p laboratory 
energy of about 450 MeV 4). A quantitative estimate of this 
effect is now made using a coupled channels formalism for the 
two-body configurations NN and (NN)Bir. For the case of NN(^3P2) 
the effect of a "P2(NN) B configuration bound by 183 MeV is to reduce the annihilation potential of ref. ' from 

- 2 1 - 1 2 0 Gev to - 7 ' 6 - 1 4 - 1 Gev 
1 + exp(5r) 1 + exp(4.8r) 

At 1 fm the imaginary part of this new potential is now only 
34 MeV compared with 134 MeV in ref. '. It remains to be seen 
whether or not this reduction is sufficient to give bound states 
with widths (= 20 MeV) comparable to those suggested by the 
CERN experiment. 

1. A.M. Green, M.E. Sainio and J.M. Richard, J. of Phys;. Gj> 
(1980) (in press) 

2. A.M. Green, M.E. Sainio and S. Wycech, J. of Phys. G6 
(1980) L17 

3. P. Pavlopoulos et al., Phys. Lett. 72B (1978) 415 
4. C. Dover and J.M. Richard, Brookhaven National Laboratory 

report BNL-26766 (1979), to appear in Phys. Rev. C. 
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NON-ITERATIVE TWO-PION EXCHANGE 
AND ITS EFFECT IN NN-SCATTERING AND NUCLEAR MATTER 

K. Holinde and R. Machleidt 

Institut fttr Theoretische Kernphysik der Universitat Bonn 
Nussallee 14-16, L-saoo Bonn, W.-Germany 

H. Muther 
Ins t i tu t far Kernphysik der Kernforschungsanlage Jiilich 

D-5170 Jlllich, W.-Germany 
A. Faessler 

Institut fUr Theoretische Physik der Universitat TUbingen 
D-7400 TUbingen, W.-Germany 

M.R. Anastasio 
Brooklyn College of CUNY 
Brooklyn, N.Y. 11210, USA 

Recent progress in our aim of an explicit description of 
the 2n-exchange contribution to the NN-interacticn is reported. 
Such a program is essential for a realistic treatment of the 
modifications of the NN-interaction in the medium (because of 
Pauli and dispersive effects), which play a decisive role in 
obtaining a consistent description of light and heavy nuclei. 

Our general scheme is to start from a field-theoretic 
Hamiltonian (containing as interaction part a mes.on-nucleon 
vertex, not a nucleon-nucleon potential), which is treated in 
old-fashioned perturbation theory in order to have a consistent 
framework for the two- and the many-body problem. 

In this paper we study the influence of non-iterative 2ir-
-exchange diagrams, involving nucleon-nucleon as well as 
nucleon-isobar (A) states, on NN-scattering phase shifts and the 
binding energy of infinitely extended nuclear matter. The 
quenching of these diagrams in the medium is appreciable, though 
smaller than in the case of the corresponding iterative (box) 
diagrams . By adding suitable one-boson exchange terms, a 
reasonable fit of phase shifts and deuteron data is obtained. 

1) K. Holinde, Nucl. Phys. A328 (1979) 439 
2) K. Holinde, R. Machleidt, M.R. Anastasio, A. Faessler, 

H. Mttther, Phys. Rev. Cljl (1978) 870 
M.R. Anastasio, A. Faessler, H. MUther, K. Holinde, 
R. Machleidt, Phys. Rev. Clji (1978) 2416 
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QUARK FORCE AHD HHCLEAH FORCE I . n-p SCATTERING 

Wang Fan He T i n 

Nanjing University Institute of Atomio Energy 
Raiding. China Aoademla Sinioa, Beijing* China 
Ve regard the nuoleon aa a three quark cluster, use STji°'x 

SU 2
( Tx3D :2 eolor-flavor-spin wave function and&ussian space 

wave funotion to desorloe a nuoloon, and employ the di -cluster 
single ohannel resonanting group wave funotlon to desorlbe the 
di-nuoleon system* Aoording to the quark confinement and co
lor saturation concepts, ve suppose the quark force as follows. 

Vij = 7Ci-^.,(a+b SfcTj + c Ti-Tj+ d Si-Si Ti-Tj ) V CTij) 
f V . ' + KlTij CD 

Vfr,,)*^ v."+^;+/sr„ 
Co) Here >< I s the 3 U , V U ' Gell-Mann operator*. Adapting the J3 D single ohannel resonanting group approximation '. we have de

rived an equation which determines the nuolear foroe from 
quark foroe. ,, , N -ft1 i f"°a«>- . r*< > > 

V M(r) = ̂ - j s ^ l*.(r,r')f,(r)dr (2) 
Here 3fk<^a, m Is nuoleon mass, fi* 8' (r) is the solution of the 
following intergro-differential equation. 

[ & + ft*- * p > ] ffcr) =J>rCr,r')f>'> d r ' cs> 
Where the oonorete form of the Integro-kernel Zj}a' (r,r') has 
the following' character 

Ccr,r') - «G•c''"4r", JKC-K.rr> a) Here M x ! :) Is Bes8el funotion with imaginary argument. fufiot 
^£'Qn'Tn''i^rfi l a n 1uleon radius). Therefore our model derives 
tbe short range nonoonflnement nuolear foroe from the quark 
foroe possessing oonfinement naturally. Futhermore we have 
oaloulated the n-p scattering oross seotions in the energy 
range 0.1-450 He7. Except the mixed parameters a,D,c,d, the 
other parameters of quark forced) are determined from the 
ground state property of nuoleon. Provided the form and mixed 
parameters of quark force (1) are selected adequately, the 
calculated oross seotions are consistent with the experiments. 
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QUARK FORCE AHD OTCLBAR FORCE It . COHPARIHG WITH 
PHENOMEHOIOOICAL HUCIBAR FORCE 

He Tin Zheng T u - a l n g Lu Zhao-ql Vang Fan 

Institute of Atomic Energy 
Aoedeala Sinioa, Beijing, China 

Hanjing University 
Hanjing, China 

Ve have proposed the form of the quark interaction in I. In 
this paper, we use the method of double veil cluster model to 
compute the nuclear force by the Kdlahatie approximation as fol
lows 

V„«(*} = <TBlH|-5f>-<-VKlH\¥>« 
for (S,T)-(1,1), (1,0), (0,1) (0,0). Here z is the distance be
tween the double well. The parameters of the quark interaction 
in I (besides a,b,o and d) are determined by the elementary pro
perties of a single nucleon. The results are shown in fig 1-4, 
and are compared with the oentral 
part of HJ potential, Reld soft 
potential, Tale potential and 
Loaon-Feshbaoh potential. There 
la only one binding in 3=1, T=0 
cms*. 

I.f—^pdnUI •&.. . , . 
Bfc.o.p»f*ta|lK,.,-fl 

HJ 
— y . h 

LF 
fM&ft 

^ ' " ^ ' i Bj.2 
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SHELL MODEL NUCLEAR STRUCTURE CALCULATIONS WITH THE PARIS N-N POTENTIAL* 

J. Shurpin and T.T.S. Kuo 
S.U.N.Y. at Stony Brook, Stony Brook, N.Y. 11794 

D. Strottman 
Los Alamos Scientific Laboratory, Los Alamos, N.M. 87545 

The Paris N-N potential , derived from a field theory of nuclear forces, 
is among the "best" N-N potentials available. A particularly interesting 
feature of this potential is its much weaker tensor force component compared 
to those of earlier phenomenological potentials. In this work we employ the 
Paris potential in nuclear many body calculations, within the framework of 
the nuclear shell model and the folded diagram theory of effective inter
actions. More specifically, we calculate the energy levels and some transi
tion rates for several nuclei at the beginning of the sd shell, to see if 
we can obtain some sensible results. 

We begin with a parametrized form of the theoretically derived potential 
and construct the two bo<ly G-matrix, G=V+VQ((IJ-QTQ)~1QG. A momentum space 
matrix inversion method is used in solving the above G-matrix equation. As 
a test of this method, we calculate the N-N phase shiftSjWhich are reproduced 
satisfactorily. Vie then solve the model space problem PHeffPili^=(E^-Ec)Pili, 
with the model space P composed of sd shell valence particles outside a 
closed 1*0 core. E c is the 1&0 ground state energy. The 1-body part of H e£^ 
is taken from the experimental 1'0 and I'F states. The 2-body part V eff is 
calculated using the Q-box formulation of the folded diagram theory^), The 
Q-box is calculated approximately, including only some low order valence-
linked and irreducible G-matrix diagrams. We then calculate the folded 
diagram series V e££=Q-QjQ + QjQjQ-... including terms with up to 4 foldings 
(denoted by J ) . Representative matrix elements are compared with those of 
the Reid potential in Table 1. Note that V e f f is slightly non-Hermitian. 
Also, the folded diagram series for V e££ seems to converge satisfactorily. 
The Paris potential matrix elements yield 1&0 and 1"F spectra which are 
closer to the experimental spectra than do the Reid potential matrix 
elements. However, there is still some underbinding. This can perhaps be 
corrected by including higher order core polarization processes in the basic 
Q-box. Results about other s-d shell nuclei will be discussed. 

Table 1. 
Folded diagram series for <aaJT|Ve££|bbJT>. F n is term with n foldings. 

T J a b F
0
 Fl F2 F3 F4 S u m 

Paris 1 0 Od,., Od,,, -2.942 0.963 -0.327 0.072 -0.015 -2.249 [MeV] 
Reid ' 3 / -2.801 0.969 -0.311 0.047 0.007 -2.089 

0d,. Od,.. -4.201 0.881 0.072 0.012 -0.033 -3.270 
3// ili. _ 4 1 2 8 0 < 9 6 1 0 - 0 7 1 .ooog _o.031 -3.136 

0d,., Od,-,, -4.201 1.286 0.009 -0.022 -0.051 -2.977 
Hi. ^li. _ 4 - 1 2 g x 3 8 0 _0.008 -0.051 -0.041 -2.849 

*Supported in part by USDOE Contract No. DE-AC02-76ER 13001. 
1) R. Vinh Mau, Nucl. Phys. A328C1979) 381 and references therein. 
2) J. Shurpin, D. Strottman, T.T.S. Kuo, M. Conze, and P. Manakos, Phys. 

Lett. 69B (1977) 395. 

20 



MULTIPLE SCATTERING FORMALISM FOR THE 4P2H CONTRIBUTION TO V, 
Sadhan K. Adhikari, H. Bando* and T. Motoba** 

Departamento de Fisica, Universidade de Pernambuco, Recife, PE, Brasil 
•Division of Mathematical Physics, Fukui University, Fukui, Japan 

••Laboratory of Physics, Osaka Electro-Communication University, Osaka, Japan 
The multiple scattering (m.s.) formalism used previously to evaluate 

low-lying 2plh and 3plh contribution to V eff between valence nucleons is generalized to include another important correlation, 4 particle-2 hole (4p2h), 
which results in a hierarchy of coupled m.s. eqs. for various correlation 
amplitudes. We treat here a case where only 2p2h, 3p2h and 4p2h correlations 
are taken into account and the f7/2"c'3/2 2-level model is employed to simu
late A=42 systems. The hierarchy of m.s. eqs. for the 2p2h, 3p2h and 4p2h 
correlation amplitudes T is expressed diagrammatically in fig. 1 where a dot 
is a double-partitioned G-matrix and T ^ i s the driving term for T. 
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In terms of the amplitudes T, contributions to the 0 Q-boxes2'Q(n) are given by 

(Fig. 1) 

and 2-body 
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Thus we can evaluate the Q l" J-boxes separately and also can divide Q ^ into 
parts characterized by really correlating p and h numbers : Qi»j h is a generalization of the standard 2nd order 4p2h diagram and Q^p2h reflects the 
strong 4p correlation. Methods are available to evaluate connected folded 
diagram series to give the energy-independent V eff by using the above Q-boxes. Conventional [2p+4p2h] shell-model calculations containing disconnected dia
gram contributions are equivalent in the present model to solving the equa
tion for e for each JT, G2 p+ §(<» (e) + 2Q(l)(e) + § r a ( < 0 = e» but with the 

rr=oi 

2p } empirically 
C"-2D2h determined, 

p-h and h-h int. neglected, 

•e h = 8 MeV 
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GOLDSTOHE DIAGRAMS IN AN ANGULAR MOMENTUM COUPLED REPRESENTATION* 

T. T. S. Kuo, J. Shurpin, K. C. Tam, E. Osnes +, and P. J. Ellis + + 

Department of Physics, State University of New York at Stony Brook 
Stony Brook, New York 11794 

Many-body nuclear structure theory is usually formulated in terms of 
Golds tone (or Feynman) diagrams, as diagrams are a convenient tool for 
enumerating the various terms in the perturbation expansion of the effective 
interaction and other effective operators of interest (such as electromagnetic 
transition operators). Further, diagrams display in a very direct way the 
physical processes contributing to these quantities. An instructive example 
is provided by the so-called core-polarization diagram^), which was found to 
contribut"3. a long-range quadrupole-like component to the effective interaction 
between two valence nucleons. 

As nuclear structure calculations are generally performed in an angular 
momentum coupled representation, the external lines of the diagrams considered 
must be coupled to a definite total angular momentum. In the past such 
diagrams have been evaluated by first writing down the diagrams in the 
m-scheme (i.e. uncoupled) representation and then transforming them to an 
angular momentum coupled representation. In general such transformations 
involve a large amount of angular momentum algebra and may thus become very 
tedious. There is also a significant probability of making errors. 

In this note we report on a method which allows one to write down the 
angular momentum factors of such diagrams essentially by inspection. The 
method is rather general and can be used to evaluate any effective interaction 
and operator diagrams for both closed-shell nuclei (vacuum to vacuum linked 
diagrams) and open-shell nuclei (valence linked diagrams). Our basic strategy 
is to decompose a given diagram into a product of ladder diagrams with one or 
more rungs. The ladder diagrams may bfc of particle-particle, particle-hole or 
hole-hole type. Ladders are easily dealt with, as they factorize into 
products of vertices. In order to decompose a diagram into ladders, it is 
often useful to couple the diagram to a scalar and then use recoupling 
transformations. For this purpose it may be useful to recouple diagrams and 
matrix elements to cross-coupled form''. Thus, the celebrated core-
polarization diagram may be viewed as a particle-hole ladder in the cross 
channel. Other useful techniques for obtaining the desired decomposition are 
to cut open internal lines and to cut off one-body insertions and operators. 
Phase rules associated with these operations are established. There are also 
phase factors associated with the angular momentum coupling of external 
particle and hole lines. 

The procedure may be summarized as follows: First, we write down the 
phases, energy denominators and other numerical factors associated with the 
diagram in uncoupled form. Then, the factors and phases associated with the 
angular momentum structure are derived from the various operations performed 
to decompose the diagram into ladders, which are then easily evaluated. 
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and AT(11-1)-11764, the Norwegian Research Council for Science and 
Humanities, the Nordic Institute of-Theoretical Atomic Physics (NORDITA), 
and the Alexander von Humboldt Foundation. 
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BARYON-BARYON INTERACTION IN A QDARK MODEL 

M. Oka and K. Yazaki 

Department of Physics, Faculty of Science 
University of Tokyo, Bunkyo-ku, Tokyo 

The shore range part of the interaction between two non-strange baryons 
(NN, NA and AA) is studied in a non-relativistlc quark model. 1' 2) The quark-
quark interaction consists of a confinement part and the one gluon exchange 
part (OGEP), and a baryon B(=N or A) is described by a cluster of three quarks 
with a Gaussian wave function (J>„. The two baryon system is treated by the 

B 
resonating group method (RGM)3), which assumes that the wave function for the 
total six quark system is given by 

where x describes the relative motion between two clusters and fa is the 
antisymmetrizing operator for quarks. With the total hamiltouian, H, the 
RGM equation can be written as 

«|.B<|>B,|(E-H)|1> = 0 

which is a set of coupled integral equation for \ ' s . It is solved by a 
standard method in nuclear cluster model calculations. ) The advantage of 
using RGM is that the relative motion between two clusters is treated in a 
fully quantum mechanical way. The results for the relative S states can be 
summarized as follows. 
a) Interaction between two baryons is almost independent of the confinement 

term and is mainly due to the quark exchange effect (Paul! principle) and 
the spin-spin term in OGEP. It is strongly dependent on the spin (S) and 
isospin (T) of the system. 

b) Attractive forces appear in (S,T) = (3,0), (1,0) and (0,1) AA states and, 
for the first two states, they are strong enough to give bound states 
which might correspond to the di-baryon resonances.5) 

c) The interaction is repulsive for the other spin-isospin states and the 
calculated phase shifts for the lowest threshold channels behave like 
those of hard core scatterings. In particular, (S,T) = (1,0) and (0,1) 
NN phase shifts give the hard core radii of 0.39 and 0.45 fm, respectively. 

d) The qualitative behaviour of the observed NN phase shifts can be reproduced 
if the meson exchange effect is simulated by an additional local attractive 
potential. 

e) The center of mass fluctuation of each cluster which is neglected in the 
adiabatic approaches2'6) is found to be significant and the quantal 
treatment of the relative motion seems necessary for quantitative arguments. 
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THE EFFECT OF DIFFERENT N-N INTERACTIONS ON THE CONVERGENCE 
PROPERTIES OF CORE POLARIZATION DIAGRAMS 

M. Sommermann* , H. Muether, K.C. Tam , T.T.S, Kuo' and A. Faessler 
Institut fuer Kernphysik der KFA 
D5170 JUELICH/W. Germany 

The core polarization diagram Gjp^j, has played a very important role in 
the development of microscopic effective interactions. Conventionally it was 
calculated with a restricted sum over the intermediate particle-hole 
oscillator states: ep-ei,=2fiii>. Vary, Sauer and WongD questioned the validity 
of this approximation. They included p-h excitations up to 22Tiu) for A=18 
nuclei and found a rather slew rate of convergence. Similar conclusions have 
also been reached recently by Rung, Kuo and Ratcliff.^) Both calculations 
employed the Reid soft-core N-N potential (RSC). 

In this work we demon' rate the delicate dependence of the above slow 
convergence behavior on the N-N potential used in the calculation. Taking a 
double partition approach^) in which the high lying intermediate 3tates are 
treated as plane waves while an oscillator basis is chosen for the low lying 
states, we have now carried out an extensive calculation of G3pHj using a 
recent meson exchange Bonn-Juelich N-N potential (MBJ). We have obtained 
some rather interesting results: The contributions to G-, j^ from intermediate 
particle orbits above the p-f shell (k>10 in Table) are much smaller for MBJ 
than for RSC. This indicates fast convergence. In fact, our results 
strongly suggest that G3pjf, diagrams can well be approximated by including 
Ep-E[,=2fiM excitations only. 
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The previous slow convergence of G, ,t had been directly related to the 
strength of the N-N tensor force. The B&nn-Juelich potential, because of its 
stronger o-nucleon coupling constant, has a much weaker tensor force than the 
RSC interaction. Its effect is 
clearly demonstrated through the 
reduction of the strength of the 
reaction matrix G for large 
momenta, in matrix elements which 
are dominated by the tensor force 
(Figure). We therefore understand 
the origin of the better conver
gence behavior in the case of MBJ. 
Furthermore, the resulting effective Interaction leads to improved agreement 
with the experimental spectrum of 180. 
*0n leave from the State University of New York at Albany. 
+0n leave from the State University of New York at Stony Brook and supported 
in part by the USDOE Contract No. DE-AC02-76ER 13001. 
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RELATIONSHIP BETWEEN LOW-ENERGY PARAMETERS FOR CHARGED TWO-BODY SYSTEMS AND 
THE ACCURATE DETERMINATION OF THE GROUND STATE LEVEL OF THE 2He NUCLEUS+ 

L.P. Kok 

Institute for Theoretical Physics, POB 800, Groningen, The Netherlands 

The Coulomb-modified effective-range expansion technique, existing for 
almost half a century already, is very useful for the description of 
phenomena near zero energy. 

On the one hand, given the position of a bound state, a decaying bound 
state, or a resonance at E = k = -K2-, where E is a complex-valued variable, 
one can obtain two relations between the Coulomb-modified low-energy scatter
ing parameters, which can be written as real and maginary parts of Eq.(l), 
(1=0), , 

i a B sgn(s) K ^ ) = H(y), (l) 

K c(k Z) = -l/ac + Jr ck 2 - P r V V . . . H(y) = ii/(iY) + (2iyr,-ln(-iYsgn(s)), 

Y 5 -s/k, a„ = |s| = Bohr radius, ij/ = digamma function. 
Here s>0 (s<0) gives Coulomb attraction (repulsion). I have shown that (l) 
for Coulomb repulsion can be used to find the universal curve in the k plane 
on which all resonances lie caused by the trapping of the particles within 
the Coulomb barrier in the presence of an attractive shortr-range hermitian 
interaction V s ''. When the strength of V s is varied the corresponding' pole 
follows this curve to the origin, leading to extremely narrow resonances. 
A celebrated example here is the Be ground state. At the origin the pole 
represents a zero-energy bound state. Upon increasing the strong coup'ing a 
bound state results. The shape of the curve near zero energy is completely 
Coulomb determined, i.e. it is independent of the details of V s. For any V s 

we will get a resonance which is extremely narrow before a bound state oc
curs, no matter how weak the repulsive Coulomb potential is, for a suitably 
chosen strength of V £. If such a resonance or bound state occurs very close 
to E=0, the scattering parameters a , r , P,... behave in a very special way, 
determined essentially by the Coulomb interaction. 

On the other hand, if a c, r c, P have been determined accurately 
experimentally (1) can be exploited to find directly the precise position of 
levels. This has been done in Ref. 1 for the pp system, i.e. the ground state 
level of 2He. A value Es-HO-i kb7 keV is obtained. This value is essential
ly error-free. This state has a special character. It is much closer to being 
a resonance than to being an antibound state! When I increase V§P in strength 
by a few percent I obtain a proper resonance, a few more percent then gives a 
bound state. 

The contour plot in Ref. 1, Figs. 1 and 2, can also be used for Coulomb 
attraction, combined with a real or absorptive short-range interaction V s, 
with suitable reinterpretation and relabelling of the curves. This is of 
extreme interest for the theory of exotic atoms. Here the theory of complex-
valued quantum defects can be profitably used to connect (complex) Coulomb 
level shifts and (complex) Coulomb-modified low-energy scattering parameters. 
I stress that the connection to the purely nuclear scattering parameters 
(Coulomb switched off) is less direct. 

This work is part of the project "The Coulomb Potential in Quantum Mechanics 
and Related Topics". 
1) L.K Kok, preprint (Groningen, March 1980). 
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ROLE OF THE A-ISOBAR IN NUCLEAR INDEPENDENT PARTICLE MOTION 
S. A. Moszkowski 

Department of Physics 
University of California 
Los Angeles, CA 90024 

The direct (not exchange) contribution of OPEP to the binding energy of 
nuclear matter is known to vanish because of cancellation involving spin and 
isospin. On the other hand, the two pion exchange potential (TPEP) is very 
important for the intermediate range attraction including both nuclear and 
isobaric intermediate states,which is known to be nearly S=T=0, i.e. as if it 
involved exchange of scalar a-meson.' Similarly, three meson exchange 
processes involving mainly A-intermediate states are expected to be quite 
important and nearly independent of S and T, just like the analogous TPEP 
process. 

In the present note we make use of the fact that the two and three pion 
exchanges form the first two in a series of ring diagrams which may be solved 
using the RPA. Previous calculations show that the short range repulsions 
contribute only about 1/4 of the density dependence required for saturation. 
With realistic interactions most of the saturation results from tensor forces. 
We can use closure to calculate the effective two body interaction.! 

V ( 2 ) ( r ) = Vjr) - V n(r) = Vjr) - v/(r)/A 
where A is an average excitation energy (»Tp), and V^ denotes the short 
ranged repulsive co interaction. The effective three body interaction result
ing from 3 pion exchange is 

V(3>(r) = V r ^ y r ^ y r ^ / A 2 

which is repulsive. Calculations using gaussian form show that the effective 
density dependent two body interaction resulting from the three body terms 
(by summing over the third particle), has approximately the same range as 
the two body interaction. (On the other hand, for a strong short range 
repulsion, the density dependent part has a much shorter range.) A simple 
analytical approximation for the density dependent G matrix (neglecting 
exchange) is 

G(p,r) = V B(r) - (1 + c p ) - 1 V Q(r) 
The interaction between valence nucleons (which we denote here by F(r)) 

may be obtained using the Landau theory. 

F(p.r) = *-*-* ( P 2 G(p,r)) = V (r) - (1 + cp)" 3 V (r) 
2 dp 2 M ° 

Thus F is even more strongly density dependent than G. 
It appears, based on calculations using this model, that density 

dependence is relatively more important than the Pauli principle in estab
lishing nuclear saturation and the approximate validity of the independent 
particle model. We can also derive a simple analytical expression for 
the equation of state of nuclear matter and for heavy ion potentials. 

tThis work was supported partially by NSF Contract No. PHY78-15811. 
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2. R. A. Smith and V. R. Pandharipande, Nucl. Phys. A256, 327 (1976). 
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THE PARIS POTENTIAL AND THE RECENT MEASUREMENTS IN NN SCATTERING 
J.COte, M.Lacombe*, B.Loiseau*, P.Pires, R.de Tourreil , R.VinhMau 

Division de Physique Theorique , IPN. 
F-91406 Orsay Cedex 

New data (cross section, polarization and Wolfenstein para
meters : A,D,R, etc .) on pp and np scattering have been recently 
published by different groups x " ' 5 ) . These include high precision 
or original measurements covering the energy region 6 MeV ̂ E l a b <800 MeV. 

We report here a direct comparison of these data with the 
values produced by.the Paris NN potential6) for energies 
Eiab<325MeV. The agreement between theory and experiment is very satisfactory both for low and medium energies. As examples, the 
pp polarization at 6.141 MeV 1), the pp A parameter at 312 MeV"1), 
the np backward cross section at 324 MeV 3) and the np polariza
tion at 325 MeV 4) are shown in the figure below. 

The total x z f o r t i i s world data set in the E l a b<£325MeV region is also reported and compared with that given by the Reid 
potential. 

.4. ciMrt »1 f t**l • M — »»ra 

•m """"' *„ «rx> 
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MESON CURRENTS AND DEUTERON MAGNETIC MOMENT* 

3 . N. Mukherjee, R. Shyam and Rama Das 

Department of Physics 
Banaras Hindu U n i v e r s i t y 

Varanasi,India 
The degree of sens i t iv i ty to the % D state 3-' ' and other 

nucleon-nucleon interaction model dependent effects on meson 
exchange current (MEC) contribution to the deuteron magnetic 
moment have been examined. Adler 's2) 3TV MEC correction to the 
magnetic form factor for electron deuteron scattering(Figure), 
which for zero momentum transfer was 
associated with MEC contribution to 
the deuteron s t a t i c magnetic moment 
has been modified by employing more 
recent value of SJ*t coupling cons
tant ( g 2 y x r / 4 ' r r = 1.24x10-3), based 
on electromagnetic decay width 
(=0.035 MeV) for J-* Y + !** dec 
reported by Gobbi et a l3) . MEC <3 
corrections for deuteron magnetic ^ 
moment corresponding to the two pole_ 
f i t to the amplitude for nucleon 
form factor for various nucleon-
nucleon potent ia l models are shown 
in t ab le . Me conclude that 5 IT MEC 
contribution t o the deuteron 
magnetic moment are much smaller 
than those estimated by Adler 
(0.0188 and 0.0180 for Yale and 
HJ potentials respectively) and 
that these contributions strongly 
depend on the form of the nucleon-nucleon potent ial in general 
and on the # of D s ta te in par t i cu la r . 

POTENTIAL * / » d Pd 
Y a l e 0 . 0 0 4 7 9 6 . 9 6 

HAMADA-JOHNSON 
(HJ) 0 . 0 0 4 2 9 6 . 9 3 

HJ(M) 0 . 0 0 4 2 4 7 . 0 1 
RSID-SOFT 

(R3C) 0 . 0 0 3 6 1 6 . 4 7 
RSC(M) 0 . 0 0 3 3 3 5 . 8 4 
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NEUTROH-NEUTRON EFFECTIVE RANGE FROM QUASIPREE SCATTERING 
IN 2H(n,nn)p AT 25 MeV 

H. Guratzsch, B. KUhn, H. Kumpf, J. Mb'sner, W. Heubert, IV. Pilz 
G. Schmidt, and S. Tesch 

Zentralinstitut fiir Kernforachung Rossendorf, DDR-8051 Dresden 
German Democratic Republic 

A neutron coincidence time of flight spectrum of the deute-
ron breakup by 25 MeV neutrons was measured to determine the 
effective range r of the neutron-neutron interaction. The 
background could be reduced to a very low level due to a new 
conception for the shielding of the neutron source and the col
limators of the szintillation counters. Ho additional coinci
dence with the recoil proton in the target was necessary. In 
this way we succeeded to record the spectrum for the exact kine
matics of quasifree scattering which is the most suitable con
dition for measuring a reliable r -value. The result depends 
sensitively on the absolut cross section of the process. There
fore efforts were made to measure carefully the efficiencies of 
the neutron detectors, the neutron flux and the dead time losses. 
About 2000 coincidence events were collected. 

By fitting a theoretical spectrum calculated by means of 
the Ebehhb'h-Bruinsma-Stuivenberg code to the experimental one 
the value 

rnn = ( 2' 6 9 ± °' 2 7 ) f m 

was evaluated. The energy resolutions and the geometry of the 
experimental setup as well as double scattering in the DgO tar
get were taken into account by a Monte Carlo simulation of the 
experiment. The used code includes S-waves only and charge de
pendence. The sensitivity of the result to inclusion of higher 
partial waves and tensor forces is small as was shown by compa
rison with calculations performed by Bruinsma and Doleschal. 
The quoted error gives only the experimental uncertainties. 

The value of r agrees within the errors with the effec
tive ranges of the other nucleon-nucleon pairs. At the present 
accuracy of r information on charge dependence can only be ob
tained from the scattering lengths. A substantial improvement of 
the result requires mainly further efforts in a more precise de
termination of the detector efficiences and the neutron flux. 
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EFFECTIVE INTERACTIONS FROM THE ENERGY DENSITY METHOD 
R.J. Lombard 

Division de Physique Th§orique+, 
Institut de Physique Nucl6aire, BP1, 

91406 Orsay Cedex, France 
and D. Mas 

Laboratoire de Physique C.A.T., 
U.E.R. de Sciences Fondamentales et Appliquees, 

45046 Orleans Cedex, France 
The energy density method can be used as a starting point to calculate 

excitation energies in nuclei. The Landau theory provides us with a way of 
constructing the effective interaction between elementary excitations direc
tly from functionals. In the present work we compare the values of the Landau 
parameters derived froir. various functionals. The stability against spin and 
isospin excitations is very simply discussed in terms of Fj, GQ and Go, using 
the following expansion for the energy per particle in nuclear matter 

| = E 0 + Ba 2 + YS 2 + SU 2 

where o, s and u are the isospin, spin and spin-isospin excesses respectively. 
The 3 coeff ic ients B, Y and 6 are given by 

8 - # 1 + F ° > Y - # < 1 + G ° > 6 • I ^ 1 + G ; ) • 
In addi t ion, typical spectra in Pb-nuclei are calculated. 

+Laboratoire associe au C.N.R.S. 
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BOSONIC VIEWPOINTS IN NUCLEAR STRUCTURE 
K. Bleuler 

Institut fur Theoretische Kernphysik der Universitat Bonn 
Nussallee 14-16 D-53oo BONN W-Germany 

Through the advent of the quark structure of hadrons the convent
ional boson theory of nuclear forces has been seriously question
ed; it thus appears worthwhile to summarize its successes and 
shortcomings: First of all, the 1-boson exchange of fry <rftjfi>$ 
leads to a natural and detailed interpretation of the experiment
al NN-scattering data. It must, however, be stressed that the 
2-pion exchange which was so far replaced by the exchange of an 
"unphysical" <r-boson(in other cases by dispersion relations) 
has to be calculated in all details: The corresponding higher 
diagrams(crossed pion lines and so-called box diagrams contain
ing the A -resonance)lead, in fact, to a characteristic repulsive 
effect in the calculation of the properties of nuclear matter 
(influence of the Pauli principle in the additional intermediate 
states ). Explicit computations with the help pf Brueckner's 
theory or the HNCA(both methods by now agree! )show that the 
direct insertion of an unchanged nuclear potential '(satisfying 
the scattering data)leads to a definite disagreement(too high 
density)with experimental data. In addition, we .have also check
ed through the introduction of bosonic variables into an enlarg
ed state function of nuclear matter that the 2-boson exchange . 
plays by far the most important role. (A complete treatment 
of this exchange calls, in addition, for the explicit introduct
ion of the #-/T"-interaction) . As a second point the question 
arises whether boson theory is still suited for an interpretat
ion of the well-known properties of the nucleon-antinucleon(NN)-
-system. Here, the vector bosons, which so far generated the re
pulsive core in the NN-system(it is responsible for the saturat
ion properties of nuclear matter as well as for the suppression 
of higher exchange terms), lead through their G-parity to a 
short-range attractive potential and hence to a new kind of_. 
strongly bound states and resonances. Recent calculations, in 
particular a boson theoretical determination of the widths of 
these levels, showed;strangely enough#that relatively reasonable results could be obtained for the density of bound states and 
the energies and widths of the low lying resonances. It might be 
that the centrifugal barrier is reducing the effect of higher ex
change terms which could by now be of great importance. On the 
other hand, it was realized that these results depend in a 
crucial way on the form factors(cut-off masses)which had to be 
introduced from the outset at the various boson-nucleon vertices. 
It would, of course, be desirable if these masses(for which 
characteristic values were obtained)could be determined from a 
quark theoretical viewpoint. The diameter of the well-known MIT-
-bag is in this respect by far too large and will lead to a com
plete change of this conventional theoretical description. 

DHolinde et al N.P. A242 (1975) 429, 2) Holinde et al P.R. C19_ (1979) 948 
3)B.D.Day, Eev.Mod.Phys. 5o (1978) 495, R.B.Wiringa and V.R.Pandharipande, 
N.P. A299 (1978) 1, 4)Schutte and Ferchlander, to be published 

5)F.Hupe and L.Heins, thesis, Bonn 1979, to be published. 
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THE BOUND STATE SOLUTION OF THE P-P SYSTEM WITH COMPLEX SQUARE 
POTENTIAL AND THE ANALYSIS FOR THE P-NUCLEUS SYSTEM 

Yu You-wen Zhang Zong-ye Wu Hui-fang 
Institute of High Energy Physics,Academia Sinica 

Beijing,The People's Republic of China 
In the recent years,the narrow width resonances and the bound 

state structures have been discovered near the p-p threshold"The 
purposes of this paper are:1)To explain the narrow width structures 
and 2)To discuss the possibility for the existence of the antipro-
ton-nucleu3 bound states. _ 

A. The bound state solution of the p-p system with complex 
square potential 

Using a complex square potential with finite depth to describe 
the complicated annihilation effect,we have 3olved this equation 
exactly for s.p.d waves,and have discussed the relations between 
the parameters and the real and imaginary parts of the eigenvalues-
The energy levels raise as the depth parameter of the imaginary 
part k increases(while other parameters are fixed),but the widths 
are not always widened with it.After arriving at a limiting value, 
the widths becomes narrower with the increasing of k.W* conclude 
that 

1)In a reasonable region of the parameters,there exists eight 
narrow bound state structures with the width from a few Mev to 
several tens of Mev below threshold energy. 

2)The perturbation method can not be applied to calculate the 
widths of the levels for a complex square potential when the depth 
of its virtual part is much larger than that of the real part. 

3)In order to exhibit stronger absorption effect in the complex 
potential model,it is necessary not only to increase the depth of 
the imaginary potential,but also to increase the range of the 
potential. 

B. The possibility for the existence of the bound antiproton-
nucleus system 

The possibility for the existence of the narrow width structure 
in the p-nucleus system is discussed qualitatively by using the 
complex shell model theory.Qualitative analysis indicates that the 
repulsive coherent states might exist in the p-nucleus system.The 
argument is that the sign of the width calculated from the residual 
interaction for these states is opposite to that calculated from 
the average field.The physical picture is very similar to the GDR 
in low energy nuclear physics.These structures are very salient in 
the antiproton-one nucleon hole nucleus system.Probably,it is useful 
to use these nuclei as targets to look for the bound antiproton-
nucleus system. 

1JK.Kilian and B.Peitrzyk,International Conference on High Energy 
Physics and Nuclear Structure (Vll) ,(1977). 

C.B.Dover and M.Ooldhaber,Phys.Rev..D150977),1997. 
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THREE-BODY FORCE IN BOUND TRINUCLEON SYSTEM 
WITH EXPLICIT A(1236) COMPONENTS"!" 

S. N. YANG 
Department of Physics, National Taiwan University, 

Taipei, Taiwan 107, ROC 
Efforts have been made to calculate the properties of the 

trinucleon bound state in the framework of Faddeev equations, 
which, in addition to the dominant pure nucleonic configurations, 
also include the NNA wave-function components. One of the ad
vantages of this approach is that the effect of the three-body 
force due to the excitation of one nucleon into A on the tri
nucleon binding energy can be studied in a natural fashion. 
However, the retardation effects of the exchanged mesons as 
shown diagrammatically in Fig. 1(a) with A in the intermediate 
states are left out in the above procedure. 

.''A 

(a) (b) 

v 2 V — " f 

A — A 

^ ~ 
(c) 

Fig. 1 
The diagram of Fig. 1(a) can best be studied by noting that 

it is equal to the difference between Fig. 1(b) and Fig. 1(c), 
where Fig. 1(b) is a Feynman graph and the blob in Fig. 1(c) 
represents a transition potential V2 for generating a NA con
figuration from two nucleons .through one-pion exchange. Fig.1(b) 
has been investigated before and the problem reduces to 
calculating the potential V 3 corresponding to Fig. 1(c) which 
can be done by using V2 as derived in Ref. 3. 

The contribution of V3 to the binding energy of triton is 
being evaluated with a realistic wavefunction and the numerical 
results will be presented. 
T Supported by the National Science Council of ROC. 
(1) Ch. Hajduk and P.U. Sauer, in "Few Body Systems and Nuclear 

Force I", ed. by H. Zingl et al, Springer-Verlag, Heidelberg, 
1978, p.163; E.P. Harper, Y.E. Kim and A. Tu'uis, ibid. p.153. 

(2) S.N. Yang, Phys. Rev. CIO, 2067 (1974). 
(3) H. Sugawara and F. Von HTppel, Phys. Rev. 172, 1764 and 185, 

2046 (1968). 
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MULTIQUARK STATES IN NUCLEI 
C. W. Wong and K. F. Liu 
Department of Physics 

University of California 
Los Angeles, CA 90024 

In the quark model of particle structure, nucleons are made up of more 
fundamental fermions called quarks. Since nucleons are known experimentally 
to have rather large sizes, interesting new multiquark states might be expec
ted when nucleons overlap strongly either in nuclei or in nuclear reactions. 
Such multiquark hadronic states have been predicted both in the MIT bag 
modeM and in potential models? to have masses higher than those of their 
constituent hadrons. A typical multiquark state exists partly in confined or 
closed colored channels and partly in unconfined or open hadronic channels. 
However, when theoretical models for these multiquark states are examined, 
they are found to have imposed constraints or boundary conditions even in the 
open channels. What then might be the physical significance of the calcula
ted multiquark states which are confined by "perhaps artificial confining 
boundary conditions'^? 

We argue that the boundary condition imposed in the open channels selects 
a discrete subset of scattering states in the continuum. These states will be 
called nodal states (NS), because the channel wave function in an open channel 
is suppose4 to vanish at the boundary. To the extent that the strong-inter
action dynamics resides inside the boundary, the calculated masses of multi
quark states give the energies of these NS. In other words, multiquark states 
are the internal parts of NS. 

Nodal states are not resonances, but they are related to them. Their 
relation is studied with the help of an infinite square well coupled to a 
finite square potential. We find that to each NS whose internal normalization 
has significant contribution from the closed channel, there is associated a 
prominent resonance nearby in energy. We also find NS-resonance pairs in the 
entrance channel. Other NS-resonance pairs are expected from null states 
caused by the Pauli exclusion principle on scattering composites of identical 
fermions. In addition, "accidental" NS are expected in the entrance channel 
with no associated resonances at finite distances from the real momentum axis. 
We also find that sharp resonances and their NS tend to disappear from the 
elastic channel with energy average or strong inelasticities. 

We make detailed nodal analyses of S-wave hadron-hadron phase shifts, of 
the type first proposed by Jaffe and Low.3 We find a -"atisfactory agreement 
between observed and calculated NS expected of two- and four-quark nonexotic 
mesons. In dinucleon and exotic meson channels, the observed NS do not appear 
to be multiquark states. The possibility of finding additional structure in 
the PP^SQ phase shift due to an expected multiquark state is discussed. 
Finally-we suggest that future resonance analyses should also be made in a 
manner consistent with the number and locations of NS implied by the phase 
shifts used. 
TThis work was supported partially by NSF. Contract No. PHY78-15811. 
1. R. L. Jaffe, Phys. Rev. D 15_, 267 (1977); 15_, 281 (1977). 
2. K. F. Liu and C. W. Wong, unpublished. 
3. R. L. Jaffe and F. E. Low, Phys. Rev. D 19_, 2105 (1979). 
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maa MoasnoK mumm OF BBJTKBOI wm FACTOR osma FULLT ABTISBWBIHIZBD 

WMBK aOSTBBS 

iron K. Jain 

Huelaar Physics Division, B.A.B.C,, Bombay 400 085, India 

A. Hoy 

fat* InsUtuta of Fundamental Research, Bomi ahabha Road, Bombay 400085, 
India. 

Jn the conventional nualaar dynamics high momentum ooapooenta are not 
expected to arisa doa to nucleon-nuoleon (B-S) interaction. The high 
momentum components observed in tba elastic*) and inalaatio form factors of 
tho deuteron aa vail aa other nuclei 2) should therefore arisa daa to tha 
internal stmotnra of the nueleona. Previous attempts using dimensional 
counting In tba framework of a scale-invariant quark nodal hava qualitatively 
accounted for these high momentum components5'. In this work ira describe the 
deateron by a fully antlsymaatrised (in colour, spin and space) six quark wave 
function in tha cluster modal. Gaussian functions ware usad for both tba 
3 quark internal and relative (HJJ) spatial wave funotlnn. The elastic fom 
factor i s than a sun of direct and exchange terms 

,9. , » . ..single 2% .doable > 2 , 
'total W ) = 'direct Mr) * 'exchange Ml > * 'exchange MT J 

The behaviour of tha dire at tern 
depends only on the else of the 
deateron while the exchange terms are 
•or* sanaitiva to the internal struc
ture of the nucleon. 

The contrlbatlona of the single 
and doable quark exchange terns to the 
overlap Integral are found to be equal. 
Tha two exchange terms add to increase 
the overlap in the triplet (3=1} state 
while they cancel each other in the 
singlet (3=0) state of the deateron. 
Therefore the effective H-S interac
tion in oar picture i s stronger in the 
triplet state than in tha singlet 
state. 

As seen in the figure the calcu
lations are in good agreement with 
experiments) for the elastic form 
factor of the dsuteran only when ttae 
contributions from exchange terms are 
considered. Extension of this pic
ture to HJS behaviour in other nuclei 
la also expected to explain the 
observed high aomantum components 
without incorporating them in the 
H-H Interaction. 

1. R.G. Arnold et a l . , Pbys. Rev. Lett. S&, (1975) 778 
2. 3 . irankal e t a l . , Phys. Rev. Lett. & (1976) 642 
S. 3.J. Brodsky and B.T. Chsrtok, Phya. Hav. Lett. 37 (1976) 869 
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A COMPARATIVE STUDY OF PAIRING AND qUADRUPQLE 
COMPONENTS OF EFFECTIVE INTERACTIONS 

V.K.B.Kota and S . P . Pandya 

Physical Research Laboratory 
Navrangpura, Ahmedabad 380009, India 

V. Potbhare 

Physics Department, M.S.University of Baroda 
Baroda 390002, India 

Schematic interactions such as pairing and quadrupole have played an 
important role in development of nuclear models. However, for most practical 
calculations one uses highly complex realistic or effective interactions. It 
would be of great interest to obtain a quantitative measure of pairing and 
quadrupole strength in a given effective interaction, and to compare pairing 
and quadrupole contents of many such interactions. The only availaHe tech
nique for doing so is the spectral distribution methods of French. We have 
examined a large number of effective interactions in ds and fp shells by 
constructing for each an empirical interaction (a linear combination of pair
ing and quadrupole operators) such that its correlation coefficient with the 
parent effective interaction is maximum, and the spectral widths for the two 
are identical. The correlation coefficients are calculated using traces of 
products of Hamiltonian operators in scalar as well as scalar-isospin spaces 
of m particles. Thus the varying nature of the interaction with the number 
of particles and isospin is clearly demonstrated. The calculations show that 
different effective interactions differ substantially in their pairing conte
nts. The effects of core excitation and subsequent renormalisation of the 
interaction is also brought out. 

Several different ways of parameterising the empirical interaction are 
considered, e.g. H l , 2 = S P E + al,2 Q + b 1 2 P 

where SPE denote the usual shell model single particle energies, Q and P 
define standard quadrupole and pairing operators, and suffixes 1 and 2 denote 
calculation of the correlation coefficient by talcing averages over all the 
states with fixed particle number m or over all the states with fixed particle 
number m as well as T. The following table gives some representative values, 
for (dsj 8, where c^ and C2 are correlation coefficients, a2 and b2 are calcu-

al b l cl a 2 b 2 c 2 
KU0-G -0.070 0.142 0.753 -0.061 0.249 0.760 
K + 12 FP -0.106 0-135 0.779 -0.093 0.245 0.795 
Pff -0.134 0.205 0.741 -0.120 0.355 0.754 
lated for T=0, KU0-G denotes the G-matrix elements calculated by Kuo and 
Brown, K + 12 FP is defined by Halbert et al. and PW denotes the Preedom-
Wildenthal interaction. 

T.T.S. Kuo and G.E. Brown, Nucl. Phys. A114 C1968) 241 
E.C. Halbert et al. Advances in Nuclear Physics Vol. 4 
B.M. Preedom and B.H. Wildenthal, Phys. Rev. C6 [1972) 1633 
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SPHERICAL ORBIT OCCUPANCIES AND STRUCTURE OF 
EFFECTIVE INTERACTIONS FOR Z=3O-40 NUCLEI 

V.K.B.Kota and S . P . Pandya 

Physical Research Laboratory 
Navrangpura, Ahmedabad 380009, India 

V. Potbhare 
Physics Department, M.S.University of Baroda 

Baroda 390002, India 
In recent years, vast amount of data is getting accumulated for the 

nuclei with Z=30-40. So far little attention is paid to understand the 
structure of these nuclei from a microscopic stand point. As a part of our 
programme 'on the study of the structure of these nuclei', we calculated the 
spherical orbit occupancies in order to learn about the impoi-tance of lgg/2 
orbit. Norms of various IR parts (in scalar and scalar-T) of effective 
interactions are studied and also the variation in the strength (with parti
cle number and isospin) of pairing and Q.Q operators, when the effective 
interaction is expressed a? a linear combination of these two operators, is 
studied. Configuration proton-neutron spectral averages are usedl) to 
extract out the occupancies of P3/2, fs/2> Pl/2 and gg/2»orbits (see table). 

Nucleus Protons Neutrons Nucleus ±5/2 Kg/2 f5/2 g9/2 

7n G e 0.12 (0.05)* 0.02 (0.00) 0.60 (0.65) 0.16 (0.08) 
7°Ge 0.13 CO. 002) 0.03 (0.00) 2.62 (3.20) 1.57 (0.89) 
7fi S e 0.46 (0.29) 0.12 (0.06) 2.43 (2.83) 1.70 (1.21) 
7 6Se 0.97 (0.37) 0.10 (0.05) 4.08 (4.70) 4.12 (3.31) 
7 6Kr 1.79 (1.64) 0.57 (0.43) 3.43 (3.92) 2.71 (2.09) 
8 0 K r 2.68 (1.84) 0.45 (0.34) 4.70 (5.19) 5.63 (4.82) 
8 2Sr 3.76 (3.23) 1.21 (0.88) 4.81 (5.15) 5.61 (4.87) 

We used Kuo's2) Bare and renormalized interactions with 5 6Ni as a core and 
the single particle energies (ESPE) are taken from 57ui spectrum. The 
present study clearly demonstrate that gg/2 orbit is quite important for 
Z or N>34. Renormalization has the influence of enhancing fs/2 orbit occu
pancy for protons and Kg 12 orbit occupancy for neutrons. A study of the 
induced single particle energies (ISPE) reveals that upon renormalization, 
ISPE get anticorrelated with ESPE and the v=l part of the interaction gets 
reduced by 50% (goes from 65% to 30% of the total H). A complete study of 
occupancies and the structure of various effective interactions for Z=30-40 
nuclei vis-a-vis the experimental Tesults will be reported elsewhere. 

1) V.K.B. Kota and V. Potbhare, Nucl. Phys. A 331 (1979) 93 
2) T.T.S. Kuo (private communication to K.H. Bhatt) 

numbers in the brackets are for the Bare interaction, others are for the 
(3p - lh + 2p + 4p - 2h) renormalised interaction. 
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RENORMALIZATION OF THE IBA HAMILTONIAN FOR THE EFFECTS OF THE g-BOSON+ 

Keith A. Sage and Bruce R. Barrett 

Department of Physics, University of Arizona, Tucson, AZ U>721 

In a recent letter , Otsuka, et a l . ) discuss the necessity of renormaliz-
ing the single-boson energy E used in their phenomenological IBA Hamiltonian 
when f i t t ing low-lying energy levels in the Ba isotopes. We find 2) that this 
renormalization can be explained in part by including the effects of a "g-
boson" through the use of second-order Rayleigh-Schroedinger perturbation 
theory. The perturbation is taken to be the quadrupole-quadrupole, proton-
neutron interaction -KQ-J-CLJ, where we have used a two-body quadrupole opera
tor because we consider interacting pairs of fermions. Pairs of protons and 
neutrons, each in a single j - s h e l l , are separately coupled to good angular 
momentum J_ and J v and the resulting proton and neutron states are then coupl
ed to total angular momentum J. The intermediate states have either J„ = 4 
or 0 V = 4 (proton g-boson or neutron g-boson). I t is found that the correc
tion term consists of monopol e-ntonopole, quadrupole-quadrupole and hexadeca-
pole-hexadecapole terms. Only the monopole-monopole correction is considered 
here. 

The energy denominator for each 
contributing second-order diagram is 
evaluated using the f irst 2+ and 4 + 

levels of 134xe (protons) and 130sn 
(neutrons). The parameter K is cho
sen using the single-particle values 
of Kisslinger and Sorensen3) because 
no two-body Q-Q parameters are avail
able. The radial integrals in the 
calculation of the matrix elements of 
Q -̂Q.j were evaluated using harmonic-
oscillator wavefunctions. 

The resulting perturbative mono-
pole-monopole correction is given by: 

HCUTftON HUWBOI 

v,(L=0) - K

Z A~ 4 / 3 [ 6x lO ' 6 (n i i . + n. n ) 
' i d d \»' 

+ 2xlO"5 n d n d 

where n„(n^) is the number operator for proton (neutron) bosons and A. ((L ) 
is the number operator for proton (neutron) d-bosons and where for the" u 

Ba isotopes K = 116A-z/3MeV's. This correction was used to calculate the 2} -
0 | splitt ing for IZofia to 138Ba; the results are shown in the figure above. 
The open circles are the results of Otsuka, et a l . 1 ) , the triangles are the 
present calculation assuming a constant single-boson energy t (the closed-
shell value) in the IBA Hamiltonian renormalized in second-order by the 
effects of the g-boson, and the crosses are the splittings found using the 
same constant e in the IBA Hamiltonian but with no correction due to the g-
boson. The figure shows that while part of the renormalization is due to 
changes with neutron number in the matrix elements (crosses), the effects of 
the g-boson further renormallze the closed shell value of c and these effects 
have the proper trend with neutron number. 
" ^ I s work was supported in part by the NSF, Grant No. PHV-7902654. 
1. T. Otsuka, A. Arima, F. lachello and I . Talmi, Phys. Lett. 76B (1978) 139. 
2. K. A. Sage and B. R. Barrett, submitted to Physical Review C. 
3. L. Kisslinger and R. A. Sorensen, Rev. Mod. Phys. 3J[ (1963) 853. 
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NUCLEAR STRUCTURE EFFECTS ON PARITY VIOLATIONS IN LIGHT NUCLEI 

B.A. Brown, N.S. Godwin and W.A. Richter 

Nuclear Physics Laboratory 
Oxford University 

Keble Road 
Oxford 0X1 3RH England 

The weak interaction between quarks produces a parity violating 
interaction between mesons and nucleons which in turn gives rise to parity 
mixing in nuclear levels. There has been a great deal of experimental 
effort to measure the effects of this parity mixing in light nuclei via 
Y-ray circular polarization, Y-ray asymmetry and parity forbidden a capture 
widths*). In this work we use microscopic models for the nuclear many-body 
wave functions in order to relate the various measured quantities to the 
strengths of the two-nucleon parity violating matrix elements. The new 
features of our work are (1) that the parity violating matrix elements 
between two states <i|if }HpV j<J>i> are calculated exactly using two-body 
transition densities (as opposed to an approximation in which Hg v is treated 
as an effective one-body operator) and hence [2) it is straightforward to 
investigate the sensitivity to nuclear structure problems such as model-space 
truncation and the related core-polarization contribution, spurious centre-
of-mass motion and uncertainties in the effective (strong) interaction. In 
addition we calculate the El electromagnetic transition rates between the 
low-lying opposite parity states; these El matrix elements are very 
sensitive to the nuclear structure problems mentioned above. 

The calculation of the two-body transition densities has been 
facilitated by the development of a new shell-model code at Oxford by 
N.S. Godwin and W.D.H. Rae2). In this code a linearly independent (but non-
orthogonal) basis with definite (J,T) value is constructed by (J,T) 
projection from a suitably chosen random subset of the m-scheme states. Thus, 
matrix elements can be conveniently calculated between the m-scheme states in 
occupation number formalism but the dimension of the Hamiltonian matrix is 
just the number of states with a definite (J,T) value. 

Our initial calculation has concentrated on the effects due to 
charged pion exchange which contribute to the AT=1 matrix elements. The 
pion-nucleon weak interaction is particularly sensitive to the weak neutral 
currents between quarks1). Of particular interest are AT=1 transitions in 
5Li, l DB, 1 8F, 1 9F, 2 0Ne and 2 1Ne. We also plan to include other AT=0,1 and 
2 weak interactions on a phenomenological level. 

1) D. Tadic, Rep.Prog.Fhys.4^,67(1980) 
2) N.S. Godwin, D.Phil.Thesis, Oxford (1980). 

39 



K" = 0" BAND AND POSSIBLE OCTUPOLE DEFORMATION IN THE MASS 
REGION 220 < A <_ 235+ 

R. R. Chasman 
Chemistry Division 

Argpnne National Laboratory 
Argonne, I l l i no i s 60439 

The low-lying K" = 0" band i s a most notable feature of even, nuclides 
in the mass region 220 < A < 235; occuring at an exci tat ion energy of only 
216 kev i n the nuclide 224R 3 . Apart from rotational s tates, the l - member 
of th is band i s the lowest ly ing excited state to be found in even nuclides. 
In order to develop an understanding of nuclear structure in th is mass 
region, and to explore the poss ib i l i t y of permanent octupole deformation, i t 
is necessary to treat the interactions giving r ise to th i s band in a non-
perturbative way. 

To study th is region, we use the Hamiltonian 

-£V4s<LW»^|i>a.\a4£<Al^,«U>alax(|) 
where the symbols have their conventional meanings. Our pair ing interaction 
is a somewhat more rea l is t i c version of monopole plus quadrupole pair ing; 
the quadrupole and octupole interactions are of the multipole-multipole 
form. 

The solutions^) that we obtain fo r th is Hamiltonian are of a generalized 
product form, i n which pairing and part icle-hole excitations are treated in 
a completely equivalent way; these solutions conserve par t i c le number and 
par i ty . We are able to t reat odd nuclides as well as even nuclides; high 
senior i ty s tates, and groups of up to f i ve doubly degenerate levels in each 
of the product terms. 

The code that we have developed is being applied to analyze the known 
levels i n the odd and even mass isotopes of Ra, Th and U, to obtain a con
sistent set of single par t ic le energies and interaction strengths. We 
apply the output of th is analysis to study the l ighter isotopes in this 
mass region. We shall point out the nuclides in th is region that are most 
l i ke l y to display permanent octupole deformations, and the pari ty doublets 
that are the signature of th is mode for K f 0 states. 

+This work was performed under the auspices of the Division of Nuclear 
Physics of the U. S. Department of Energy. 

1. R. R. Chasman, Phys. Rev. Letters 42 (1979) 630. 
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EFFECTIVE HAMILTONIAN IN THE PROTON-NEUTRON INTERACTING BOSON MODEL 
T. Otsuka 

Japan Atomic Energy Research Institute, Tokai, Ibaraki, 319-11, Japan 
The effective Hamiltonian of the proton-neutron interacting boson model (P-N IBM) 1) is derived microscopically, and the P-N IBM is tested by comparing spectra produced by the derived Hamiltonian with those obtained by the shell model diagonalizations. 
The nucleon configuration space is assumed for simplicity to consist of degenerate g7/2> d5/2, d3/2» s-j/2 single particle orbits. The same space is taken for both of protons and neutrons. The proton-proton and neutron-neutron interactions are the surface delta interaction with strength G. The proton-neutron interaction is of the same type (strength 0.3-G) with the quadrupole-quadrupole part enhancement by factor 1.5. Results of the shell model calculations are shown in the figures (SHELL). Four particles are taken for both of protons and neutrons in the left figure ("p-p"), while four proton particles and four neutron holes are taken in the right figure ("p-h"). 
Collective nucleon pairs of 0; 2, 4; 6 + are uniquely defined in the present cases 2), and the 0 + and 2 + pairs correspond respectively to the S-and D-pairs introduced in the Otsuka-Arima-Iachello method (OAI) of the microscopic foundation of the P-N IBM 3). By applying the OAI method to the present two cases, the P-N IBM Hamiltonians are obtained, and spectra produced by the Hamiltonians are shown in the figures (IBM). 
Discrepancies between the shell model and the P-N IBM results are noticed in the figures. Effects of states which can not be constructed only by the S-and D-pairs are neglected in these P-N IBM calculations, and this causes the discrepancies. In order to take into account the effects, matrix elements of S-D states are renormalized by the Feshbach method1*), and parameters in the P-N IBM Hamiltonian are calculated from the renormalized S-D matrix elements by the OAI method. Agreement with the shell model results is appreciably improved as shown in the figures (IBM(ren)). Note that the P-N IBM Hamiltonian still consists of one- and two-body terms. The P-N IBM seems to be a good approximation, if the renormalization effects are properly included. 

E/G 

6 _ °+ \ ^ = > s + 

2 - 2* ^^ 
2 + 

o L o + o + 

IBM SHELL JBM(ren) 

1. T. Otsuka, A. Arima, F. Iachello and I. Talmi, Phys. Lett. 76B (1978) 139. 
2. K. T. Hecht, J. B. McGrory and J. P. Draayer, Nucl. Phys. A W (1972) 369. 
3. T. Otsuka, A. Arima and F. Iachello, Nucl. Phys. A309 (1978TT. 4. H. Feshbach, Ann. Phys. (N.Y.) 5 (1958) 357; V). (1962) 287. 
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THE SYMMETRY OF ANGULRR MMEHTDM IMPOSES LJMETATICMS ON 1HE INDEPENDENT 
PARTICLE tBOElJ 

G.S. Anagnostatos 
Tandem Accelerator Laboratory 
Nuclear Research Center "Denokritos" 
Aghia Paraskevi-Attiki-Athens,Greece 

1 2) 
It has been found ' 'that the quantization of orbital, spin,and total an

gular ncmenta,in fields of central symmetry, corresponds to synmetries of regu
lar or quasi-regular polyhedra, which inherently include this synmetry. for 
example, axes through the vertices of an octahedron correspond exactly to the 
orbital angular mcrosntum fc1 (taken as a constant of motian;rog0,±1) ,whTle axes 
through the vertices of a dodecahedron correspond to JU2 (m»-0,±1 ,±2) etc., 
with respect to a cairoon quantization axis1'. Also, axes through the middles of 
edges of a cubcctahedron correspond to the quantization of direction of the*) 
spin 1/2 (when spin is taken as a constant of motion,e.g.in s-states). When 
total angular momentum j is a constant of motion{and of course, in the general 
case, neither S. nor s necessarily have as directions those prevloulsy descri
bed},the quantization of direction for j (m.=±1/2,±3/2,...) again corresponds 
to the geometry of the same polyhedra. 

It has been proved that the "law of 
addition" of angular momenta is exactly 
valid- for the j determined above. Thus, 
an assignment of a pair of values j .nu ,to 
each j can be made with confidence.Hr 
addition (since an even number of neu
trons or protons or both always couple 
their ] to a total J=0,while an odd number 
of neutrons or protons or both always 
coupletheir j to JjlO), a distinction be
tween j for protons (x-A/2)and j for 
neutrons (T=l/2)is made. The case of p-
states is presented in the figure, where 
each arrow is specified with a set of 
five quantum numbers (n, J,, j.m., and T) . 
Arrows with different T are connected via 
reflections through each of the two T-
planes, while arrows with different n are connected via reflections through 
the n-plane of syntnetry and are omitted. 

It is very interesting to notice that p1/2-states lie on the n-plane and 
thus their reflections do not give any new ], thus only 1p1/2-states may have 
an IPM motion. That is, when the 2pi/2-states show up, these states have a de
pendent motion with the 1p1/2 states and consequently collective phenomena 
emerge. Also,p3/2-states nay have an IPM notion only when ns2. For n=3(well de
formed region) neither 3p1/2-nor 3p3/2-states have an IPM notion. The same is 
true for all I values and n>3 (superheavy region). Also, lack of independent j, 
and thus dependent particle motion, exists in many areas of the chart of the 
nuclides. Thus, the symmetry of angular momenta, in fields with central symme
try, imposes limitations on the H M which may cause changes in the shape (e.g. 
deformation) and the mode or excitation (e.g.rotational bands) of the correspon
ding nuclei. Of course , these 1 nitations may not be the only source of such 
collective phenomena. 

Work supported in part by the Public Benefit Foundation ALEXANDER S.CHASSIS 
1 .G.S.Anagnostatos, Lett. Nuovo Omenta 22(1978) 507 
2.G.S.Anagnostatos,Greek Atomic Energy Catmission report DEM0(1980) (to appear) 
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VALIDITT OF PPQ INTERACTION AND THE DYNAMIC DEFORMATION THEORY 
FOR 3(E2) VALUES IN 146-150Nd 

J.B. Gupta 
Ramjas College, University of Delhi, Delhi India 
The transitional nuclei near A=150 and A=190 provide a 

challenge for a consistent nuclear theory. The dynamic defor
mation theory of Kumar -Baranger (KBV based on pairing-plus-
quadrupole interaction approximation") which provided an 
understanding of the shape transitions in Pt-Os-W region and 
152sm has been used to study its validity in the weakly deformed nuclei. By taking inco account the delicate balance 
between the pairing and quadrupole forces existing in the soft 
core nuclei we have shown that even for the N=88 transitional 
nuclei " " g ^ and "Osm, the PPQ model treated in the dynamic 
approach of KB explains the B(E2) values and branching ratios 
for interband transitions2). The 146-150iid nuclei exhibiting 
a sharp variation in the S4./E2 ratio at N= 86-90, axe studied 
to further test the validity of the PPQ model interaction and 
to elucidate the structure of these nuclei. 

The calculated potential energy surfaces exhibit axially 
prolate symmetry and* show a variation in fi0 from 0.24 te 0.20 and in Vflof from 2.4 V to 0.5 V at N=90-B8, with a spheriGal 
minimum ax N=86 isotope. The calculated energy levels of I$4 
in the three lowest bands are reproduced fairly well. The 
B(E2; 0 -» 2) for 2-|, 22 and 2j states and Q(2+) compare well 
with coulomb excitation data. The larger B(E2; 2 5 -» 0)/B(E2; 2j -» 2) ratio compared to B(E2; 22 -* 0)/B(E2; 2? -» 2) for the 
three isotopes, with the least difference in 14bNd, and the 
variation with II is reproduced (Table 1) 

Transition 
£ f f f 

''>UNd 
EX TH 

^ B N d 
EX TH 

^ d 
EX TH 

B(E2) ratio 
2 2 0/2 0.11 0.02 0.034(8) 0.07 0-11(3) 0.07 
2 3 0/2 0.42 0.4 0.60(12) 0.60 0.15(2) 0.14 
B(E2) e2b2 0 2 2.72(4) 2.70 1.36(3) 1.72 0.76(2) 1.09 
0 22 0.012(1) 0.005 0.020(2) 0.033 0.073(6) 0.053 
0 23 0.076(5) 0.11 0.084(5) 0.065 0.014 
Q(2+) eb -1.69(37)-1.50 -1.36(30) -1.21 -0.72(20) -0.91 
K= 0 + component in % 
2 2 94 
23 6 

64 
38 

51 
50 

1. K. Kumar, in The EM interaction in nuclear spectroscopy, 
ed. W'.D. Hamilton (Korth-Hollcnd, Amsterdam,1975) ?• 55 

2. J.B. Guata and K. Kumar, Kucl. Phys. & oolid 6t. Fhys. 
(India) 20B (1977) 30; 21B (1978) 19 and to be published. 
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NEW SEHIEHPIRICAL MOMENT METHOD FOR CALCULATING 
AN EFFECTIVE NUCLEAR INTERACTION 

B. J. Dalton, D. Reed-Margetan, and F. Margetan 
Ames Laboratory* and 
Department of Physics 
Iowa State University 
Ames, Iowa 50011 

Past numerical calculations have demonstrated that the density of 
states for a finite space shell model is very near Gaussian in shape, and 
as a consequence, easily reproduced by a low moment expansion. Within the 
validity of the shell model we expect that the lower edge of the Gaussian 
to reproduce the experimental state densities up to some energy determined 
by truncation of the basis. Using the two moments of H as parameters we 
have recently shown that the Gaussian gives an excellent fit to the state 
densities for nuclei in the sdf region. To use these empirical moments to 
determine constraints on the Hamlltonian we turn to Ginocchio's moment 
reduction formula which has the form <P> = £if.j(n,Z,N)Di(V,e) where the 
fi are known statistical factors completely determined from the neutron 
number (n), proton number (Z) and number of single particle states (N). 
The "basic sums" Di(V,e) depend only upon the one and two body matrix 
elements of H. For example, the first moment of H is given by 

<H>= fti^w + {z^cp) - iaga t r» 1 J i a (« . ) 

The si represents the single particle energies. We determine the "basic 
sums" by using them as parameters to fit the empirical moments of H for 
several nuclei. These basic sums represent empirical constaints on H. Ue 
then assume for V a sum of standard forms V = V 1F 1(r) + V 2F 2(r) o-a + ... and use the basic sums to determine the potential strengths V{. This pro
cedure represents a new method for using empirical information to determine 
a "global" effective interaction for the shell model region in question. 
* 
Operated for the U.S. Department of Energy by Iowa State University under 
contract No. W-7405-Eng-82. This research was supported by the Assistant 
Secretary for Energy Research, Office of High Energy and Nuclear Physics, 
WPAS-KB-03. 
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MULTI-STEP SHELL MODEL METHOD 
R. Liotta 

Laboratoire de Physique Theorique, Universite de Bordeaux, France and 
Research Institute for Physics, Stokholm, Suede 

and C. Pomar 
Departamento de Fisica, C.N.E.A., Buenos Aires, Argentine 

A method to solve the shell-model equations within a basis that 
contaxns correlated pairs of particles was recently presented 1). This 
method was found to be very suitable to make drastic truncations of the 
basis at low spin. In this contribution we extended the method given in 
J to analyse four-and six-particle systems outside closed-shell cores. 

The basic idea here is to use the two-particle spectrum components as 
building blocks to describe the four-particle system. Onoe the four-
particle spectrum is obtained, we use this spectrum and that of the two-
particle system as building blocks to describe the six-particle system. 
The formalism turns out to be very simple. We applied it to analyse the 
lp,t. reactions c ) leading to low-spin states in 2 0^Pb and 206pb and to 
calculate the high-spin states in 2 Q I fPb. A complete calculation in the 
low-spin region would be impossible. There would be, for instance, 
several hundred 2+ states in 2 0 , fPb and several thousand in 2 0 2 P b > s t i l l 

we expect that the lowest states in both nuclei, i.e. states close to 
the yrast line, are contained in a rather small subspace of the total 
space spanned by the corresponding correlated basis (which also spans 
the shell-model space). 

We took the two-particle energies and wave-functions from the cal
culation by J. Blomqvist J) which, including six single-particle levels, 
fits well most of the experimental data in 2°6pb. The calculated quan
tities in ̂ "tpb agree well with the experimental data. For 202Po the 
agreement is not as good but still reasonable 2). in the table we give 
the calculated ̂ O^Pb high-spin states. 

Stat* 2 1 * ao" ao* 19" 17 1"' 17" 

Exp. * 6.098 6.073 5.664 

Thaar. 8.781 8.671 7.707 6.095 6.074 5.669 

Stata 16* 16* 1 5 * 14* 18* 

4 Exp. 5.3*8 4.887 4.J02 4.135 3.516 

Theor. 5.339 4.849 4.306 4.075 3-436 

1. R. Liotta,C. Pomar,B. Silvestre-Brac,Nuov.Cim.22 (1980). 
J.P. Boisson et al., Hucl.Phye. A530 (1979) 307. 

2 . W.A. Lanford, Phys.Rev. 16C ( 1 9 7 7 ) 9 8 8 . 
C. Pomar and R. L i o t t a , Phys .Lett . B, i n pres s . 

3 - J . Blomqvist, unpublished. 
k. Nuclear Data Sheet 2£ (1979) 5&L. 
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A PRACTICAL APEROXIllATIOH TO SEHICEHT SHELL MODEL 

T.K. Gambhir, S. Haq, and J.K. Suri 

Indian Institute of Technology 
Powai, Bombay 400 076, India 

The well known dimensionality problem of the Hamiltonian 
matrices in the shell model (SH) necessitates the need to develop 
approximate methods which should be tractable and at the same 
time should retain a l l the basics of the shell model. The Broken 
Pair Approximation (BPA) developed ) as a useful approximation t o 
SM and an improvement over the projected quasiparticle method, 
genuinely meets these requirements. The BPA configuration space 
includes for an even number of Identical valence nucloons a l l 
the seniority {">?) two components while i t contains a l l configu
rations with T? £ 4 except v = 4 proton components andVe 4 neu
tron components~f or the non-identical (even-even) valence nucle
ons. Various expressions of the physical quantities l ike the 
matrix elements (sue.) of the Hamiltonian, transition rates etc. 
are expressed in a simple,coherent form involving overlaps of the 
BPA basis s ta tes , and are ideal for numerical computation. The 
validity of BPA has been demonstrated ) for identical (even iso
topes of Ca, Hi and H*50 even A nuclei) as well as for non-identi
cal (even Zr isotopes) through an excellent agreement obtained 
between the BPA results and the corresponding SH resul t s . The 
BPA calculations have also been performed for even isotopes of 
Zr, Ho and Ru nuclei using Sussex interaction m.e. and for even 
isotopes of Ca, Ti, Cr and Fe with Tabakin, Kuo-Brown and modifi
ed Sua-Brown sets of interaction m.e. The results in the Zr-
region are exceptionally good while those In the 2p-lf region are 
satisfactory. Some problems regarding the proper choice of the 
effective Interaction m.e. in the 2p-lf region s t i l l remain. Some 
BPA calculations In the truncated valence space have been perfor
med using renormalized sets of rea l i s t i c interaction m.e. both 
in the Zr and 2p-lf regions, for the sake of comparison with the 
corresponding SM and the BPA results obtained with the phenomeno-
loglcal sets of Interaction m.e. These renormaliaed seta of rea
l i s t i c interaction m.e. are calculated using projection method to 
incorporate the effects of the truncation of the valenoe configu
ration space. The agreement between the results in the fu l l and 
in the truncated valence spaces i s particularly impressive. 

The main conclusions of the present investigation are : 
( i ) The BPA has been found to be a valid and useful approximation 
to seniority SH and can be applied with confidence t o other nucl
ear regions ( i i ) The Sussex interaction m.e. are able to reprodu
ce reasonably well the observed nuclear properties in the frame
work of BPA ( H i ) Though the results in the Sp-lf region are rea
sonable, however, the problem of choosing the oorrect set of int
eraction m.e. s t i l l remains (lv) The projection method successfu
l l y incorporates the effeots of the truncation of the valenoe 
space through the renormalization of interaction m.e. 

1. T.K. Gambhir, A. Rimini, and T. Weber, Pays. Rev. 108 (1969) 
1573; Phys. BBV. C3 (1971) 1965. T.K. Gambhir, ana - ?. Han, 
Phys. Rev. 016 (1977) 2456. Y.K. G=-^ir, S. Hag., and J.K. 
Suri, Pfcys. Rev. C20 (1979) 381. 
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BAGS, DELTAS AND NUCLEAR HATTER 

A.W. Thomas and S. ThSberge 

TRIUHF, l»00l» Wesbrook Mall, Vancouver, B.C., Canada V6T 2A3 

B. Day 

Argonne National Laboratory, Argonne, Illinois 60439 

Recently we have been led by considerations of chiral invariance in the 
HIT bag model 1' 2), to a very natural inclusion of the pion as an elementary 
field coupled at the surface. The pion-nucleon system is then described by a 
Hamiltonian which contains NNit and ANTT couplings (with N and A bag states). 
The model specifies both the ANir and NNIT coupling constants and vertex func
tions. The latter are simply [j0(kR) + j 2(kR}], with R = 0.72 fm the bag 
radius which correctly reproduces the (3,3) resonance pion-nucleon scattering. 

In such a model it is immediately clear that the self-energ« of the P33 
resonance in infinite nuclear matter will be altered from its Free value, in a 
density dependent way, by the Paul i exclusion principle3,1*). The figure shows 
the dramatic density dependence of the shift in the (3,3) resonance position 
in a number of models'*). 

Since the intermediate -*p a 
range N-N attraction is 
known to arise partially 
through NA and AA inter
mediate states, the effect 
of the mass increase shown 
in the figure will be a 
new saturation mechanism 
in nuclear matter. In 
ref. "*) we constructed an 
approximate representation 
of this correction poten
tial and showed that it 
moved the saturation point 
for nuclear matter 
significantly to the left 
of the Coester band towards 
the experimental point. 
Indeed for the Hoiinde-Hachleidt (A,550) the Reid saturation point moves from 
(-17.3 HeV, 1.52 firT1) to (-15.6 MeV, 1.41 fm" 1). 

1. G.E. Brown and H. Rho, Phys. Lett. 82B_ (1979) 177; R. Jaffe, Lectures at 
1979 Erice School. 

2. G.A. Hiller, A.W. Thomas, and S. Theberge, Phys. Lett, (in press, 1980) 
and Phys. Rev. (to be published). 

3. R.F. Sawyer, Ap. J. 176 (1972) 205. 
k. A.W. Thomas, S. Theberge, and B. Day, TRI-PP-80-7. 
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A CHIRAL SYMMETRY APPROACH TO THE NEUTRAL PION CONDENSATE 
AND THE ALTERNATING-LAYER-SPIN [ALS] STRUCTURE 

Toshitaka Tatsumi 
Department of Physics, Kyoto University, Kyoto, 606 Japan 

It has been shown, in the framework of the conventional OPE-Hamiltonian, 
that in the neutral pion condensed phase the nucleon system turns into a 
one-dimensionally localized state with a special spin o r d e r — t h e [ALS] 

•where the spin direction changes alternately layer by layer.1 )» z) 
.struc-state Recently Dautry and Nyman have shown another possibility of nucleonic.s 

ture in the neutral pion condensate by using the a-model Lagrangian.3> 
In the present paper we develop a chiral symmetry approach to the 

problem of the neutral pion condensate in pure neutron matter (z=0) by .-*§ 
using the o-model. By introducing "polar variables" (p, t) s.t. wi:nf=pe 
into the a-model Lagrangian, our approach acquires a close connection with the 
previous work 2' and we can successfully discuss in detail two models mentioned 
above. After functionally minimizing the energy density with respect to 
each field variable, we obtain the followi"i coupled field equations in 
the mean-field approximation: 

[E,. + iSv1 - 6M - f/muov^]^.=0 , (1-a) 
i 

_A8 (1-b) 
t ^ / " c = f V * V gr.st. 

where 6# S B ) /6e c =f 1 f ni Z

r s in(9 c / f l r ) and diip/SB ^ ^ s i n f S c / f J with f > V 2 -
Eqs.(l-a) and (1-b) are substantial ones in oar approach and the physical 
features of the condensed phase are essential ly revealed by solving these 
coupled equations self-consistently. We can see that the [ALS] structure 
is also derived natural ly, from the 
viewpoint of the a-model, as one of 
the sets of solutions in good approx- w 

imation. On the other hand, the Dautry-
Nyman model may lose i t s va l id i ty near 
the threshold and in lower densit ies. 

We present some numerical results 
for each model (Fig. 1). The graphic » 
behaviour c lear ly shows the di f ferent 
features between two models. Here we 
remark only one important point. For 
the [ALS] model, nonlinearity of the 
pion f i e l d never acts essential ro les, 
i . e . , the dependency icy pn the type M 
symmetry breaking drCW or JCtt) 
is almost absent. On the other nand, 
the Dautry-Nyman model is very sensi
t ive to the selection of symmetry 
breaking. Furthermore we can see 
that the Dautry-Nyman model is never 
realized in the conventional OPE-
Hamiltonian where nonlinearities 
are absent. 

3V «Flta-'l 
Fig.l. Density dependence of the ground-

state energy per nucleon for the [ALS] 
model and for the Dautry-Nyman model 
taken from ref. 3). 
Solid curves and dashed-dotted curves 
correspond tp^pno typesopf symmetry nd to two 
breaking,JLW andj&i 
tively. Previous result*) is also 
shown for comparison (dashed curve). 

1) R. Tamagaki and T. Takatsuka, Prog. Theor. Phys. 56_ (1976) 1340. 
T. Takatsuka and R. Tamagaki, Prog. Theor. Phys. 58 (1977) 694. 

2) T. Takatsuka, K. Tamiya, T. Tatsumi and R. Tamagaki, Prog. Theor. 
Phys. 59_ (1978) 1933. 

3) F. Dautry and E. Nyman, Nucl. Phys. A319 (1979) 323. 
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A STUDY OF NEUTRAL PION CONDENSATION 
AND ALS STRUCTURE WITH OBEP MODEL 

Teiji Kunihiro and Toshitaka Tatsumi 
Department of Physics, Kyoto University, Kyoto, 606 Japan 

It has been shown that in the ir°-condensed state the baryons form 
the one-dimensionally localized structure with a special spin (-isospin) 
order called Alternating-Layer-Spin (ALS) structure.'"'' 

Here, we propose an OBE (One-Boson-Exchange) approach for the purpose 
of obtaining the equation of state realistically and examining the role 
of the heavier mesons and then give preliminary results. 

We construct an "effective interaction" for baryons from OBEP with 
the effective correlation function g(r)=l-exp(-Ar) which simulate the 
one obtained from G-matrix calculations. For a given parameter A, a few 
coupling constants and mass of the "a" meson which have the ambiguity 
even in the various OBEP's currently used are chosen in the following 
way. First, we calculate the ground state energy of the normal phase 
with direct and exchange energies. The remained parameters are determined 
by fitting the density dependence of the energy of the system to the exist
ing G-matrix calculations. The coupling constants of the mesons to N-A 
and A-A are given by using the quark model. Then we calculate the energy 
of the ALS phase with thus determined "effective interaction", we present 
here two sets of parameters which equally reproduce an existing G-matrix 
calculation^J(mass in HeV). 
Case 2 7 

Adfcn-) fff mrr fn mp frl m D q£ 2 
mn 0m m,.! LII 6 1.01 140 24 770 7.5 550 57 447 251 760 

[II] 6 1.01 140 34 770 11 550 57 466 232 780 

The ground state energies of the ALS phase are shown in Fig. 1. 
We can see that the phase transition occurs at p ^ p j (p 0; normal nuclear matter density). There is a characteristic difference between two cases: 
one ([I]) exhibits the first order phase transition and the other the 
second one. There is, however, a common feature that pressure P=pz3(E/N)/3p 

is positive and the condensed state can exist stably at least in the 
relatively high density region. 

In Fig. 2, we show the contribution from each meson to the energy 
of the condensed or ALS phase in the case [I] of Table 1. The contribu
tion the from "o" and u meson almost cancels each other and n meson never 
plays an important role. On the contrary, p meson, which acts against 
the phase transition plays a crucial role for the stability of the condensed 
phase. The details of the results will be reported elsewhere. 
1) T. Takatsuka, K. Tamiya, 

T. Tatsumi and R. Tamagaki, 
Prog. Theor. Phys. 59 (1978) 
1933. 

2) T. Kunihiro and R. Tamagaki, 
Prog. Theor. Phys. jrt (1979) 
1107. 

3) P. Haensel, Nucl. Phys. A245 
(1975) 528. 
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INELASTIC PROTON SCATTERING ON CARBON AT 80 MEV 
P. Belery, P. Debevec, T. Delbar, J. Deutsch, 

G. Gregoire, R. Prieels 

Institute of Physics, University of Louvain 
B - 1348 Louvain-la-Neuve, Belgium 

In order to test theoretical predictions on precritical 
phenomena in nuclei U , we performed measurements of inelastic 
proton scattering on carbon nuclei. 

The incident particles were accelerated to an energy of 
80 MeV by the isochronous cyclotron of Louvain-la-Neuve. The 
beam was momentum-analyzed before reaching a carbon target of 
0.8 mgr/cm 2. A semiconductor-detector telescope identified the 
reaction products. It was made of a 2 mm-thick silicon surface 
barrier detector (AE) and one or two thick high purity germanium 
detector(s) (E). The latter were cooled to 77° K with a cryo-
stat attached to a plateau rotating around the target. Typical 
beam intensities used ranged from 1 to 400 nA, depending on the 
detector angle. Great care was taken to maintain deadtime of 
the acquisition system below a few percent though a continuous 
monitoring of deadtime losses was available. 

In the first stages of the experiment we used a telescope 
with a moderate resolution since the aim was to measure diffe
rential cross sections on easily separated levels of 1 2 C (ground 
state and excited states at 4.43 MeV, 7.65 MeV, 9.63 MeV and 
12.7 MeV). 

In a second step, the E-detector was a single Ge-detector 
sufficiently thick to stop 80 MeV protons. The overall resolu
tion was greatly improved and we present differential cross 
sections of inelastic proton scattering from the excited states 
at 12.7 MeV (J = 1 + , T = 0) and 15.1 MeV (J = 1+, T = 1). The 
angular range covered corresponds to a momentum transfer of 1 
to 3 pion masses. 

1. H. Toki and W. Weise, Regensburg-preprint 1980 and Phys. 
Rev. Letters £2_, 1034 (1979). 
Cfr. also : Proceedings "Workshop on Program Options in 
Intermediate-Energy Physics", August 20-31, 1979, Los Alamos 
Sc. Lab., Panel N-4 
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NUCLEAR MEDIUM CORRECTIONS FOR THE A-ISOBAR 
M. Oil1ig +, V. E. Herscovitz and M. R. Theodoro 

Instituto de Fisica 
Univarsade do Rio Grande do Sul 

90000 Porto Alegre, RS, Brasil 
It has become clear from recent investigations of medium energy reactions at 
energies around the 33-resonance, that for their quantitative understanding 
A-isobar degrees of freedom have to be included explicitly in a generalized 
many-body systeml). Such a framework seems appropriate to treat medium 
corrections, which crucially influence the i-propagation in nuclei, in detail 
on a microscopic level. 

For an approximate solution of the generalized many-body problem we 
proceed in three steps: 
- we formulate the AN interaction in strong analogy to the NN interaction in 

the meson-exchange picture. Employing effective Lagrangians with coupling 
constants derived from the quark model the one-boson and two-boson 
exchange contributions are formulated; the resulting nonlocal, nonstatic 
and in general complex transition potentials reflect the coupling of the 
AN system to the elastic, the quasielastic and the true two-nucleon 
absorption channel; 

- with this AN interaction as input a simplified Hartree-Fock approach for a 
single isobar being excited in a closed shell nucleus, is formulated. He 
investigate the structure of the low-lying A-states in an effective 
(complex-) single particle potential and draw connections both to the 
isobar-doorway approach1' and to a recent effective shell model approach 
by Danos and Williams^); 

- allowing for the scattering of a pion on a correlated AN.pair we investi
gate finite range and nonlocal corrections for the V ^ ( r ) V term in the 
n-nucleus optical potential and compare - in a local approximation - its 
energy dependence with findings from Lin and Shakin obtained from a 
systematic fit of u-nucleus scattering data 3'. 

+ Permanent address: Institute for Theoretical Physics, University Erlangen-
Niirnberg, Erlangen, W-Germany 

1. E. J. Honiz - invited talk at this conference 
2. M. Danos and H. T. Williams - Phys. Lett. 89B (1980) 169 
3. L. C. Liu and C. M. Shakin - Phys. Rev. C1FT/1977) 333, C19 (1979) 129 
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JASTRCW-TYPE CALCULATIONS FOR"NUCLEAR MATTER" WITH CORRELATION 
FUNCTIONS OBTAINED BY JEANS OF A DIFFERENTIAL FTJUATTON 
B. Kargas, Department of Theoretical Physics, 
University of Thessaloniki, Greece and 
E. Mavrommatis, Department of Theoretical PItysics, 
University of Thessaloniki, Greece and Physics Division, 
N.R.C'Denojcritbs", Aghia Paraskevi,Attikis, Greece 

In this paper we report on low order calculations of the energy of "nu
clear matter" which make use of correlation functions f(r) obtained by means 
of its well known differential equation, derived by functional variation of 
the constrained jho-body energy functional with the healing condition 
p/(1-f (r»2D(r) dr = constant (p is the density of nuclear matter and D(r) 
the radial distribution function of a free Fermi system). The potentials used 
are the test potentials IY and OMY-6. The energy is calculated by including 
the three body terms in its FIY-cluster expansion. 

In this approach difficulty arises in the determination of the 
corresponding Lagrangian multiplier because of the unspecified value of the 
healing integral. We have chosen to determine the related to the Lagrangian 
multiplier X parameter B(B2*nAi2A) by minimizing the ratio ||̂ ,'[ of the 
third to the second term of the FIY expansion of the energy, in a way ana
logous, to the one used previously in the case of a Ajparticle in nuclear 
matter . From the two minima found for the ratio |PJ| in the range of 0 
values considered the choice of the second minimum (which is the less deep) 
appears more appropriate in order to achieve better convergence. With this 
choice for B the results obtained at equilibrium for-bgth potentials for the 
Fermi j/ave number k^the energy per particle E(E ' ) , the healing 
integral H and the normalization integral in first order IN are: 

IY : kp = 1.34 fm - 1, E - - 3.6 MeV, H = . 174, IN - . 83 
OMY-6 : kp = 1.52 fm - 1, E = -10.0 MeV, H = . 241, IN = . 85 

It is seen that the energy values lie above the ones found by other 
approaches , like those of ref .2 and 3. The choice of B corresponding to the 
second minimum appears therefore to lead to quite constrained correlation 
functions and we are currently investigating whether inprovements can be made. 

We thank Prof. M.E. Grypeos for useful discussions and constant interest 
in this work. 
1. S.Ali, M.E.Grypeos and B.Kargas, Phys. Rec. C M (1976) 285 
2. J.C.Owen and R.F.Bishop and J.M.Irvine, Nucl. Phys. A274 (1976) 108 
3. E.Mavrommatis, Nucl.Phys. A3Q1(1978) 65 and references therein 
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INSTABILITY IN RELATIVISTIC NUCLEAR MATTER 
Hirokazu Tezuka 

Institute for Nuclear Study 
University of Tokyo 
Tanashi, Tokyo IBB, JAPAN 

The nuclear matter consisting of equal number of neutrons 
and protons interacting with neutral scalar mesons and vector 
mesons is discussed. Such a nuclear matter is the simplest one 
that satisfies the nuclear saturation * 

It is generally assumed that nucleons moves freely as the 
Fermi gas in nuclear matter. With such an assumption the system 
has the minimum binding energy at the normal density. But at the 
normal density the Fermi gas state is not stable against the 
density fluctuation. 

To show this we evaluate the dimesic function e(k;. The 
detailed form of e(k) is given in ref.2). The condition 
determining the collective modes is given by E(k)=0. Thus we 
study the existence of the solution of eq.(2) with zero energy of 
the collective mode, which means the system considered is unstable 
against the above collective mode. In consequence there exists 
the solution in the wide range of the nucleon density including 
the normal density. 

In this region the Fermi gas state is unstable and scalar 
meson condensation occurs. Non-relativistically the equidistant 
multi-layer structure (EMULS) is.proposed to give lower binding 
energy than the Fermi gas state 
1. J. D. Walecka, Ann. Phys. 83_ (1974) 491 

S. A. Chin, Ann. Phys. 108 (1977) 301 
2. H. Tezuka, INS-Rep.-357nT979) 
3. T. Kohmura and H. Tezuka, to be published 
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DISADVANTAGE OF PION CONDENSATION 
Hirokazu Tezuka 

Institute for Nuclear Study 
University of Tokyo 
Tanashi, Tokyo 188, JAPAN 

Instability of the Fermi gas state in nuclear matter has been 
investigated by many authors. Specially instability of the system 
with nucleons and pions is known as the pion condensation!'. 
The critical density of the pion condensation was estimated non-
relativistically, and they concluded that the critical density 
was near the normal nucleon density. Thus it is suggested that 
there may exist precritical phenomena even in finite nuclei2). 

It is, however, shown that the critical density is much 
higher than the normal density by relativistic calculations for 
pion propagator3'. This disadvantage of the pion condensation 
is mainly due to the contributions of intermediate anti-nucleon 
states. Such contributions are usually neglected in order to 
explain low energy experiments. 

For this purpose contributions of scalar mesons are introduced 
to cancel the contributions of anti-nucleons. One of such models 
is the a-model, and in this model the pion condensation is 
represented as a chiral rotation4'. 

But the introduction of scalar mesons leads us to the scalar 
meson condensation5'. It must occur at much lower density than 
the critical density of the pion condensation. That is, this 
suggests that pion condensation must be discussed in the basis 
of the scalar meson condensation instead of the Fermi gas. And 
we should seach for phenomena on the basis of the scalar meson 
condensation instead of the precritical phenomena of the pion 
condensation. 
1. A. B. Migdal, Sov.Phys. JETP 3£ (1972) 1184 

R. F. Sawyer, Phys. Rev. Lett. 2£ (1972) 382 
D. J. Scalapino, Phys. Rev. Lett. 29̂  (1972) 386 

2. M. Ericson and J.Delorme, Phys. Lett. 76B (1978) 241 
H. Toki and W. Weise, Phys. Rev. Lett. 42̂  (1979) 1034 

3. H. Tezuka, INS-Rep.-371 (1980) 
4. D. K. Campbell, R. F. Dashen and J. T. Manassah, Phys. Rev. 

D12̂  (1975) 979 
5. H. Tezuka, INS-Rep.-357 (1979) 
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"JASTKOW-TYPE CALCULATIONS FOR "NUCLEAR MATTER" WTTH CORRELATION FUNCTIONS 
OBTAINED BY MEANS OF A DIFFERENTIAL EQUATION" 
M.E.Grypeos, Department of Theoretical Physics, Oxford 
university, England 
B. Kargas, Department of Theoretical Physics, University 
of Thessaloniki, Greece and 
E. Mavronmatis, Department of Theoretical Physics, 
University of Thessaloniki, Greece and Physics Division, 
N.R.C. "Dsmokritos", Aghia Paraskevi, Attikis, Greece. 

In this paper we report on low order calculations of the energy of "nu -
clear matter "which make use of correlation functions f (r) obtained by means 
of a differential equation. This is derived by functional variation of the 
constrained two-body energy functional. The constraint employed is the well 
known healing condition p /(1-f (r))2D(r)d? = constant (p is the density of n u 
clear matter and D(r) the radial distribution function of a free Fermi system). 
The potentials used are the test potentials IY and OMY-6. The energy is calcu
lated by including the three body terms In its FIY-cluster expansion. 

The use of the healing condition as constraint in low-order calculations 
seems quite justified, since the healing Integral is expected to give a rather 
good measure of the convergence of the cluster expansion. However one is facing 
the difficulty of determination of the corresponding Lagranglan multiplier be
cause of the unspecified value of the healing integral. We have chosen to de
termine the related -fcoĵ e Lagrangian multiplier \ parameter B (Bro/h2 A.) by mi
nimizing the ratio j-^, | of the third to the second term of the FIY .. 
expansion of the energy as, it has been previously done in the case of A matter . 
From the two minima found far the ratio j-|^ I in the range of B values con
sidered to achieve better convergence we have selected the less deep one. The 
results obtained at equilibrium for.both. potentials far the Fermi wave number 
kp, the energy per particle E (E=E ' ' J the healing integral H and the noma-
lizatiuu iiiteyral in first order IN are tfiven below: 

IY : kj^ 1.34 fm"1 E—3.6 MeV, H-174, IN-.830 
OMY : kp- 1.52 fin-1 E—10p MeV, B-241, Dfc.848 

It is evident that results are satisfactory with respect to convergence. 
However the values of the energy lie above the ones obtained by Owen et al 
will an f (r) derived suitably by means of a differential equation. They also 
lie above those obtained by low order calculations with analytic forms for 
f (r) . The above suggest that our procedure is probably too constrained and 
we are therefore currently investigating possible ways of improvement. 
References 
1) S.A11, M.E. Grypeos and B. Kargas, Phys. Rev.c14 (1976) 285 
2) J.C. Owen and R.F. Bishop and J.M. Irvine , Nucl. Phys. A274 (1976) 108 
3) E. Mavrcnrnatis, Nucl. Phys. A301 (1978)65 and references therein 

t On leave from the Department of Theoretical Physics, University of Thessalo
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NUCLEAR MATRIX ELEMENT | s [ a X Y 2 ] i FOR THE SINGLE 
QUASI PARTICLE l g | + 2 d | TRANSITION STUDIED BY 
THE PENETRATION EJTECT OP THE CONVERSION ELECTRON 

H. Ohsumi, K. Okada and H. E j i r i 
Department of Physics, Osaka Univers i ty , Osaka 56o» JAPAN 

The p a r i t y change (Ait=yes) matrix elements 3-T 5iT r[° x Y»], with X=odd 
have heen found t o he uniformely reduced from systematic s tudies of M2"y, MUy 
and f i r s t forbidden unique 8 t rans i t ions 1 ? This suggests the reduction effect 
of the spin-isospin core po la r iza t ion for the Ait=yes spin modes. This work 
deals with nuclear matrix elements without the par i ty change (Air=no). The Ml 
3-»[o"]and M3 %t[o x YaJjmomentB are known t o be reduced?' The Y matrix element 
[a x Yz]j i s very d i f f i cu l t t o measure. We show in t he present work an 
acculate inves t iga t ion of the nuclear matr ix element [ o x Yj], through the 
penetra t ion effect of the conversion e lec t ron corresponding t o the ([.-forbidden 
Ml t r a n s i t i o n . The 272 KeV single quasi-proton lgT/2 -* 2d5/2 t r a n s i t i o h i n 
the semimagic l l , 3 P m was studied. Because t he Ml y i s very much j-forbidden, 
the [o x Xz]| term comes out mainly i n t he conversion e l ec t ron . The 272 KeV 
lg7/2 s t a t e was exci ted by the lhlPr («,2nY) react ion. The conversion electron 
was measured accura te ly by means of t he TESS ( t r i p l e focussing e lect ron 
spectrum s e p a r a t o r ) , and the f-rays were measured simultaneously by a 55 c c 

Ge(Li) de tec to r (Fig. l ) . The e f f i c i enc ie s of the TESS and t h e Y -detector 
were ca l ib ra t ed by ref fer ing t o the r o t a t i o n a l E2 t r ans i t i ons as shown in 
F ig . 2 . Here we used the calculated E2 conversion coe f f i c i en t s . The 
conversion coef f ic ien t for the 272 KeV t r a n s i t i o n was measured as (9-kl* 0.28) 
•10" 2 . Using t h e previously measured 3 ' M,=0.U3u H , Me=(?J /^) > ( r / R ) 4 -
[a x Y, ], = (0.93 ± 0.26)li H . This leads t o the reduction fac tor g.**" 
0.62± 0.17 over t he s ingle quas i -pa r t i c l e value corrected for t he small Q-Q 
force e f f ec t . This i s of the seae order as the Ml and M3 moments. 
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1 Momentum spectrum of the 
conversion e lec t rons and the 
Yrays from the ' ^ P r t a ^ n Y ) 1 1 " 
r e a c t i o n . 

Fig. 2 The r a t i o s of Y-yields to 
e lec t ron y i e l d for E2 t rans i t ions 
and the r e l a t i v e Y _ r a y efficiency. 
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FEBMI LIQUID APPROACH TO THE ALPHA DECAY 

A. Bulgac, F. Carstoiu, 0. Dumitrescu and S. Holan 

Department of Fundamental Physics 
Institute of Physics and Nuclear Engineering 

Central Institute of Physics 
PO Box MG 6, Bucharest, Romania 

Feshhach's revolution in the nuclear reaction theory and recent develop
ment of the heavy ion physics have given a new impact for understanding the 
a-decay phenomenon. A new research direction has heen created, namely the 
study of the effective interaction acting as an o-transition operator. The 
proposed models ^-' for such a quantity, however, do not consider the o-decay 
process as a strong collective process in which large transferred momenta are 
involved, hut rather they assume that the nucleus is a Fermi gas ohject. As 
a result the theoretical a-widths are constantly lower than the experimental 
ones. , 

Starting from Migdal's quantum liquid treatment of the atomic nucleus 
we have proposed 3) a new a-transition operator satisfying the above-mentioned 
conditions and describing the o-clusterization in nuclei 

T o = < (enV) p(R) 6(t x) S(t2) «C? 3) • 

Here K is a universal constant, e is the unit normal to the nuclear surface, 
Vp is the gradient of the mother nucleus density and £^ are the internal 
Jacohi co-ordinates of the four nucleons participating in the a—particle 
formation. This T is a model for the irreducible amplitude of the a-particle 
formation in the four particle channel. Using this operator we have cal
culated some favoured and unfavoured o-decay widths taking K = l.oUA.lof MeV 
ftâ 3. The nuclear states involved in the favoured transitions have the 
structure gi—an. hy the BCS model, while for those involved in the unfavoured 
transitions we have used the two-particle EPA model. The s.p. hasis was 
chosen to he the Saxon-Woods one. The relative motion part of the o-channel 
state is determined hy a douhle-folded ^' Yukawa interaction potential. Due 
to the particular expression of our T Q operator we helieve that the anti
symmetry corrections to the a-widths should not he large. 

Final conclusions can he drawn from some preliminary calculated widths. 

Ra, 
i t u u i i u £\a. j-mjvj i u i no., c*yj i u i i\o.« \jmjj. i. ui mi , j . .u i u i itn 
and 1.56 for 2^-°Hn. For unfavoured 2 1 0 B i •* 2 0 o T l o-decay we obtained: 

R(l~,g.S. •+ 1~,0.30U MeV) = I.5U; R(l",g.s. + 2~,0.266 MeV) = 1.26 
R(9_,0.205 MeV ->• l",0.30U MeV) = 7.1; B(9~,0.205 MeV •+?"",0.266 MeV) = 0.2. 
These results show an encouraging agreement with the experiment. Cal

culations in the actinide region are in process. 

1. 0. Dumitreseu, Fiz. Elem. Chast. At. Yadra 10. (1979) 377; Sov. J. Part. 
Nuclei 10. (1979) 1*7 

2. A.B. Migdal, Theory of finite Fermi systems (interscience, New York, 1967); 
Nauka, Moskow (1965) 

3. A. Bulgac, F. Carstoiu, 0. Dumitrescu and S. Holan, JINR, Duhna, report 
E*-126Ul (1979) 

1*. A. Bulgac, F. Carstoiu and 0. Dumitrescu, ICTP, Trieste, preprint 
IC/80/13 (1980) 
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CLUSTER MODEL FOH ALPHA-DECAY 
D.Banerjee and Hina Bhattacharyya 

Department of Physics, University College of Science 
92, Acharya P.C.Road, Calcutta-700009, India. 
A model for alpha-decay is proposed. Alpha-particle, as such does not exist inside a nucleus. It exists in the form of an alpha-cluster. Such clusters exist at the nuclear surface region. The energy of an alpha-duster is of the order of 20-24- MeV. In our model, alpha-cluster is formed out of an alpha-particle which is subjected to a strong perturbing force. It is the alpha-cluster that decays by tunnelling process .Once the alpha-cluster is out of the perturbing force, it becomes an alpha-particle. On this basis, we should expect a strong correlation between the cluster energy and the decay rate. Such correlation exists. 
The total Hamiltonian of the system is 

H = H.+ H „ (1) 
^ per where R^ls the Hamiltonian of a free alpha-particle. Since clusters exist at the nuclear surface, we are iy.terested in the form of H p e r at the surface region. We have approximated H p e r 

by a S-type potential. 
= G %{ T - R Q ) (2) H p e r - w „**- - « 0 

where G stands for the strength of the perturbing force. The 
perturbing energy Ep is proportional to the radial integral 
Enl' Rnl can be correlated to the nuclear parameter by talcing 
the wave function of free alpha-particle as harmonic oscillator 
tfcpe1). B ^ is proportional to (mw/fi)3/2 
If we assume that the 
expectation value of the 
potential energy is one-
half the oscillator energy, '" 
we get A-1 dependence of 
Rnl . Experimental values } 
of Ep= (E*- Eft) shows such £ s dependence as shown in the ^ 
figure. f 4 

38 49 *l 4* it 
•X. - ~ 
A 

+-ir « 44 « 

1. D.Brink,Int. School of Phys. Enrico Fermi Course 36(1965)21*7 
ed.CB3.och (Academic Press, New York and London) 
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PRECISION B-DECAY BRANCHING RATIOS OF POSITRON EMITTERS, 2lNa 25 Ai f 29 P and 33Cl 
Y.Hasuda, T.Minamisono, M.O.Ishihara, Y.Kumata and K.Sugimoto 

Department of Physics, Faculty of Science 
Osaka University, Toyonaka, Osaka, 560 Japan 

Precise ft values for B-decay branches of the mirror nuclei 
were determined in order to analyze the magnetic dipole transitions 
and the analogue B-decays for the case shown in the figure. The 
branching ratios were measured from the energy spectrum of the y-
rays following the B-decay branches and the 511keV-positron-annihi-
lation Y-rays. The (p,Y) reactions were used to produce the B-
emitters. The resonance charactor was useful because of the low 
back ground activities. It was possible to estimate the effects of 
the small back ground by an off-resonance experiment. The pulsed 
beam method was used for the production. The energy spectrum was 
measured by a 48cc Ge(Li) detector during the off-beam periods. 
The targets were completely covered by an Al plate of lOmmt, right 
after the production, to confine B + close to the targets and to 
symmetrize the positron distribution. The difference of the ef
fective solid angles of the detector for the y-rays and for the 
511keV Y-ray was minimized to about 2±1 %. The relative efficien
cies of the Ge(Li) detector were calibrated using the y-ray sources, 
22Na, 56co, 108mag and 152EU, with the same arrangement and de
tection system. 

Present results of branching ratios are shown in the table 
toqether with the refined ft values. The matrix elements 
<JaJa'4.!i|ET30+|JbJbJ4,A> a*"1 <JaJafc.l/i| Z*3L\ JbJbJi-k? are calculated 
from the ft and the relevant B+(M1) using the one body operator, 
and assuming the charge symmetry of the nuclear force and the 
negligible asymmetry due to Coulomb force1^. 
The matrix elements show similar behaviors ja 
as the values obtained from ft for Jy=Wb 
and the mirror magnetic moments?'change i 
with A. jb_ 
•Present adress: INS, University of Tokyo p d«g 
Tanashi, 188 Japan. 
1) K.Sugimoto, i.Tanihata, J. Phys. 
Japan, Suppl. 34 245 (1973) . 
2) K.Sugimoto, Ph~ys. Rev. 182 1051 
(1969) 

Soc. 
Jfe_ 

J a = Jb= ' 

Tz=-1/2 

7 £ t A Jb"*Ja branching partial1-

ratio(%) tKL(s) ft (s) 
r 3 a t <T 3£ +> 

^Na 3/2 5/2 5.3(1) 428(10) 3.83(9)-104 0.264(4) 1.03(3) 
25A1 5/2 7/2 0.78(2) 915(30) 2.35(7)-104 0.J">7(7) 1.08(7) 
29 p 1/2 3/2 

1/2 3/2 
1.32(4) 
0.41(3) 

315(9) 
1000(70) 

6.2(2)-104 

1.6(1)-104 
0.is>0(3) 
0.35(1) 

0.66(3) 
1.36(10) 

"CI 3/2 1/2 3/2 5/2 
3/2 5/2 

0.45(3) 
0.45(3) 
0.37(2) 

563(33) 
560(40) 
685(40) 

4.9(3)-105 

9.6(7)-104 

1.8(1)-104 

0.090(2) 
0.166(6) 
0.38(1) 

0.18(4) 
0.65(6) 
1.60(10) 

Present r e s u l t s . 
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DISAC HARTREE APPROXIMATION AND THE NUCLEON-NUCLEUS OPTICAL POTENTIAL 

L. G. Arnold and B. C. Clark 

Department of Physics 
The Ohio State University 
Columbus, Ohio 43210 

R. L. Mercer 

Thomas J. Watson Research Center 
International Business Machines 
Yorktown Heights, New York 10958 

L. D. Miller 

Army Foreign Science 
and Technology Center 

Charlottesvi l le , Virginia 22901 

A nucleon-nucleus optical potential-for use a t low and intermediate en
ergies i s discussed from the point of view of the r e l a t i v i s t i c Hartree appro
ximation^""'. A number of interest ing features arise from the r e l a t i v i s t i c 
treatment such as the natural occurrence of cross terms between the nuclear 
and Coulomb potentials and a large spin orbit potent ia l . 

The Dirac equation used i s written 

(ca«p + P[mc2 + U s ( r ) ] + [ U o ( r ) + V c ( r ) ] } i K r ) = EiKr), 

where U s(r) is a Lorentz scalar potential and U 0(r) is the time-like compo
nent of a Lorentz four-vector potential. The Coulomb potential V c(r) is pre
sent for charged projectiles. The above equation is solved to obtain 
nucleon-nucleus elastic cross sections and analyzing powers for a number of 
different spin zero, isospin zero targets for a range of energies. The re
sults of these calculations are compared with experiment and with the results 
of other analyses. 

*This work was supported in part by NSF Grant No. PHY-7825532. 
1. L. D. Miller and A. E. S. Green, phys. Rev. C 1 (1972) 241; L. D. Miller, 

Ann. Phys. (N.Y.) 91 (1975) 40. 
2. R. Brockmann and W. Weise, Phys. Rev. C 16 (1977) 1282; R. Brockmann, 

Phya. Rev. C 18 (1978) 1510. 
3. J. D. Walecka, Ann. Phys. (N.Y.) 83 (1974) 491. 
4. J. V. Noble, Nucl. Phys. A329 (1979) 354. 
5. L. G. Arnold, B. C. Clark, and R. L. Mercer, Phys. Rev, C 19 (1979) 917; 

L. G. Arnold and B. C. Clark, Phys. Lett. 84B (1979) 4b. 
6. M. Jaminon, C. Mahaux, and P. Rochus, Phys. Rev. Lett. 43 (1979) 1097; 

preprint (1980). 
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SOLITON-POTENTIALS 
E.F. Hefter and K.A. Gridnev 

Institut fur Theoretische Physik 
Universitat Hannover 

Appelstrasse 2 
D-3000 Hannover 1 

Recently it has been proposed to treat the nonlinear 
classical Korteweg-de Vries equation (KdVE), 
ufc(x,t) - 6-u-ux + B - u m = 0; u x =:3u/3x; (1) 
as a means of studying the nuclear potential. In here we first 
provide some soliton-pedagogy and discuss then the main argu
ments in favour of such a use of the KdVE and its soliton so
lutions : 

(i) Starting from the Hamiltonian 
H = - B-2 ^-j- - 2/ 2-V "Z 6(x,-xJ; B = : *2/2m; (2) 

i 3xi ° *<j L J 
the solutions of the corresponding TDHF equation are given by 
f(x) = - (2V0)1/4-sech [ /V0/2B-x], (3) 
which in turn leads to 

u.,(x,0) = - /2V^"fz= -VQ-sech2 [/VQ/2B.x ], (4) 
i.e. the one-soliton solution of the KdV for t=0. Thus the TDHF-
equation may be cast into the form 
" B * fxx - (E-u.,(x,o))'f = 0. (5) 

(ii) Historically, the KdVE itself could not be solved com
pletely until it was discovered that its solutions u(x,t) are 
via 
" B ' *xx " (E-u(x,t)).^ = 0 (6) 
related to a Schrodinger problem. Solving Eq. (6) this transfor
mation (leading to the inverse scattering method) allowed for the 
complete solution of Eq. (1). 

(iil) The confinement problem consists basically in the task 
of solving two coupled nonlinear differential equations, 
Ity{g,V)'i|; = 0 and Dv(g,i|i) -V = 0; g = const; (7) 
with prescribed boundary conditions. The most elementary re
quirements are only fulfilled by soliton supporting nonlinear e-
volution equations for i|/ and V, resp.. They are that the appropri
ate solutions should vanish for large distances and that they be 
singular for a vanishing coupling constant g. 

After these preliminaries one- and more-soliton solutions of 
the KdVE are applied to nuclear physics. It will be shown that 
the results support the underlying philosophy. The implications 
of the approach are discussed. 
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PAULI PRINCIPLE, OPTICAL POTENTIAL AND EFFECTIVE INTERACTIONS 
FOR TWO-FRAGMENT NUCLEAR SCATTERING AND REACTIONS'̂  

R. Goldflam, K.L. Kowalski and A. P i ck le s imer 

Department of P h y s i c s 
Case Western Reserve U n i v e r s i t y 

Cleve land, Ohio 44106 

The i n t r o d u c t i o n of t h e f u l l c o m p l e x i t i e s of t h e P a u l i p r i n c i p l e (PP) 
i n t o n u c l e a r r e a c t i o n theory i n v o l v e s t h e s imultaneous c o n s i d e r a t i o n of a l l 
channels which a r e p h y s i c a l l y e q u i v a l e n t by v i r t u e of p a r t i c l e i d e n t i t y . 
Because of t h i s and t h e d i f f i c u l t i e s i n d e a l i n g wi th m a n y - p a r t i c l e 
mul t i channe l s c a t t e r i n g equat ions t h e PP has never been a d e q u a t e l y 
incorporated i n t o e i t h e r the m i c r o s c o p i c theory of t h e o p t i c a l p o t e n t i a l 
(OF) or i n t o t h e many v a r i a n t s o f t h e c o u p l e d - r e a c t i o n channe l (CRC) 
formalism. We have shown how t h e PP can be taken i n t o account i n a 
c o n s i s t e n t and p r a c t i c a l manner both i n t h e theory of t h e OP and i n a 
g e n e r a l i z e d CRC formalism (GCRCF). 

The i d e a c e n t r a l t o our development i s the r e c o g n i t i o n of t h e 
c o n s t r a i n t s imposed upon t h e o f f - s h e l l behav ior of the t r a n s i t i o n o p e r a t o r s 
Ta,8 f ° r rearrangement s c a t t e r i n g i n t o p h y s i c a l l y e q u i v a l e n t two—fragment 
channels a and 6 Imposed by t h e u s u a l r e a l i t y p r o p e r t i e s o f t h e OP and t h e 
GCRCF e f f e c t i v e p o t e n t i a l s (EP). We r e q u i r e t h a t the ant i symmetr ized OP 
p o s s e s s no e l a s t i c u n i t a r i t y c u t s corresponding to t h e any of t h e p h y s i c a l l y 
e q u i v a l e n t c h a n n e l s . Th i s i s a s p e c i a l c a s e of the demand i n t h e GCRCF 
that the EP be f r e e of u n i t a r i t y c u t s i n a l l t h e coupled c h a n n e l s . We 
show that t h e o f f - s h e l l u n i t a r i t y r e l a t i o n s for T t t l g imply t h a t t h e 
s i m p l e s t o f f - s h e l l e x t e n s i o n which s a t i s f i e s our c o n s t r a i n t s i s t h a t 
proposed by A l t e t a l . l ) . With t h i s form f o r T a g and u s i n g modern 
methods f o r c o n s t r u c t i n g permutat ion symmetric s c a t t e r i n g i n t e g r a l 
equat ions we d e v e l o p a complete and c o n s i s t e n t theory of t h e OP and t h e 
GCRCF w i t h t h e PP inc luded i n a p r a c t i c a l manner. 

S e v e r a l s e t s o f dynamical e q u a t i o n s f o r t h e OP and t h e EP which a r e 
appropr ia te t o d i f f e r e n t p h y s i c a l c i r c u m s t a n c e s are found. These equat ions 
are w e l l - d e f i n e d connec ted-kerne l s c a t t e r i n g i n t e g r a l e q u a t i o n s which 
permit t h e s y s t e m a t i c c a l c u l a t i o n of c o r r e c t i o n s t o low-order 
approx imat ions . 

As a p p l i c a t i o n s we have c o n s i d e r e d l o w - d e n s i t y - t y p e approximat ions t o 
t h e OP. We show how the usua l m u l t i p l e - s c a t t e r i n g p r e s c r i p t i o n s ( e . g . 
Takeda-Watson) a s w e l l a s t h e r e s o n a t i n g - g r o u p method emerge i n a 
s y s t e m a t i c f a s h i o n and that t h e FP c o r r e c t i o n s to t h e s e approximat ions can 
be c a l c u l a t e d w i t h o u t any s u b s t a n t i a l i n c r e a s e i n computat iona l d i f f i c u l t y . 
We have a l s o o b t a i n e d s i m i l a r r e s u l t s i n the GCRCF. 

I t shou ld be s t r e s s e d t h a t our o v e r a l l approach i s e s s e n t i a l l y 
formalism independent . As an i l l u s t r a t i o n of t h i s independence we have 
found t h e c o r r e c t counterpart s of t h e u s u a l Lippmann-Schwinger equat ion for 
the OP and we have i n v e s t i g a t e d t h e g e n e r a l i z a t i o n of t h e c a n o n i c a l 
Feshbach formal i sm w i t h the complete i n c l u s i o n of t h e PP. 

*This work was supported i n p a r t by t h e N a t i o n a l S c i e n c e Foundation 
under Grant No. PHi 78-26595. 
1 . E.O. A l t , P . Grassberger and W. Sandhas, Nuc l . Phys . 2B (1967) 167. 
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HAVE ALPHA TRANSFERS ANYTHING TO DO WITH THE PAIRING FORCE? 

J.A.Evans 
School of Mathematical and Physical Sciences, university of Sussex, England 

t a n d + t 
G.G.Dussel, E.Maqueda and R.P.J.Perazzo 

Departamento de Fisica, CNEA, 1429 Buenos Aires, Argentina 
We investigate the assumption that a-transfer enhancements are mostly 

linked to the isovector pairing interaction. We consider systems of even num
ber of nucleons moving in several K-shells of total degeneracy n. We add, in 
the residual hamiltonian, a "deuteron" type of interaction to the usual T=l 
pairing force, 

H=-(l+x) (P .P)-(l-x) (D .D) 
with 

P ^ a W 0 ^ ' 1 ; 1 and D +={a +a +} L= 0' S = 1' T= 0 

\> 0 , 0 , V u 0 , u , 0 
These operators, together with the number operator, the spin and isospin, 

„/.+„•>0,1,1 are associated to the generators of the 0s group 1). We 
u,v 0,u,v use this algebra to build the matrix elements of H. We 

consider a seniority-zero basis corresponding to the 0g irreducible represen
tation ((2,0,0,0) and good N, S and T. In the pure pairing limit(x=l) we 
obtain isospin "rotational"bands following the T(T-)-l) law and the spin degree 
of freedom shows an almost "vibrational" behaviour. The rdles of S and T are 
interchanged when x is replaced by 

and W 
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Each of the two channels present in H 
induce a kind of correlation that in
terferes destructively with the other. 
For x=0, H corresponds to the Casimir 
operator of SUi,. 

In the figure we show, for 12=6, 
the square of the matrix element for a 
four(a-like)nucleon transfer together 
with two (T=l)two-nucleon transfers. 
These correspond to the two particle 
matrix elements in which the a-trans
fer shown would be factorized if only 
the pairing degree of freedom were 
present. They are seen to increase 
making full use of the correlations 
built by the pairing component of H. 
The maximum for x=0 is related to the 
fact that the a-transfer operator 
preserves the Sui» symmetry. 

We can conclude from our study 
and that of ref.2) that the a-transfer 
may present enhancements even when the 
pairing interaction is small and, thus, 
support the interpretation that it is, 
to a large extent, insensible to the two body correlations operant in nuclei 
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m 
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Fellow of the CONICET, Argentina. 
1. B.H.Flowers and S.Szpikowski, Proc.Fhys.Soc.84_(1964)673. 
2 . O.Dragun, G.G.Dussel, E.Maqueda and R.P.J.Perazzo, Nucl.Fhys.A167(1971)529. 
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MEASUREMENT OF ANALYZING POWERS IN QUASI-ELASTIC SCATTERISG 

P. K i t c h i n g , L. Antonuk, C.A. M i l l e r , D.A. Hutcheon, W.J. McDonald, 
W.C. Olsen , G.C. N e i l s o n , G.M. St inson 

P h y s i c s Department, U n i v e r s i t y of A l b e r t a , Edmonton, Canada T6G 2J1 

and 

A.W. S t e t z 

Oregon State University, Corvallis, Oregon, U.S.A. 97331 

In a recently completed *°Ca(p,2p) experiment using a 200 MeV polarized 
proton beam, cross sections and analyzing powers were measured as a function 
of energy sharing between the outgoing protons. Scattering from Ids, 2s_^, 
and Ids hole states was observed. We have compared the data with "*" 2 

DWIA T calculations1) which included the effects of spin-orbit terms in the 
optical potentials and utilized a half off-shell (Mcngan) prescription for pp 
scattering. The observed analyzing power for scattering from the 2si_ state is 
shown in Figure 1 as a function of the two body cms scattering 2 

angle, together with the results 
of DKIA calculations both with 
(solid line) and without (dotted 
line) spin-orbit terms in the 
optical potentials. In the 
latter case the predicted analy
zing power is essentially given 
by the free p-p analyzing power 
(A) obtained from phase shifts. 
The observed analyzing powers 
for the lds_ (x) and ld^ (0) 
states 2 are * shown 
in Figure 2 as a function of the 
energy difference between the 
two outgoing protons, for the 
case where both outgoing protons 
are produced at 30° to the beam. 
Also shown are the DWIA predic
tions, which in this case are 
mostly sensitive to the correla
tion term (CNN) in the nucleon-
nucleon interaction. These 
results may be interpreted as 
supporting the assumption, im
plicit in DWIA, that the 
nucleon-nucleon interaction, 
and in particular the values 
of A and Cmj, are not significantly altered when the interaction takes place 
inside the nucleus. 

'This work was supported by NSERC, Canada, and the US National Science 
Foundation. 
1. N.S. Chant, P. Kitching, P.G. Roos, and L. Antonuk, Phys. Rev. Lett. 
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EVIDENCE FOR NUCLEAR QUADRUPOLE-QUADRUPOLE INTERACTION IN THE INELASTIC 
SCATTERING OF TENSOR POLARIZED DEUTERONS+) 

H. Clement, R. Frick, G. Graw, P. Schieraenz, N. Seichert 

Sektion Physik der Universitat Munchen, D-8046 Garching 

With aligned (tensor polarized) deuteruns we have measured at 20 MeV the 
elastic and inelastic scattering on the two extremely deformed nuclei 2 eSi 
(oblate, B2=-.38) and 21*Mg (prolate, fl2=+.45). The figure shows the results 
for the observable A ^ , which exhibits the largest effect from the alignment 
of the deuteron quadrupole moment. While the elastic scattering data behave 
similar for 2 8Si and 2l|Mg, differ the inelastic data considerably '"n their 
angular distributions. 

The drawn lines show CC-calculations with (full) and without (dashed) 
tensor interaction. The tensor 
potential is taken to be purely 
imaginary corresponding in its pa 
rameters to the conception of fol 
ding. This is in accordance with 
ref. 1 and also with our results 
from a systematic search on nuclei Q-
across the periodic table. The UJ 
other parameters of the calculation?? 
are fixed by the analyses of the 
vector polarized measurements2'' 
resulting thus in a quasi parame
ter free calculation for Axz« 

The dashed lines simulate 
the scattering of a spherical 
deuteron, i.e. without tensor 
interaction. The analyzing po
wers for both scattering states 
in both nuclei are calculated 
hereby to be small and mostly 
out of phase with the data. The 300 90° 150° 
inclusion of the tensor poten- _̂ p 
tial in the elastic scattering C M 

leads to a phase correct, nearly quantitative reproduction of the data. The 
pronounced difference between dashed and full lines demonstrates the strong 
influence of the deuteron quadrupole moment on Axz. In the elastic scattering 
to the 2j-state also the deformed target nucleus is aligned in addition to 
the projectile. The inclusion of the deuteron quadrupole moment and the 
quadrupole-quadrupole interaction by means of a deformed tensor potential3) 
leads to a description for the 2*-scattering (full lines), which reproduces 
the characteristic features of the data. The difference between full and 
dashed lines in the inelastic scattering acounts for the significant contri
bution of the quadrupole-quadrupole interaction in the scattering of two 
deformed and aligned nuclei. 

+) supported in part by the Bundesministerium fiir Forschung und Technologie 
1) R.P. Goddard, W. Haeberli, Nucl. Phys. A316 (1979) 116 
2) see further contribution to this conference 
3) F.D. Santos, Z. Physik, 1980, in press 
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MEASUREMENT OF PARITY VIOLATION IN PP-SCATTERING AT 45 MeV 

R. Balzer, W. Haeberli , R. Henneck, S. Jaccard , Ch. Jacquemart, J. Lang, 
W. Re ichar t + + + , Ch. Ueddigen + + + + , M. Siraonius 

Laboratorium fur Kernphysik 
Eidg. Techn. Hochschule 
8093- Zurich.Switzerland 

Parity v io lat ion in proton-proton scattering has been studied by measur
ing the longitudinal analyzing power AL= (o + -o") / (a + +o~), where at are the 
( total) scattering cross sections for a longitudinally polarized beam of posi
t ive and negative he l ic i ty . 

The polarized protons are produced in an atomic-beam type polarized-ion 
source and accelerated in the SIN injector cyclotron. RF-transitions, which 
act on the neutral atomic beam, are used to switch the polarization between 
t 0.83 every 30 msec. Protons scattered in a 100 atm H2 target by 25°-55° 
enter a cy l indr ica l ionisation chamber f i l l e d with 1 atm Hg which is coaxial 
with fhe beam axis. To obtain 01, the currents from the ionisation chamber and 
a Faraday cup are integrated during 20 msec. Individual 20 msec measurements 
are separated by 10 msec dead time, during which specially designed on-line 
d ig i ta l beam monitorsi) m^g through the beam thus providing a continuous 
record of the intensity- and the polar izat ion-distr ibut ions. 

The following instrumental e f fec ts , which could produce systematic errors, 
have to be considered: 
(1) Transverse polarization components in the beam 
(2) Beam intensity modulations correlated with spin reversal 
(3) Beam posit ion and emittance modulations correlated with spin reversal 
(4) Asymmetry from the (parity v io lat ing) B-decay of activated nuclei 
(5) Influence of the regular analyzing power in double scattering 
(6) Spurious electronic effects 

The result?) obtained in a one week measurement i s : A|_ = (-3.2 ± 1.1) •10"'. 
The measurements are continuing and we hope to present at the conference a re
sult with a further reduction of the uncertainties. 

+) University of Wisconsin, Madison, Wisconsin, 53706, USA 
++) Schweiz. Ins t i tu t fur Nuclearforschung, 5234 V i l l i gen , Switzerland 
+++) Physikinst i tut der Universitat Zurich, E001 Zurich, Switzerland 
++++) I ns t i t u t fur Kernphysik der Universitat und des Kerrforschungszentrums, 

7500 Karlsruhe, Germany 
1) W. Haeberli, R. Henneck, Ch. Jacquemart, J . Lang, R. Miil ler, II. Simonius, 

W. Reichart and Ch. Weddigen 
Nucl. Inst r . Meth. ]63 (1975) 403 

2) R. Balzer, R. Henneck, Ch. Jacquemart, J . Lang, M. Simonius, W. Haeberli, 
Ch. Weddigen, W. Reichart 
Phys. Rev. Lett. 44 (1980) 699 
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N-BODY SCATTERING EQUATIONS FOR NUCLEAR REACTION THEORY 
H. Kroger* . 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

and 
R. Perne 

Im Harperoth 11 
D-5330 Kom'gswlnter 41, West Germany 

Recently the effect of virtual particle exchange in nuclear reaction 
mechanisms has been studied by Greben and Levin 1' and has been found impor
tant. These effects are Incorporated in an N-body scattering equation formal
ism of Faddeev-Yakubovski, Alt-Grassberger-Sandhas, or Kouri-Levin-Tobocman. 
These equations, however, have a complicated structure in the kernels, as 
they incorporate all the Green's functions of the N-l, N-2, ... two-body sub
systems. 

We want to present here N-body scattering equations which have a simpler 
structure of kernels, and which could then be used as a starting point for 
nuclear reaction theory. The kernels of our equations contain just the bound 
state part of the subsystem Green's functions, which requires only the 
knowledge of N-l, N-2, .., two-body bound states and binding energies. Let 
us define: a describes a subsystem, b is an overall quantum number, $° is a 
bound state wave function, E{} is the correlated binding energy, p stanJs for 
all the Jacobi momenta, G 0 is the free Green's function, V is the potential, 
V 0 is the interaction of particles in cluster o,V0 = V-V 0, ESg = 
{P* 0 S|E-E' >-P 0| = 0} is a subsystem energy shell, u D(p) is a function taking 
the value I f f p E ES b, 0 if |?-f o s| > ^-distance of EŜ J to the closest shell 
ES i with o c a ' or a' <Z a, and an arbitrary interpolation in between. 

The scattering equations read where o,b o£ the incoming channel is kept fixed 

One can show 2" 3) that the on-shell scalar products with |R D> 0 and |R>g give the physical transition amplitudes and the equations remain unique going into 
the real axis. 
* 
.NATO Fellow from Justus-Liebig-Universitat, Giessen, West Germany. 
Research sponsored by the Division of Basic Energy Sciences, U.S. Department 
of Energy, unde. contract W-7405-eng-26 with the Union Cjrbide Corporation. 
1. J. M. Greben and F. S. Levin, Nucl. Phys. A32i (1979) 145 
2. H. KrOger and R. Perne, to be published 
3. H. KrBger and R. Perne, Nuov. Cim. Lett., <n press 
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PHOTODISINTEGRATION OF THREE-BODY NUCLEI* 

D. D. Faul, B. L. Berman, P. Meyer, and D. L. Olson 

Lawrence Livermore Laboratory 
University of Cal i fornia 

Livermore, Cal i fornia 94550 

Me have measured the photoneutron cross sections for 3H and 3He from 
threshold to -v-25 MeV with monoenergetic photons from the annihi lat ion in 
f l i gh t of fas t positrons at the LLL Electron-Positron Linear Accelerator 
f a c i l i t y . These reactions include the two-body breakup of 3H and the 
three-body breakup of both 3H and 3He; these measurements fo r 3 H are the 
f i r s t to span the energy region across the peaks of the cross sections, 
e f f ic ient 4w BF3-tube-and-paraffin neutron detector and high-pressure 
gaseous samples of several moles each (the ac t i v i t y of the 3H sample was 
1-200,000 Ci) were employed in these measurements. Measurements on , b 0 and 
2H also were performed to veri fy the absolute cross-section scale. 

The results of the meas
urements are shown in the f igure. 
Comparison of these results with 
each other and wi th results fo r 
the two-body breakup cross 
section for 3He from the l i t e r a 
ture shows that : (a) the two-
body breakup cross sections for 
3H and 3He have nearly the same 
shape, but the one for 3H l ies 
somewhat higher; (b) the three-
body breakup cross section for 
3He l ies somewhat higher and is 
broader in the peak region and 
rises less sharply from threshold 
than the one fo r 3 H ; and (c) 3 
these measured differences be- & 
tween the cross sections for the J 
breakup modes largely compensate! 
in the i r sum, so that the tota l * 
photon absorption cross sections s 
for 3H and 3He are nearly the u 

same in both size and shape at 
energies near and above their 
peaks. 

•Work performed under the 
auspices of the U.S. Dept. of 
Energy by Lawrence Livermore 
Laboratory under contract 
number W-7405-ENG-48. 
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A 3-BODY APPROACH TO RESONANCE BEHAVIOUR IN N-N SCATTERING 

B. Blankleider and I.R. Afnan 

School of r"nysical Sciences, 
The Flinders University of South Australia, 

Bedford Park, S.A. 5042 Australia. 

Recently there has been significant progress in the description of the 
coupled processes ir-d •* nd, " *-»• NN and NN -*• NN especially regarding the 
inclusion of the two nucleo in a symmetrical fashion*>2). The resulting 
Faddeev-like equations give promise of being able to describe NN scattering 
above the pion production threshold while still maintaining two and three 
body unitarity. Indeed reasonable fits have been obtained to the singlet 
channel phase shifts in a calculation that does not include p-exchange'). 
Moreover in this model it may be possible to obtain resonance behaviour in 
the NN channel by coupling to the NA channi.1. To this effect we have solved 
the Afnan-Blankleider equations*) for the case 
jiT _ 2+ with the input consisting of the TTNN 
vertex together with the deuteron and the P33 
two body interactions only. We have used 
relativistic kinematics for the pion and non-
relativistic kinematics for the nucleons. The 
resulting 1 D 2 phase shifts (Fig. 1) display 
strong resonance behaviour and in this sense 
they agree with the results of Silbar and 
KloefH. There are two better indications of a 
resonance. The first is the speed curve, which 
in our case (Fig. 2) is indicative of a 
resonance pole at 2200-ilOO MeV. The second, 
and perhaps stronger criterion, is the 
trajectory of eigenvalues belonging to the 
kernel of our integral equations which in this 
calculation does not. come close to the unit 
circle near the real axis, thereby giving no 
indication of a pole in the N-N t-matrix. Thus 
at this stage, it seems that our observed 
resonance behaviour is really a manifestation of 
the NA channel which for the case J" = 2* has 
the A and N in relative s-state; and is not due . 
to a resonance pole. However one would really 
need to carry out a search for this pole before 
any definite conclusion could be made. Finally 
we note that in a similar calculation5> using 
totally non-relativistic kinematics there is 
strong indication of a real resonance pole. 
Thus the presence of a pole seems to be 
dependent on the off-shell behaviour of the two-
body input or perhaps even on the type of 
kinematics used 5)! 

Fig. 2 
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1. I.R. Afnan and B. Blankleider, to be published, Phys.Rev.C. 
2. Y. Avishai and T. Mizutani, Nucl.Phys. A326 (1979] 352. 
3. I.R. Afnan and B. Blankleider, to be published. 
4. R.R. Silbar and W.M. Kloet, Los Alamos preprint LA-UR-79-2139. 
5. I.R. Afnan and A.T. Stelbovics, to be published. 
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DBUTRON WAVE FUNCTION AT SMALL DISTANCES DEFINED FROM 
MEASDEEMENTS OF THE d - * p FRAGMENTATION SPECTRUM 

AT 8.9 Gev/c AT A ZERO EMISSION ANGLE OF 
PROTON-SPECTATORS 

V.G.Ableev. S . A . A v r a m e n k o x - K h . D i m i t r o v x x , 
A.Fi l ipkowski* A.P.Kobushkin 3 ™*, D.K.Nik i t in , 

A.A.Nomofilov, N.M.Piskunov, V . I .Sha rov , I . M j S i t n i k , 
E .A .S t rokovsky , L .N .S t runov , L . V i z i r e v a ^ r a x , 

G.G.Vorobiev, S .A.Zaporozhets 

The d e u t r o n f r agmen ta t ion spectrum on-,0 and CH^ t a r g e t s 
w i t h p r o t o n emiss ion a t a n g l e s of 0 ± 2 « 1 0 - J r a d h a s been 
s t u d i e d by means of a magnet ic spec t romete r ( w i t h p r o p o r t i o 
n a l chambers , Cherenkov and t i m e - o f - f l i g h t c o u n t e r s ) i n a 
beam of 8 .9 Gev/c deu t rons a t t h e Dubna synchrophaso t ron . 
The h i g h momentum component of t h e pro ton spectrum h a s been 
measured up t o t h e k i n e m a t i c a l l i m i t . 

The d a t a ob ta ined a r e compared t o t h e o r e t i c a l c a l c u 
l a t i o n s b a s e d on d i f f e r e n t d e u t r o n wave f u n c t i o n s (wi th and 
wi thou t c o n t r i b u t i o n from p o s s i b l e mul t iquark s t a t e s i n the 
d e u t r o n ) . I t i s shown t h a t a h a r d p a r t of t h e p r o t o n spectrum 
i s e s s e n t i a l l y c r i t i c a l t o t h e choice of deu t ron wave func 
t i o n and v a r i a t i o n s of 6 Q - s t a t e c o n t r i b u t i o n s . The e s t i m a t e 
of t h e p r o d u c t i o n c r o s s s e c t i o n of t h e lowest d inuc leon 
r e sonances h a s been a l so o b t a i n e d . 

X NPI , Moscow S t a t e U n i v e r s i t y , Moscow, USSR 
BASE, Bu lga r i an Acad, of S c i . , S o f i a , Bu lga r i a 

ITP, Acad, of S c i . Ukra in ian SSR, Kiev, USSR 
HCTI, S o f i a , Bu lga r ia 

+ 0 n l eave from the I n s t i t u t e f o r Nuclear Resea rch , Warsaw, 
Poland 
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ALPHA-PARTICLE SCATTERING ON C, Al AND Ou NUCLEI 
AT 1 7 . 9 Gev/c 

V.G.Ableev, V,A,Bodyagin x , A.Fi l ipkowski^ 
I . U . K h r i s t o v a , A.A.Nomofilov, N.M.Piskunov, V. L S h a r o v , 

I . M . S i t n i k , E .A.St rokovsky , L .N.St runov, A.V.Tarasov, 
G. G. Vbrobiev, S.A. Zaporozhets 

High Energy Labora to ry , 
J o i n t I n s t i t u t e f o r Nuc lea r Research, Dubna, 

Pos t O f f i c e , P .O.B. 79 . 
Moscow, USSR 

Using t h e one-arm s p e c t r o m e t e r "ALPHA" w i t h p r o p o r 
t i o n a l chambers , t h e a b s o l u t e d i f f e r e n t i a l c r o s s s e c t i o n s 
have been measured of t h e sum of e l a s t i c and q u a s i - e l a s t i c 
(wi thout meson p r o d u c t i o n ) s c a t t e r i n g of 17*9 Gev/c on p a r 
t i c l e s on 0 , Al and Gu n u c l e i . 

The measurements have been performed i n ? t h e range of 
4-momentum t r a n s f e r s 0 . 0 0 8 < / t j < 0 . 1 8 (Gev/c) . 

The e x p e r i m e n t a l d a t a a r e compared t o ou r c a l c u l a t i o n s 
of d C 7 d t ( t ) i n t h e framework of e i k o n a l approximat ion of 
m u l t i p l e s c a t t e r i n g t h e o r y . 

There were t h r e e v a r i a n t s i n our c a l c u l a t i o n s which 
cor responded t o t h r e e v e r s i o n s : 

a ) approximat ion of r i g i d « p a r t i c l e , * 2 

b ) o p t i c a l approximat ion developed in p a p e r s * ) , 
c ) swarm model 3 ) . 

The r e s u l t s of t h e c a l c u l a t i o n accord ing t o v e r s i o n c ) l e a d 
t o t h e b e s t agreement w i t h expe r imen t . 

1 . I .V.Andreev , P r e p r i n t No 9 2 , (1976) , Lebedev Phys . I n s t . 
2 . A.S.Pak e t a l . , L e t t e r s t o JETP 28 (1978) 314-
3 . G .Ea ld t , I . H u l t h a g e , USIP Heport~78-14- (1978) 

X NPI , Moscow S t a t e Un iv . , Moscow, USSR 
^ P T I , Acad. S c i . Ta j ik SSR, Dushanbe, USSR 
+ 0 n l eave from t h e I n s t i t u t e f o r Nuclear Resea rch , Warsaw, 

Poland 
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FORWARD DEEP INELASTIC SCATTERING dC-»dX AT 8.9 Gev/c 
V.G.Ableev, S.A.Avramenko .KIuDijnitrov^, 

A.Filipkowski* A.P.Kobushkin'IDat, D.K.Nikitin , 
A.A.Nomofilov, N.M.Piskunov, V. I.Sharov, I.M^Sitnik, 

E.A.Strokovsky, L.N.Strunov, L. Vizireva***^ 
G.G.Vorobiev, S.A. Zaporozhets 

High Energy Laboratory, 
Joint Institute for Nuclear Research, Dubna, 

Post Office, P.O.B. 79, 
Moscow, USSR 

Measurements have been performed in a deutron beam 
of the Dubna synchrophasotron by means of the spectrometer 
(with proportional chambers, Cherenkov and time-of-flight 
counters) used to measure the spectrum of d—»p fragmenta
tion. The momentum spectrum of the deutrons emitted at zero 
angle ( 9^2'ICT-5 rad )in deep inelastic collisions has been 
studied. The deutron wave function extracted from the data 
on d—*p fragmentation at zero angle and e-d scattering ") 
has been used for description of the dC—*-dX cress section. 
1. R.G.Arnold et al., Phys.Rev.Letters 2£ (1975) 776 
XNPI, Moscow State Univ., Moscow, USSR 
X XBASE, Bulgarian Acad, of Sci., Sofia, Bulgaria 
^^ITP, Acad, of Sci. Ukrainian SSR, Kiev, USSR 
a j u" tHCTI, Sofia, Bulgaria 
+0n leave from the Institute for Nuclear Research, Warsaw, 
Poland 
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SCATTERING OP 17.9 Gev/c ALPHA-PARTICLES PROM 
HYDROGEN AND HELIUM NUCLEI 

V.G.Ableev, V.A.Bodiagin*, R.Bymarz, A.Pilipkowski+, V.I.Ino-
zemtsev, A.A.Nomofilov, N.M.Piskunov, V.I.Sharov, I.M.Sitnik, 
E.A.Strokovsky, L.N.Strunov, G.G.Vorobiev, S.A.Zaporoztaets 
High Energy Laboratory, JINR, Dubna, Post Office, P.O.B. 79, 

Moscow, USSR 
Due to a search for the effects of high-excited inter

mediate states of baryon systems, studies of the^scattering 
of relativistic nuclei on nuclei can be actual ''. Experimen
tal data and results of calculations of the differential cross 
section of elastic dp and of the sum of elastic and ciuaei-
elastic «ot scattering at P.,= 17.9 Gev/c in an interval of 
0.01<ltl<0.22 (Gev/cJ* are reported. The results are a part of 
the program on an investigation of the collisions of relati-
vistic nuclei with nuclei 2 > at the Dubna synchrophasotron. 

Data on otp scattering 
are not in a good agreement 
with those calculated with the 
help of the Glauber model 
(see the fig.). Deviations 
(dfi'/dt)exp from that calculated 
for doc (solid curve) are about 
15* within the diffraction cone 
and achieve about 25% in the 
vicinity of the expected (see 
the dotted and chain-dotted 
lines) elastic scattering dif
fraction minimum. The disag
reement between the experiment 
and theory may probably occur 
due to the effects 3'of re-
scattering intermediate isobar 
states N* which are not taken 
into account in the conven
tional Glauber model. The para-
metriaation dff /dt~ exp(bt) 
at small It I allowed one to 
find the parameters of oCp and 
ocW-reactiona. 

v? 
OOS 010 015 

-t ttn/ct — 
Q20 

1. 
2. 

V.M.Galitsky, I.N.Mishustln, Jad.Pis . , 29 (1979) 363 
A.M.Baldin, Particles and Nucleus, v .8 , part 3 (1977) 429; 
V.G.Ableev et a l . , Preprint JINR P1-10565, Dubna, (1977) 

3. S.J.Wallace, Y.Alexander, Phys.Rev.Lett., 38 (1977) 1269 
G.Goggy et a l . , Nucl.Phys., B149 (1979) 381 
V.S.Verebrusov, L.A.Pongmarev"pFreprint ITEP-114 (1979), 

Moscow 
XNPI, Moscow State Univ., MOBCOW, USSR 
On leave from the Institute for Huclear Research, Warsaw, 
Poland 
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OXYGEN INDUCED DEUTERON BREAKUP 

K.-H. Flodkvist, A. Johansson, L. Glantz, 
I. Koersner and B. Sundqvist 

Tandem Accelerator Laboratory 
Box 533 

S-751 21 Uppsala 
Sweden 

An experimental study of the oxygen induced deuteron breakup reaction 
has been started. A three-body treatment of the a-d system in the frame-work 
of Faddev type calculations has turned out to be successful, in particular 
the description of the a-d breakup reaction at 15 MeV a-energy (I). The 
treatment of the Coulomb force, however, remains a fundamental difficulty. 
Therefore, we have considered it of interest to study the ' 6C—d system in 
the same spirit. 

A beam of 42 MeV ' 60 from the Uppsala EN tandem accelerator was used to 
induce deuteron breakup reactions in a target of deuterated polyethylene. 
Protons and oxygen nuclei from the breakup reactions were observed in a 
kinematically complete experiment. The protons were detected with a Si(Sb) 
detector at 21° scattering angle and the oxygen ions were uniquely identi
fied in a heavy ion detector system (2) at 4°. The time of flight of the 
heavy ion was measured between two carbon foil detectors with a time reso
lution of 250 ps. The energy loss and residual energy were measured with an 
ionization chamber and a Si(Sb) detector, respectively. A particular feature 
of the telescope WPS the thin entrance window of 15 ug/cmz. In the figure 
a projected proton ersrgy spectrum is shown. 

The dominant features 
of the spectrum are peaks 
due to final state inter
actions in the '6o-n system 
corresponding to excited 
states of l 7 0 . 

Preparations e,re being 
made to perform three-body 
calculations with the 
Doleschall code in order (/} 
to study the validity of f-
a three-body picture of Z 
this reaction. 2 
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1. L. G lan t z , A. Johansson, I . Koersner and B. Sundqvist , TLU 60/78, 
Tandem Laboratory Report, Uppsala 1978 

2. B. Sundqv is t , H. Berggren, K. -H. F l o d k v i s t , A. Johansson and I . Koersner, 
IEEE T ransac t ion on Nuclear Science NS-24 (1977) 652 
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Precision Measurement of Proton-Proton Scattering Above 1.0 MeV 

A.E. Vlieks and PI. Kohler, Physik-lnstitut der Universitat Zurich, 
Schonberggasse 3, 8001 Zurich, Switzerland 

Cross-section measurements at 1.43, 1.86, 2,43, and 3.04 MeV have 
been completed as part of a continuing program to measure precise 
proton-proton scattering cross-sections in the energy range 
0.35 - 5.0 MeV. This current phase of the program was undertaken 
to reproduce and check the results of others (Knecht et al.1) whose 
results have come under discussion by a number of authors (see 
Sher et a l . 2 ] . Final results of our work at the above energies will 
be presented as well as a comparison with the work of Knecht et al. 1. 

References: 
1 D.J. Knecht, P.F. Dahl, and S. Hesselt, Phys. Rev. ^̂ 48 (1966), 1031. 
2 M.S. Sher, P. Signell, and L. Heller,. Ann. Phys. 5̂8 (1970), 1. 
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CONTRIBUTIONS OF MESON EXCHANGE CURRENTS TO ELASTIC PHOTON SCATTERING OFF 
DEUTERIUM 

H. Arenhovel and M. Ueyrauch 
Institut fiir Kernphysik 

Johannes-Gutenberg-Urn" vers i tat 
D-6500 Mainz, W.-Germany 

The presence of an exchange part in the NN-interaction does not only 
require an additional two-body exchange current but also an additional two-
photon amplitude in order to fulfil gauge invariance requirements for the 
total nuclear two-photon amplitude. This exchange amplitude is of two-body 
nature and associated with a two-photon process like photon scattering dur
ing the exchange of a meson mediating the nuclear force (see fig. 1). Re
cently it has been suggestedl) that this exchange amplitude gives a rather 
large contribution to nuclear photon scattering at higher energies, say 
abound E^.=100 MeV. This prediction, however, has been based on extrapola
tions of the low energy limit of the two-photon exchange amplitude, which 
is determined by gauge invariance, to higher energies. To avoid such ques
tionable extrapolations we have evaluated explicitly this exchange ampli
tude for the one-pion exchange potential2.3) and have calculated its con
tribution to the elastic forward scattering amplitude for deuterium. The 
result is shown in fig. 2 together with the resonance amplitude. One can 
see that the exchange contribution is rather small and, thus, it seems 
that the previous estimates have overestimated its influence quite consi
derably. 

Fig. 1 Fig. 2 

1. P. Christillin and M. Rosa-Clot, Nuovo Cimento 43A (1978) 172 
2. J.L. Friar, Phys. Rev. Lett. 36 (1976) 510 
3. H. Arenhbvel, preprint, Mainz~T1979), KPH 17/79 
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MEASUREMENT OF THE ASYMMETRY FACTOR IN D(Y,np) REACTION INDUCED 
BY MONOCHROMATIC, LINEARLY POLARIZED GAMMA RAYS. 

W. Del Bianco , L. Federici, G.Giordano, G.Matone, G.Pasquariello, P.Picozza 
INFN - Laboratori Nazionali di Frascati. 

R.Caloi, L.Casano, L.Ingrosso, M.P.De Pascale, M.Mattioli, E.Poldi, C.Schaerf 
Istituto di Fisica dell'Universita di Roma, and INFN - Sezione di Roma. 

P.Pelfer, D. Prosperi 
Istituto di Fisica dell'Universita di Napoli, and INFN - Sezione di Napoli. 

S. Frullani, B. Girolami 
Istituto Superiore di Sanita, and INFN - Sezione Sanita. 

H. Jeremie 
Montreal University 

Old experimental data of Liu in the energy interval 75 ±230 MeV on the deuteron 
photodisintegration had pointed out 5 discrepancy with Partovi theoretical calculation. 
More recent experiments performed at lower energies have shown not clear, contradicto
ry results about the suitability of Partovi's theory to give account of the experimental 
results. 

The differential cross section for the deuteron photodisintegration induced by 
linearly polarized y-rays can be written in the form: 

do /d8 = l o te) [1 + P l (ft) cos 2 Oj 
where ft and 0 are the angles that one of the 
ejected nucleons makes with the direction of 
the momentum and with the electric field of 
incident photon, respectively, I is the value of 
the cross section for unpolarizea y-ray beam, P 
represents the degree of linear polarization of 
the photon beam and Z is the asymmetry factor 
deduced from measurements of the differential 
cross section at 0=0° and 0=90°. 

Using the monochromatic and polarized 
( P e l ) y-ray beam of the LADON"7 facility in 
Frascati National Laboratory we have measured 
the asymmetry factor at -̂ =90° in the energy 
interval E Y = 1 0 + 40 MeV. In Figure, the 
measured values of E (90°) as a function of y-
ray energy have been plotted as well as the 
theoretical results of Partovi. Within the expe
rimental accuracy the measured value? ;j:e 
consistent with Partovi's theory. 

0 20 40 60~ ~ iO 100 120 

LAB-GAUM*-nAr E n a r s v , . v ) 

(«) On leave of absence from the Montreal University. 
1. F.F. Liu, Phys. Rev. BI38, 1143 (1965). 
2. F. Partovi, Ann. of Phys. 27, 79 (1964). 
3. L. Federici, G. Giordano, G. Matone, P. P'-'ozza, R. Caloi, L. Casano, M.P. De 

Pascale, M. Mattioli, E. Poldi, C. Sch^c-n P Pelfer, D. Prosperi, S. Frullani, B. 
Girolami, in: Nuclear Physics with Eie^xr- 'magnetic Interactions Ed. by H. 
Arenhovel and D. Drechsel, Lecture Note* in f-Jwsics 108, (Springer, 1979), pag. 234-
239. 

0EUTEROM PHOTOOlSINTEGRiT ION 
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PHOTODISINTEGRATION OF QUASI-FREE TWO-NUCLEON SYSTEH INSIDE Be NUCLEUS 
S. Homma, M. Kanazawa, K. Maruyama, Y. Murata, H. Okuno 

A. Sasakr , and T. Taniguchi''"'' 
Institute for Nuclear Study, University of Tokyo 

Tanashi, Tokyo 188, Japan 
t Faculty of Education, Akita University, Akita 010, Japan 

tt Department of Physics, Hiroshima University, Hiroshima 730, Japan 
In order to study the nucleon-nucleon correlation inside nucleus, 

momentum spectra of protons in the reaction of y + Be •* p + anything in 
the incident energy range from 180 MeV to 4Z0 MeV were measured by a 
magnetic spectrometer located at the angle of 25° in the laboratory 
system. Tagged photons were used as an incident beam. 

The momentum spectra obtained at various incident energies are shown 
in Figure 1, where we see two Gaussian type peaks. For the peak at lower 
momentum, the location and its change as a function of incident energy 
as well as the value of the integrated cross sections over this peak 
indicate that the protons in this peak come mainly from the recoil protor 
in the pion production from the quasi-
free nucleons inside Be nucleus. For 
the peak at higher momentum, it is 
noted that this peak disappers as 
shown in Figure 2 when we require the 
scintillation hodoscopes which sur
rounded the target in order to detect 
charged particles accompanyed by the 
fectrometer protons. In this Figure, 

s are the events in the reaction of 
Y + Be + p + anything and 9s are the 
events in the reaction of y + Be + p + 
(charged particle) + anything. This 
fact together with the peak location 
and its change as a function of enargy 
indicate that the protons in this peak 
area come mainly from the photodis-
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integration of quasi-free 
deuteron-like proton-neutron 
system inside Be nucleus. The 
integrated cross sections are 
about 13 times larger than 
the existing cross sections 
of the photodisintegration of 
free deuterons. 
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COMPARISONS OF M8 TRANSITIONS TO ( Q g / ^ ^ V 
STATES IN 5 4Fe, 5 8 N i . AND 6 0 N i f 

R. A. Lindgren, M. A. Plum, R. S. Hicks, B. Parker, and G. A. Peterson 
University of Massachusetts 
Amherst, Massachusetts 01003 

X. K. Maruyama 
National Bureau of Standards 

Washington, D.C. 20234 

C. F. Williamson 
Massachusetts Ins t i tu te of Technology 

Cambridge, Massachusetts 02139 

As part of a program to determine the systeniatics of the (99/2^7/2) 
particle-hole spectroscopic strength for states with spin par i ty 
8", we have made electron scattering measurements on °"Hi at the Bates-MIT 
Electron Linear Accelerator Fac i l i ty . Data were taken at incident electron 
energies of 150, 170, 185, 205, 245, and 275 MeV at 9 = 140° and 193 HeV at 
8 =180°. Several high multipole transit ions were observed to levels of 
excitation up to 18 MeV excitat ion. In part icular , levels at 7.55, 8.45, 
12.36, 12.53, 13.96, 14.87, 15.33, and 16.13 MeV are strong candidates for 
j " = 8" assignments. The M8 strength is fragmented and spread over both Tg 
and Tn + 1 levels as previously observed in 58m. 1) The tota l M8 strength 
summed over the above levels is approximately the same as in 58f)i i which is 
about one-third of the extreme single par t ic le shell model predict ions. 
The,J^Ni.results w i l l be discussed together with previously reported results 
on 5°Ni ' ' and " p e 2 ) focussing on the re la t ive differences in the i r isospin 
structure and comparison with model calculations. 

Most of the individual 8" levels do not contain much of the (gg/2^7/2) 
configuration, and probably consist mostly of multi part ic le-mult i note type 
configurations. However, for one-body inelast ic excitations, [ e . g . , (e,e') 
(p ,p ' ) ( i i , i i ' ) ] only the stretched (99/2^7/2)8" element of the density mal: ix 
contributes to the scattering amplitude regardless of the complicated nature 
of the wave function as long as we can. neglect > 3 *io part ic le-hole configu
rations. This s impl i f ies the calculations of the scattering amplitude in 
that some terms are either zero or are negl igible. A discussion on how the 
spectroscopic factors deduced from (e.e 1 ) can be used in the interpretat ion 
of (p»p') measurements to deduce information on the nuclear force w i l l also 
be presented. 3) 

Work supported by the U.S. Department of Energy. 
1. R.A.Lindgren, C.F.Williamson, and S.Kowalski, Phys. Rev. Let ts . 40 

(1978) 304. 
2. R.A.Lindgren, J.B.Flanz, R.S.Hicks, B.Parker, G.A.Peterson, 

C.F.Williamson, S.Kowalski, and X.K.Maruyama, Bul l . Am. Phys. Soc. 24 
(1979) 52. 

3. R.A.Lindgren, W.J.Gerace, A.D.Bacher, W.G.Love, and F.Petrovich, 
Phys. Rev. Let ts . 42 (1979) 1524. 
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ELECTKON-DEUTERON SCATTERING AMD THE DEUTERON WAVE FUNCTION 

L.J. Allen and H. Fiedeldey 
Physics Uept., University of South Africa, P 0 Box 392, Pretoria. 

We have recently shown that the measurement of the e-d tensor polariza
tion T;c in addition to the deuteron electric form factor A out to momentum 
transfers q = 4.5 fnT would not allow us to distinguish between a P D varying 
from 4.5 to 7.5, mainly due to the uncertainty in G£n« the neutron electric 
form factor1'. Haftel et al 2) concluded tnat T 2* i could distinguish between 
several competing NN potentials VJJJJ, especially their Py. Their results how
ever indicate that Tj i is not very sensitive to Py for realistic VJJJ;. It only 
discriminates against unrealistic separable V^. As in ref. I we adopt a more 
stringent criterion for the usefulness of proposed measurements of T; i etc. 
One should demonstrate that T21 discriminates between all physically reason
able deuteron wave functions with different P n, as can be generated by means 
of strictly finite and short range unitary transformations from one of the 
realistic VJJN (in our case the SSC potential). For our transformed wave func
tions, 11-16, 4.54 « P D < 7.55'). 

In terms of this more stringent criterion we have shown that 
a) T2 i (q) for q $ 4 fm cannot fix the P^ of the deuteron (see Fig. i - R a v 

specifies Cg,,3'). 
b; Our family 

of deuteron 
wave func
tions indi
cates that 
l'2i(q) for 
q <T 4 fm _ 1 

could dis
criminate 
between some 
competing 

T21 f-
•6 

VNN (see 
Fig. 1). 
However it is 
difficult to 
draw firm 
conclusions 
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FIG. 1 
about using X21 to fix P n as the variation in T2i in this region is mainly 
the result of a wide variation in the magnetic form factor B for the diff
erent deuteron wave functions (which is also the case for other realistic 
VNN ) • A narrowing of the range of variation especially in B, by plotting 
Tzi/Gy and in A by taking the uncertainty in Ggn into account, reduces the 
sensitivity of T21 to P D considerably (see Fig. 2). 

c) It appears to be essential to improve and extend the data on A and especi
ally B, as proposed by Arnold et al1*', and also on G]rn. Some details of 
the deuteron are more clearly visible in B than in A. For interactions 
which fit such improved pseudodata on B and A the measurement of T20 and 
T 2 ] does not appear to improve our ability to determine the properties of 
the deuteron very much, unless they are carried out at high accuracy and 
for q 5 4 fm" l . 

1. L.J. Allen and H. Fiedeldey, J. Phys. G 5 (1979) 1555 
2. M.J. Haftel, t. Mathelitsch and H.F.K. ZTngl, Graz preprint (1979) 
3. W. Bertozzi et al, Phys. Lett. 4_1B (1972) 40B 
4. R.G. Arnold, B.T. Chertok, S. Koch, T.A. Schmid, Z.M. Szalata and B.A. 

Mecking, American University and Universitat Bonn preprint (1979) 
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IMPLICATIONS OF THE 1/E DEPENDENCE OF THE 7Li(p,n)7Be TOTAL REACTION" 
CROSS SECTION IN THE ENERGY RANGE 25 ^ E _'_ 200 MeV 

C. C. Foster, T. E. Ward, and G. E, Walker 
Indiana University 

Bloomington, Indiana 47405 

with 

J. Rapaport 
Ohio University 
Athens, Ohio 43701 

The measured*'-' excitation function, a(E), of the 7Li(p,n)7Be total 
reaction cross section is observed to vary inversely with the incident proton 
energy, E, from 25 to 200 MeV. A theoretical analysis, assuming the PWIA, 
an energy independent, very short range interaction, using harmonic oscil
lator wave functions and neglecting exchange effects, yields such an 1/E 
dependence for the summed inelastic scattering differential cross section 
to a particular state. This result implies that o(E) = 725.3 (1/E) - 0.295 
with o in millibarns, E in MeV and a determination coefficient of 0.998. It, 
further, implies that (V„2 + 2.36 V o l r

2) is independent of incident proton 
energy. Using recently reported determinations-" of V T and V O T at 24.8, 35 
and 45 MeV (V T

2 + 2.36 V 0 T
2 ) = 537 MeV 2 is obtained. Figure 1 is a plot of 

|vT| and |V 0 T| versus E. The solid curves were calculated using this rela
tion and experimental values,3-4) of ( V 0 T / V T ) 2 at 24.8, 35, 45, 80 and 120 
MeV. Dotted curves are based on a reasonable extrapolation of the observed 
energy dependence4) of (V_ / V T ) Z . 

'''Work supported in part by the National Science Foundation. 
1) S. D. Schery et al., Nucl. Instr. Methods 147_ (1977) 399. 
2) C. C. Foster et al., Bull. Am. Phys. Soc. 24. (1979) 828. 
3) S. A. Austin et al., preprint (1980). 
4) J. Rapaport et al., Bull. Am. Phys. Soc. 24_ (1979) 830. 
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SIMULTANEOUS MICROSCOPIC ANALYSIS OF MEDIUM ENERGY p H*p H, p He->p He 
AND p3H-*n3He REACTIONS 

G. BIZARD and A. OSMONT 
Laboratolre de Physique Corpusculaire LA34, associe a l'IN2P3 

ISMRA, University de Caen, France 

The differential cross-sections of the elastic p H and p He scatterings 
and of the charge exchange reaction p3H-»n3He are now available at 415 MeV and 
600 MeV <1) . 

Expressing the nucleon-nucleus amplitudes through a spin-isospin depen
dent Glauber model in terms of the nucleon-nucleon phase shifts(2), we are 
able to describe simultaneously and satisfactorily the three differential 
cross-sections at both energies. 

The figure below shows fits of the 415 MeV experimental data. The spin-
isospin dependent N-N amplitudes at all orders of the scattering expansion, 
are constructed with the recent phase shifts of Bystricky et al(2). The Chew 
kinematical approximation is used to account for the off-shell N-N interac
tion. At both energies, the best results were obtained using the theoretical 
wave function of Fabre de la Ripelle'3) for p3H-Hi3He and the phenomenological 
wave function of Samaranayake and Wilk'4' for the elastic angular distribu
tions. The results displayed here are those obtained with this last wave 
function. 

The 600 MeV results, not shown here, are also well described by the 
model although they are more sensitive to the phase shifts set. 
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(1)- G. BIZAED dt al, Nucl. Phys. A3 38 (1980) 451 
(2)- J. BYSTRICKY et al, DPHPE 79-01 
(j)- M. FABRE de la RIPKT.T.R, Session d'Etudes, La Toussuire (1971) 55 
(4)- V.K. SAMARANAYAKE and G. WILK, Lett. Nuov. Cim. 4 (1972) 1 
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MEAN FREE PATH OF PROTONS INSIDE THE NUCLEUS AT En = 800 MeV 
DETERMINED FROM TWO-PROTON CORRELATIONS IN pA COLLISIONS* 
I. Tanihata, + + S. Nagamiya, S. Schnetzer, and H. Steiner 
Lawrence Berkeley Laboratory, University of California 

Berkeley, California 94720 
Inclusive proton spectra and two-proton correlations have been measured 

in collisions of 800 MeV protons on C, NaF, KC1, Cu, and Pb targets. A mag
netic spectrometer was used to measure the inclusive spectra at laboratory 
angles from 10 to 60 for proton momenta between 0.5 and 2.0 GeV/c. When the 
spectrometer was set at e=40°, two-proton coincidences were measured with one 
proton detected by the spectrometer and the other proton detected by one of 
two plastic counter telescopes placed at (e,*) = (40°, 180°) and (40°, 90°), 
where the spectrometer was located at 4 = 0°. 

In inclusive proton spectra strong peaks associated with pp or pn guasi-
elastic scatterings (QES) were observed at small angles (15° & 30°), whereas 
at large angles (40° & 60°) no structures were seen in the momentum spectra. 
In two-proton coincidences, a peak due to pp QES clearly appeared in the pro
ton momentum spectrum at 40° when the other proton was detected with the tele
scope at 4=180° (In-plane two-proton coincidence); however, no structures 
were still seen in the spectrum when the coincidence was taken with the 4 = 90° 
telescope (out-of-plane coincidence). 

The figure shows the target-mass dependences of the yields at the peak 
regions of QES. Inclusive yields, shown 
at the top, increase monotonically as a 
function of the target mass, while tĥ . 
in-plane coincidence yields, shown at 
the bottom, have a maximum value at a ' 
target mass around 40-50. As we in- * 
crease the target mass, the probability 
of having pp QES increases, but at the 
same time, the probability of rescatter- j 

ings after the pp QES also increases. 
In the present measurements the spectro
meter and the in-plane telescope covered 
very limited kinematical regions, such 
that, if either proton from pp QES was 
rescattered inside the target nucleus, 
it would not be detected. The probabi
lity of detecting in-plane coincidence 
could, therefore, be lower for heavier-
mass targets, due to such rescattering 
effects. 

By parameterizing the rescattering 
effects before and after the pp QES by 
the mean free path \, we fitted the ob
served target mass dependence. When 
we take \ = 2.5 ±0.5 fm for protons at 
800 MeV, then the data are very well 
reproduced, as seen in the figure. 
This value is about 1.6 times larger 
than the value expected from the free 
nucleon-nucleon collisions. 

+Work supported by the Nuclear Science Division of the U.S. Department of 
Energy, the Yamada Foundation, and the INS-LBL Collaboration Program. 

"On leave from INS, University of Tokyo, Tanashi-shi, Tokyo, Japan. 
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POSSIBLE ISOBAR MECHANISM FOR THE PRODUCTION OF HIGH MOMENTUM PARTICLES 
IN THE BACKWARD DIREf.flON IN RELATIVISTIC NUCLEAR COLLISIONS 

J.W. Har r i s , J . Brannigan, J.V. Geaga, L.S. Schroeder, and R.N. Treuhaft 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, Cal i fornia USA 

and 
A. Sandoval, H.E. Stelzer and R. Stock 
Gesellschaft fur Schwerionenforschung 

Darmstadt, West Germany 

There exists considerable long-standing controversy on the origin of 
particles with high momentum in the backward direction. Since production of 
nucleons beyond 90° in the laboratory is kinematically forbidden in free 
nucleon-nucleon interactions, particle emission in this region is of partic
ular interest. Single hard-scattering combined with internal Fermi motion, 
multiple scattering cascades, and intranuclear correlations are a few of the 
most notable backward particle production mechanisms that have been proposed. 
Inclusi/e proton momentum density distributions accumulated from recent pro
jectile and target fragmentation experiments in conjunction with theoretical 
predictions suggest the presence of short-range correlations in the nucleus 
as an important mechanism.1 

In the interest of obtaining more-complete-event information on the 
production mechanisms associated with backward particle emission, the 
exclusive charged-particle production accompanying backward particle emission 
has been studied at the LBL Streamer Chamber at the Bevalac. The streamer 
chamber was triggered on a charged-particle at 9iaj, >90 and approximately 
10,000 events were photographed in the bombardment of C, KC1, and Bal2 
targets with 2.1 GeV protons. Since production of the A(3,3) isobar in the 
reaction p+p*n+A++(1232) accounts for a major fraction of the pp total cross 
section at energies from 1-2 GeV, the effects of the subsequent decay 
[A++->p + ir+] and/or absorption[A +n*p+p] of isobars on the backward particle 
spectra are considered. If isobar production is an important mechanism, a 
back-to-back [180°] correlation between the proton and TT+ in the A + + decay 
frame and between the two protons in the (A + ++n) absorption frame is expect
ed. This correlation may be preserved in the laboratory system due to the 
dominance of low momentum transfer in the production cross section of the 
A + + isobar. A 180° correlation between the angles of positive charged-
particles is observed in the present experiment providing the first sugges
tion that A(3,3) isobar production is an important mechanism for the pro
duction of high momentum particles in the backward direction. Short-range 
correlations in the nucleus are not dismissed by the isobar mechanism, but 
are no longer necessary. However, their presence would enchance such a 
mechanism. 

tThis work was supported in part by the Division of Nuclear Physics of the 
Office of High Energy and Nuclear Physics of the U.S. Dept. of Energy, 
and the Bundesministerium fur Forschung und Technologie, West Germany. 
1. J.V. Geaga, S.A. Chessin, J.Y. Grossiord, J.W. Harris, D.L. Hendrie, 

L.S. Schroeder, R.T. Treuhaft and K. Van Bibber 
Lawrence Berkeley Laboratory Report No. LBL-10265 (1980). 

2. 0. Benary, L.R. Price and G. Alexander, University of California 
Radiation Laboratory Report No. LBL-20000 NN (August 1970). 
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NEGATIVE PARITY PARTICLE HOLE EXCITATIONS BY INELASTIC PROTON 
SCATTERING ON g C a AND SPIN ISOSPIN MODE INTKIACTIONS 

H. E J i r i , M. Sasao , H. Ohsumi , T . S h i b a t a , K. T s u j i t a , 
Y. F u j i t a , M. F u j i w a r a , H. I k e g a m i , I . Katayama, S. Mor inobu , T . Yamazaki 

• D e p t . P h y s i c s and RCNP, Osaka U n i v . , Osaka 560 , JAPAN 

1(0 I n e l a s t i c p r o t o n s c a t t e r i n g on t h e d o u b l e c l o s e d Ca were i n v e s t i g a t e d 
t o s t udy v a r i o u s t y p e s of p a r t i c l e - h o l e e x c i t a t i o n mechanism. The p r e s e n t 
work r e p o r t s s p i n f l i p _ i s o s c a l a r e x c i t a t i o n ( 2 ~ , T=0) , s p i n f l i p i s o v e c t o r 
e x c i t a t i o n s (2~ T = l , k T = l , 3~ T = l ) and n a t u r a l p a r i t y c o l l e c t i v e e x c i t a t i o n s 
( 3 ~ , 5 ) • I n e l a s t i c a l l y s c a t t e r e d p r o t o n s from t h e ^ t a ( p , p 1 ) r e a c t i o n a t 
Kp=65 MeV were measu red from 8° t o 90° (momentum t r a n s f e r q = 0 . 5 - 3 . 5 m^C) by 
means of t h e m a g n e t i c s p e c t r o g r o p h RAIDEN. Many l e v e l s of A s = l , 0 ana AT=1, 
0 were d i s t i n c t l y e x c i t e d a s shown i n F i g . 1 . The a n g u l a r d i s t r i b u t i o n s ( F i g . 
2) f o r t h e l o w - l y i n g 3 and 5~ s t a t e s w e r e r e p r o d u c e d by DWUCK-U c a l c u l a t i o n s 
fo r t h e c o l l e c t i v e e x c i t a t i o n s . U n n a t u r a l p a r i t y 2 " s t a t e s w i t h T = l ( i s o v e c t o r ) 
and t h e 2~ s t a t e s w i t h T=0 ( i s o s c a l a r ) w e r e i n a c c o r d w i t h t h e DWBA71* c a l c u 
l a t i o n s fo r ( d^ ) ( f i ) p a r t i c l e - h o l e e x c i t a t i o n s u s i n g t h e c e n t r a l + LS + 
smooth q. - d e p e n d e n t t e n s o r f o r c e s . No s t r o n g enhancement f o r t h e i r - l i k e (2~ 
AT=1. As=l) e x c i t a t i o n was found a t q~2 .5 JUTTC i n c o n t r a d i c t i o n t o t h e t h e o r y 
w i t h IT c o n d e n s a t i o n p r o x i m i t y 2 . The q d e p e n d e n c e fo r t h e i t - l i k e e x c i t a t i o n ( 2 ~ , 
T= l ) i s s i m i l a r t o t h e i s o s c a l a r e x c i t a t i o n ( 2 ~ , T=0) . The d i s t o r t i o n e f f e c t 
and t h e two s t e p p r o c e s s a r e under c o n s i d e r a t i o n . 

MOMENTUM SPECTRUM OF C a ( p . p ' ) F i g . 1 . 
1 ) H. E j i r i and J . F u j i t a , 

P h y s . Rep. 38C, 86 
2 ) H. Toki and W. W e i s e , 

P . R . L . k2j_ 1031* 

F i g . 2 . Angula r d i s t r i b u t i o n s . ! 
S o l i d lines:DWBA7U f o r g 
p o t e n t i a l s u s e d by 5 
P e t r o v i c h ( P . L . U6_BlUl); * 
dashed l i n e s f o r t h o s e 8 
by Ber sel l ( N . P . 28U, 
3 9 9 ) . l o t t e d l i n e i s t h e e 
planewave c a l c u l a t i o n s ° M 

w i t h t h e p r o x i m i t y of TT-
c o n d e n s a t i o n ( r e f . 2 ) 
w i t h g ' = 0 . 5 . S o l i d l i n e s 
f o r 3 and 5~ a r e by 
DWUCK f o r c o l l e c t i v e 
e x c i t a t i o n s . 
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POSSIBLE EVIDENCE FOR THREE-BODY FORCES IN THE 2H(a,pa)n REACTION 
S.S. Dasgupta+, R.J. Slobodrian, R. Roy, C. Rioux, F. Lahlou 

Universitg Laval, Dgpartement de Physique, Laboratoire de Physique NuclSaire 
Quebec G1K 7P4. 

To a good approximation, at low energies, the alpha particle can be con
sidered to be a structureless boson. The alpha-proton-neutron final state 
three body system is then an obvious next step with respect to three nucleon 
studies. Experiments to-date have been performed at incident energies 
E a a 15 MeV. We measured the energy dependence of the correlation cross-
sections 2H(a,pa)n reaction at e a = 150 a n d e = .30° between 9.735 and 
11.30 MeV incident energies, i.e. 3.07 to 3.77 MeV CM energies, leading to 
very low kinetic energies for the final-state: 0.84 to 1.54 MeV. An a-par-
ticle beam from the Universite Laval 7.5 MV Van de Graaff was incident on 
deuterium at a pressure of 70 torr, contained in a 53 cm diameter scattering 
chamber, isolated by entrance and exit Havar foils 2.1 mg cm"2 thick. A fast-
slow coincidence technique was used and data were accumulated on line, con
sisting of the EQ, E a and timing pulse. Due to the difference in time of 
flight of particles along the kinematically allowed region of the ti-E 2 plane, a correction was calculated event by event, and the resulting prompt time 
peak has a resolution of 1.5 nsec. The data were corrected for random corre
lations using a digital gate in different time regions outside the prompt 
peak. The events within the allowed kinematic band were projected upon the 
central arc in 250 keV steps, yielding the cross sections d3a/dfiadnpdfis shown. The dashed lines are phase 
space curves and the data depart mar
kedly from them. Final state n-oc and p-a 
interactions yield the solid lines which 
show poor agreement with the data. It has 
been noticed recently!) t n at in the p+d •* p+p+n very near threshold there is 
an excellent agreement of the experimental 
correlations with calculations based on 
the two-pion exchange three-body force2), 
producing a transition probability pro-
portinal to P23.P13, product of the rela
tive momenta of particles 2-3 and 1-3 
(3 = neutron). We have tried a similar 
approach in the present case and the dot
ted lines of fig.l show also a much better?' 
agreement with the data at 10.8 MeV and 
below. The incoherent addition of these 
two contributions should improve conside
rably all fits to the low-energy data. 
Hence it is possible that three-body for
ces and correlations are indeed determi
ning these spectral shapes very near 
threshold. 

tPresent address, the University of Burdwan. Burdwan, 713,101, India. 
1) R.J. Slobodrian, S.S. Dasgupta, C, Rioux. F. Lahlou and R. Roy, to be 

publi shed. 
2) B.H.J. McKellar, in Few Body Dynamics, Eds. A.N. Mitra, I. Slaus, V.S. 

Bhasin, V.K. Gupta, North Holland, 1975. p. 5Q8 ana refs. therein. 
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LOW-ENERGY ALPHA-INDUCED DEUTERON BREAKUP STUDIED WITH A SIX-DETECTOR 
SYSTEM AND A FADDEEV ANALYSIS 

L. Glantz, I. Koersner, G. Janson, A. Johansson and B. Sundqvist 

Tandem Accelerator Laboratory 
Box 533 

S-751 21 Uppsala 
Sweden 

The a-induced deute-on breakup 2n(a,ap)n has been studied at three 
different energies at the Tandem Accelerator Laboratory in Uppsala (TLU). 

The H(a,ctp)n reaction has been studied previously at TLU at 15 MeV 
laboratory energy ' ) . Three-body model calculations based on the assumption 
that the a-particle can be regarded as elementary has been performed by 
Doleschall 2) a n (j Koike 3). These calculations have been rather successful 
in reproducing the experimental spectra. However, Koike has pointed out that 
a I* resonance in °Li, corresponding to about 13 MeV laboratory energy of the 
incoming a-particle, has significant influence on the reaction mechanism over 
a rather large energy interval. The resonance behaviour is also seen in the 
eigenphases from the Doleschall calculation. To investigate the influence 
of the structure of the compound system ^Li on the validity of the three-
body assumption the ,ap)n reaction has been studied at 13, 15 and 18 
MeV laboratory energy. 

The TLU experiment was kinematically complete and made with a (CD2) n 

target and a multiparameter system consisting of six Si surface barrier 
detectors and a CAMAC interface with eight ADC's. It was thus possible to 
detect coincidences in 15 detector pairs at the same time. To be able to 
handle coincidences from the 2H(a,otp)n and l 2C(a,aa) 8Be reactions it was 
necessary to identify protons which was done with a tlme-of-fIight technique. 

A preliminary analysis indicates that the agreement between experiment 
and calculation is not as good at 13 MeV as at 15 MeV. 

1. L. Glantz, Low-energy scattering in nuclear three-body systems, 
Doctoral thesis, Tandem Accelerator Laboratory, Uppsala 1978 
I. Koersner, Three-body scattering processes in few-nucleon systems. 
Doctoral thesis, Tandem Accelerator Laboratory, Uppsala 1978 

2. P. Doleschall, private communication 
3. Y. Koike, Nucl. Phys. A30I (1978) 411 
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SEARCH FOR THE 11.2b MeV 1 + T= 1 LEVEL IN : o N e AS A PARITY FORBIDDEN RESONANCE 
IN THE 1 60(a,y) 2 oNe REACTION 

L.K. Fifield, W.N. Catford, S.H. Chew, E.F. Carman and K.N. Allen 

Nuclear Physics Laboratory. Oxford 0X1 3RH, England 
and 

J. Lowe and C.E. Waltham 

Physics Department, University of Birmingham, Birmingham B15 2TT, England 

The two levels in 2 0 N e at 11.23 MeV (1~ T=0) and 11.26 MeV (1 + T=l) 
have been proposed as a particularly suitable system in which to search for 
evidence of an isovector, parity violating weak component in the nucleon-
nucleon force. Mixing of these two levels due to such a component would give 
rise to a parity violating a-particle decay of the 1 + T=l level to the 0 
ground state. We have therefore searched for the 1 + T=l level as a parity-
forbidden resonance in the 1 60(a,y) 2 0Ne reaction at E a = 8.17 MeV. 

The experiment employed the Oxford differentially pumped gas target, 
and f-rays were detected in a 25.4 x 30.5 cm Nal(Tl) crystal with a plastic 
scintillator anticoincidence shield. The detector was heavily shielded by 
lead, borated paraffin wax and concrete. The principal source of background 
at the target thickness used (2 keV for 8 MeV a-particles) was 11.26 MeV 
Y-rays from broad underlying resonances, with smaller contributions from 
cosmic rays and fast neutrons. The resonance energy of the 1 + T=l level was 
defined relative to the very narrow 1" T=l level at 11.28 MeV 1 ) . [The 
separation of this latter level and the 1 + T=l level was determined in a 
separate measurement employing the 1 9 F ( 3 H e , d ) 2 0 N e reaction]. The measurement 
consisted of a series of scans. 

1~T=1 Resonance 
Eg'SlSO keV 

each starting at the 1" T=l 
resonance, followed by 7 steps "oia'»)!*Ne 
spanning a total energy 
interval of 7 keV centred on 
the expected energy of the 1 + 

resonance. The result is 
shown in the figure, where the 
number of counts in the 11.26 
MeV photopeak/mC of beam 
charge are plotted as a 
function of the beam energy. 
There is no evidence for a 
resonance at the expected 
energy of the 1 + T=l level, 
and we extract a 2o upper ~ -ii Ji ^2 1̂0 -«" -* 
limit on Tj of 3 x 10" 5 eV. E.-Einik.vi 
Using the known properties oi 
the 1" T=0 and 1 T=l levels, this is related to the matrix element of the 
parity non-conserving (PNC) potential by *) 

" < 1 + ' 

h i i ' i 

4-
Eipected energy 
of 1* resonance 

• ' ' L _ 

IW 1" 
From our measured upper limit, we infer that | 

Further measurements are in progress. 

12 e v 
+ 1V, 

PNC 1" 1.2 eV. 

1) J.M. Davidson and H.M. Lowry, Phys.Rev.C18(1978)2276. 
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MAGNETIC MOMENT OF THE FIRST EXCITED Z+-STATE IN 1 0 0 Z r 
A. Wolf , G. Battistuzzi, K. Kawade, H. Lawin, K. Sistemich 

Institut fiir Kernphysik 
Kernforschungsanlage Jill ich 
D-5170 Jillich, F.R. Germany 

The transition from spherical to deformed nuclei in the chain of Zr-iso-
topes is by now well established: between 9 BZr and 1 G 0 Z r a dramatic decrease 
of the energies of the first excited 2* and 0 + levels was observed1'*). Recent 
theoretical calculations have shown3) that this may be due to the interaction 
between the ng 9/2 and yg?/ 2 orbitals. Since magnetic moments of nuclear states are sensitive to the wave func
tions, an experiment was undertaken to measure the g-factor of the first 
excited 2 + state in 1 0 0 Z r . We used the integral perturbed angular correlation 
technique for the 0* + 2* + 0 + y.Y-cascade, which is populated after 6-decay 
of 1 0 0 Y . The 1 0 0 Y nuclei were obtained at the fission product gas-filled 
separator JOSEF and brought with an air-jet and tape transport system to the 
counting position between the pole pieces of an electromagnet (field strength 
30.7 ± 0.5 k Gauss). Three Ge(Li) detectors at about 10 cm from the source 
provided two Y.y-coincidence pairs at the angles of 210° and 330°. 

The g-factor was deduced for both angles from the double ratio 
2 N^e.-.B) N2(e,»,B) 

R ( e ) = H1(e,-.-Bj ' Nz(e.-,-B) 
where N { . N2 are the in tensi t ies of the 213 keV (2 +-K) +) and 119 keV (0 + - 2 + ) 
t ransi t ions in the corresponding coincidence gates. Thus no normalization 
was needed. The h a l f - l i f e of the 2 + leve l , t i / 2 = 0.71 ± 0.03 ns, was taken 
from re f . * ) . The results are given in Table I . 
Table I : Values of R(0) and g 

R(e) g g a 

210° 0.851 ± 0.035 +0.231 ± 0.055 
330° 1.157 ±0.070 +0.210 ± 0.085 

saverage 
+0.22 ± 0.05 

The value of g is significantly smaller than the prediction Z/A = 0.4 of the 
hydrodynamical model. BCS calculations5) predict small (g = 0.14) values of 
the g-factor for the 2 + states of 9 " , 9 6 Z r . The onset of deformation in " ' " " Z r 
may definitely cause higher values of g, as actually observed in our experi
ment. In fact, the value g(2 +) = 0.22 ± 0.05 for 1 0 0 Z r , reported here, may be 
considered as intermediate between small g-factors in spherical nuclei and 
the larger g ̂  Z/A = 0.4 predicted by the hydrodynamical model. 
Permanent address: Nuclear Research Centre Negev, Beer-Sheva, Israel 

1. E. Cheifetz et al., Phys. Rev. Lett. 25, 3a (1970) 
2. T.A. Khan et al., Z. Physik A283., 105"Tl977)' 
3. P. Federman and S. Pittel, Phys. Rev. C20, 820 (1979) 
4. R.C. Jared et al., Proc. Symp. Phys. and Chemistry of Fission; IAEA-

Rochester 1973, vol. 2, p. 211 
5. R.J. Lombard, Nucl. Phys. A114, 449 (1968) 
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QUENCHING OF THE MAGNETIC HULTIPOLE STRENGTH DISTRIBUTION AND OF THE 
ANOMALOUS MAGNETIC MOMENT IN COMPLEX NUCLEI AND MESONIC RENORMALIZATION OF 

THE NUCLEAR SPIN CURRENT 
W. Kniipfer, M. Dillig and A. Richter ' 

Institute for Theoretical Physics 
University of Erlangen-NUrnberg 

Erlangen, W-Germany 
A strong mass dependent quenching of the gs-factor of the magnetic transition-operator has recently been established through the Ml and M2 strength distri
butions in light and heavy nuclei investigated by high resolution inelastic 
electron scattering experiments in Darmstadtw. Phenomenologically the reduc
tion of Mt and M2 strengths from light to heavy nuclei can be accounted for 
by effective g-factars inthe shell model calculations. Adjusting the g s-value, such that $gf=y • (Js both for protons and neutrons, a mass dependent 
quenching factor Y for g s is obtained. As shown in fig. 1 this quenching factor x which fits the M1 and M2 strengths deduced from the fee') measure
ments is also capable to reproduce the behaviour of the magnetic moments in 
proceeding from light to heavy nuclei. 

In order to explain the amount of quenching beyond the usual core polari
zation contributions we calculated the renormalization effect of the nuclear 
medium on the pionic contribution to the anomalous nucleonic magnetic moment. 
The mechanism, controlled by the Landau Migdal parameter g 0, is similar to the 
renormalization of the axial current in nuclei'2) and also governs low energy 
p-wave pion nucleus scattering (Lorentz-Lorenz effect). With the phenomenolo
gically determined value g 0 *& 0.7-0.75^' the anomalous nucleonic magnetic 
moment is quenched in heavy nuclei 
due to the renormalization of the 
nNN-coupling constant fnNN in the 
medium. We find Y ~ 2/3 in 
reasonable agreement with the 
phenomenologically derived quenching 
factor from the data in the realm 
of heavy nuclei. As a consequence 
the quenching of the magnetic 
moments in heavy nuclei amounts to 
50 % and 50 % through core polari
zation and mesonic renormalization 
of the spincurrent, respectively. 
Since the M1 transitions are 
strongly inhibited the Arima Horie 
effect is less important. 

OB 
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0.8 

+Permanent address: Ins t i tu t fUr 
Kernphysik der TH Darmstadt, 
Darmstadt, W-Germany 

••Supported by Deutsche Forschungs-
gemeinschaft 

1. A. Ricl.ter, Lect. Notes in Phys. 
108 (1979) p. 19 (Springer.Berlin) 

2. I7~0set and H. Rho, Phys.Rev. 
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FURTHER EVIDENCE FOR A LINEAR RELATIONSHIP BETWEEN CHANGES 
IN NUCLEAR CHARGE RADII AND BINDING ENERGIES PER NUCLEON 

R. Wenz, E. Matthias, H. Rinneberg, F. Schneider 
Institut fur Atom- und Festkorperphysik 

Freie Universitat Berlin 
1000 Berlin 33 
West Germany 

Among other methods for determining nuclear charge radii, 
optical isotope shift measurements have recently gained consider
able attraction because of the greatly improved accuracy achieved 
in high resolution laser spectroscopy. Discussing isotope shifts 
in the vicinity of magic neutron numbers N, Gerstenkorn'' sug
gested a linear relation_between the change in the nuclear mean 
square charge radius <5<r > and the change in the binding energy 
per nucleon, 6(B/A) for the isotopic pair (A+2,A). This relation 
was supposed to apply to the pairs (N-2,N-4), (N,N-2) and (N+2,N) 
only. On the other hand, from precise isotope shifts_of Xe and Ba 
we conclude that the linear relationship between 6<r > and 6(B/A) 
holds for all pairs of even-even nuclei throughout the h. ._ 
shell except for the last pair (N,N-2), indicating the existence 
of a shell-closure effect. 

2) and ,. We have plotted experimental isotope shifts oT Xe 
Ba in the transitions at 467 nm and 554 nm, respectively, ver
sus 6(B/A) for neighboring 
isotopes. The isotope shifts 
(IS1) have been corrected 
for the normal mass shifts, ; 
experimental uncertainties • 
correspond to the size of 
the dots. For the cases 
considered here the speci
fic mass shift, contai. jd 
in IS" , is nearly indept.'.d-
ent of A and cruses the 
same vertical displacement J 
for all isotopic pairs of 
Xe and Ba, respectively. 
Hence the perfectly linear 
dependence of IS' and 6(B/A) 
for all pairs of neighboring 
even-even nuclei of Xe and Ba - with the exception of the last 
pair - holds betwee.i 6<r2> and <5 (B/A) , too. From the isotope 
shift data of Ca and Kr^), for which similar plots can be made, 
the same result is obtained for the f 7 / 2

 a n d g9/2 n e u t r o n shells, 
respectively. Therefore, we propose that the linear relationship 
between 6<r'> as well as the existence of a shell-closure effect 
are general features of pairs of even-even isotopes in major 
neutron shells. 
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1. S . G e r s t e n k o r n , Comm. on Atom, and Hoi . P h y s . T9 (1979) 1; 
S . G e r s t e n k o r n , C.R. Acad. S c i . S e r . B268 (1969) 1636 

2. F. Schneider e t a l . , to be published 
3 . K. bekk, A. Andl , S . Gor ing , A. Hanser , G. N o w i c k i , H. R e b e l , 
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4 . H. Gerhardt e t a l . , Z. P h y s i k A292 (1979) 7 
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MEASUREMENT OF THE HYPERFINE STRUCTURE AND ISOTOPE SHIFT 
FOR THE RADIOACTIVE Cd ISOTOPES (102 $ A ̂  120) BY ON-LIHE LASER SPECTROSCOPY* 

F. Buchinger**, Ph. Dabkiewicz, H.-J. Kluge, 
A.C.Mueller** and E.W. Otten 

Institut fur Physik 
Universitat Mainz 

Mainz, Fed. Rep. of Germany 

and the ISOLDE Collaboration 
CERN 

Geneva, Switzerland 

To study the hyperfine structure and the isotope shift of the Cd isotopes 
far from stability, an on-line system had been connected with the ISOLDE mass 
separator at CERN. 

The ions, produced by proton induced spallation in a Sn target, are 
directed onto a MO-foil which is mounted inside a quartz resonance cell heated 
to about 500° C. After a collection time up to one half-life, the Cd is heated 
off as an atomic vapour. The cell is filled with 200 Torr helium buffer gas 
in order to prolong the diffusion time out of the vessel. By these means we 
could observe the free atoms for about one minute. 

The atomic transition 5 s 2 JSj •+ 5 s5p 3P,, X = 3261 fi, was excited by 
the light of a tunable dye laser pumped with a pulsed nitrogen laser. The laser 
frequency is tuned by means of a grating and an internal etalon, both control
led by a mini-computer. The line X = 3261 II is reached by frequency doubling 
the X = 6522 fi laser action of the CVP-R6G dye in an angle phase matched KDP-
crystal. The resonance fluorescence is observed by a photomultiplier. In order 
to normalize to constant laser light intensity, the latter is monitored by a 
photodiode. The laser frequency is calibrated by recording simultaneously the 
resonance of stable J'^Cd in a reference cell. This cell is placed in the gap 
of a magnet in order to split the Zeeman-components providing a frequency 
scale by the known gj-factor. Since the lifetime of the 3P 3-state (T = 2.2 lis) 
is long as compared to the length of the laser pulse (T = 3 ns) we could 
suppress the background from scattered laser light by delayed observation of 
the fluorescence. The currents of the photomultipliers are analysed by a 
10-bit ADC and stored in the memory of the mini-computer. In cases of very 
low vapour density in the resonance cell we used the photon counting technique 
instead. 

A survey over the results, as evaluated until now, is given in the 
following ttble : 

XCd A(MHz) 6w
ai,*-x (MHz) fi<r2>l"-x (fm2) 

102 3400(100) 1.08 
103 -1150(100) 3000(100) 0.94 
104 2450(100) 0.79 
105 2170(100) 0.70 
118 -520(100) 0.18 
120 -550(100) 0.21 

* This work was supported by the Bundesministerium fur Forschung und Technologie 
and the Deutsche Forschungsgemeinschaft. 

** Present address : CERN, EP Div. CH-1211 Geneva 23, Switzerland. 
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NUCLEAR SI2ES OF *w»'".'«'*>'»°cA, 0 U T I , 3 t C R FROM ELASTIC SCATTERING OF 
104 MEV a PARTICLES 

H.J. Gils, E. Friedman*, R. Pesl, and H. Rebel 
Kemforschungszentrum Karlsruhe GmbH 
Institut fiir Angewandte Kernphysik 

P.O.B. 3640, D-7500 Karlsruhe 
Federal Republic of Germany 

The root mean square (rms) radii of the nuclear charge distributions of 
the Ca isotopes show a surprising behavior characterized by an increase from 
•""Ca to ""Ca followed by a decrease up to " BCa with * 8Ca having the same rms 
radius as '"'Ca 1 ) . For the nuclear matter radii which are experimentally ex-
cessible only via strong interacting probes a different behavior is expec
ted 2 ) . The experimental investigations, however, are contradicting and con
siderably model dependent. In addressing these questions the elastic scat
tering of 104 MeV a particles from '"•"""••'•»Ca and 5 0Ti, "Cr was measured 
with high angular accuracy over a wide angular range. The analyses used a 
single folding model with a density dependent effective interaction which is 
well-founded by full microscopic calculations 3 ) . The nuclear density distri
butions were described by Fourier-Bessel series which distinctly reduces the 
model dependence of the results and enables realistic estimates of errors •*). 
The extracted differences of the density distributions displayed in fig. 1 
are well determined showing evidence for a neutron skin in '"'Ca. The behavior 
of the Ca charge (proton) distributions is obviously due to a polarization of 
the protons by the added neutrons 5 ) . This polarization effect being strongest 
in I , 8Ca is considerably reduced when adding two or four protons in the fj/2 shell in 5 0Ti and 5 2Cr. For the latter no significant differences between 
proton and neutron densities is found. 

Matter distribution differences 

*The Racah Institute of Physics, The Hebrew 
University of Jerusalem, Israel 
1. H.D. Wohlfahrt, E.B. Shera, M.V. Hoehn, 

Y. Yamazaki, G. Fricke, and R.M. Steffen, 
Phys. Lett. 73 B (1978) 131 

2. J.W. Negele.Tfiys. Rev. C 1 (1970) 1260 
J.W. Negele and D. VautherTn, Phys. Rev. 
C 5_ (1970) 1472 
X. Campi and D. Sprung, Nucl. Phys. A194 
(1972) 401 

3. Z. Majka, H.J. Gils, and H. Rebel, 
Z. Physik A288 (1978) 139 

4. E. Friedman, H.J. Gils, H. Rebel, and 
Z. Majka, Phys. Rev. Lett. 41 (1978) 1220 

5. H.J. Gils, E. Friedman, Z. flajka, and 
H. Rebel, Phys. Rev. C (in press) 

Fig. 1 Matter density differences of 
Ca-isotopes (Error band hatched) 

93 



HAVE THE LOW K* = 0"; I = 1" STATES IN THE HEAVY (A S 218) 
EVEN-EVEN NUCLEI STABLE OR DYNAMICAL OCTUPOLE DEFORMATION? 

L. K. Peker,* J. H. Hamilton,** and J. 0. Rasmusseri*" 
*NNDC, Brookhaven National Laboratory, Upton, LI, NY 
**Physics Dept., Vanderbilt Univ., Nashville, TN and 

+Lawrence Berkeley Lab., Univ. of Calif., Berkeley, CA 
To understand the unusually low levels with 1^=0"; 1=1 in Rn, Ra, Th 

nuclei1'2 three different models were proposed. One 1" 3 considered these 
levels as octupole vibrational states (with dynamic octupole deformation). 
The existence of unusually low P^l" levels was considered as evidence for 
stable octupole deformation in the ground states of these nuclei 1 1. Moller 
et al."1 proposed that the deformations of the ^=0" and K^O*" states are 
quite different because they belong to different minima in the potential 
energy surface. Because all of the properties of heavy nuclei depend on 
their shape, it is very important to know if heavy nuclei indeed have any 
significant stable octupole deformation. 

Strong arguments against a vibrational nature for the K* 1=0" 1 states in 
P&218 nuclei are low energy, &250 KeV, of these states in some BeRa and soTh 
nuclei and the absence there of 2-phonon octupole states with k l r=F r=0 + at 
twice the 1-phonon energy2"1. However, more critical and clear evidence on 
the possible shapes of nuclei can be provided by the analysis of the ener
gies of several members of a negative parity band. Analyzing the level ener
gies of the F=l";3" and 5" levels, and first 3 ground band levels in 
*20-226 R a j 22*-230 T h i f ) tem<. Q f ^ f r ) = A[ 1(1+1 )-Io ( IQ+1 )]+B[l ( 1+1 ) - IQ 
(I 0+l)] 2 one finds AitK^Ot) is always much larger than A*(Kf=0-), and Bi 
(KT=O*-) is a significant parameter, whereas B2(K!r=0-) is much smaller. 
These data were one of the strongest arguments1*-1 that the K=0- and K=0+ 
states belong to different minima in the potential energy surface. 

However, a careful analysis of the energies of the negative parity 
bands shows that they can be understood if the nonadiabaticity of the K=C~ 
band is caused by strong Coriolis coupling with higher k_l~ bands1*'1 as is 
typical for octupole vibrational states which involve large j, unique parity 
nucleon orbitals. From qualitative estimations, it follows that with in
creasing strength of the Coriolis coupling the value of MS"-*!") decreases 
and can be very small (it is only 10.2 KeV in l s l*Gd). So the unusual pro
perties of Az and Bz, contrary to earlier opinion'1'1, can be considered as a 
strong argument for the vibrational nature of the K=0~ bands. 

In A=150-160 nuclei such decreasing of Ey{3-+ 1") with N led to the 
crossing of the V=3r and F = l - octupole vibrational levels. From a careful 
analysis of the levels in z l 8 - " 2 R n , we assign 3- to the levels at 797, 663 
keV, respectively. We find in these nuclei a similar crossing of the 3" and 
1" levels. Also our analysis shows that all known a,$, and y-transitions to 
or from these F=l" states in this region have no additional retardation, 
which strongly suggests there is no significant difference in the shape of 
the ground states and the ^1=0"! states. In simuiary, both level energies 
and transition probabilities strongly favor the conclusion that the 1^=0"; 
1=1" have no stable octupole deformation and are ordinary, though anharmonic, 
octupole vibrational states in this mass region. 

This work was supported by the U.S. Department of Energy. 
1) E.K. Hyde, et aj_, The Nuclear Properties of Heavy Elements, Vol. 1, 

Prentice-HaTT, Inc. (1964); CM. Lederer et al. Tables of Isotopes, J. 
Wiley & Sons, Inc., New York (1978). 

2) W. Kurcewicz, et al_, Nucl. Phys. A289 (1977) 1. 
3) K. NeergSrd and P. Vogel, Nucl. Phys. A149 (1970) 217. 
4) P. MBller et al, Phys. Lett. 40B (1972T"329. 
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CHARGE FORM FACTOR OF Li 

H. Kanada 

Department of Physics , Niigata Univers i ty , Niigata, Japan 

Q. K. K. Liu1"*" and Y. C. Tang 

School of Physics, University of Minnesota, Minneapolis, Minnestoa S5455 

The charge form factoT of Li is calculated with a single-channel t+ct 
resonating-group wave function*) which has the form 

*M = A {Vt £ f jz^jus^cm^-
where A is an antisymmetrization operator and ZCRc,,,) is a norraalizable 
function describing the total center-of-mass motion. The functions $a and 
<J>t represent, respectively, the internal spatial structures of the a and t 
clusters, and Y^j S is a spin-isospin-angle function having 4=1, S=l/2 and 
J=3/2 with z-component M. The relative-motion function fj£ is obtained by 
solving an integrodifferential equation to yield the experimental triton 
separation energy in the ground state 
of 7Li. 

The main advantages of this cal
culation are: (i) a totally anti
symmetric wave function is used, (ii) 
the c m . motion is properly consider
ed, and (iii) the relative-motion 
function has a correct asymptotic 
behavior. In addition, it should be 
emphasized that there exist no_ adjust
able parameters in this calculation. 

Both CO and C2 contributions are 
included in the calculation, and 
proton and neutron distributions are 
separately taken into account. The 
results are shown in the figure, where 
one sees that the CO contribution is. 
important for low-qz values, while in 
the higher-q2 Tegion the C2 contribu
tion dominates. 

From the low-q2 behavior of the 
form factors, one determines the rms 
charge radius Rch and the spectro
scopic quadrupole moment Q. The re
sults are Rch = 2.44 fin and Q = 
-3.70 fm2. Both of these values are in good agreement with the corresponding 
values empirically determined. 

At present, we are improving the calculation by adopting a more flexible 
triton internal function and by taking specific distortion effects into 
account 1). Both of these improvements should lead to an even better agree
ment between theory and experiment. 

'''This work was supported in part by the U.S. Department of Energy. 
t+Permanent address: Hahn-Meitner-Institut, Berlin-West, Germany 
1. Y. C. Tang, M. LeMere, and D. R. Thompson, Phys. Reports 47_ (1978) 167. 
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MESON EXCHANGE CURRENTS AND THE MAGNETIC FORM FACTOR OF NUCLEI 
AT HIGH MOMENTUM TRANSFER 

B. D e s p l a n q u e s and J . F . M a t h i o t 

D i v i s i o n de P h y s i q u e T h g o r i q u e 
I n s t i t u t de P h y s i q u e N u c l S a i r e 

F-91406 O r s a y Cedex 

The m e a s u r e m e n t o f t h e m a g n e t i c form f a c t o r o f v a r i o u s n u c l e i 
( 5 I V , * T i , " S r , 9 3 Nb) f o r momentum t r a n s f e r s f rom 2 t o 3 fm"' 
where i t i s d o m i n a t e d by t h e h i g h e s t m u l t i p o l e , h a s shown t h a t i t 
was n o t d e c r e a s i n g a s f a s t a s e x p e c t e d from c a l c u l a t i o n s u s i n g 
H a r t r e e - F o c k wave f u n c t i o n s . The d i s c r e p a n c y may b e d u e t o t h e s e 
wave f u n c t i o n s b u t a l s o t o c o r r e c t i o n s a r i s i n g from c o n f i g u r a t i o n 
m i x i n g o r meson e x c h a n g e c u r r e n t s (MEC). 

We h a v e c o n s i d e r e d t h e c o n t r i b u t i o n of MEC by a s s u m i n g t h e y 
c a n be d e s c r i b e d , a s f a r a s t h e h i g h e s t m u l t i p o l e i s c o n c e r n e d , 
by an e f f e c t i v e z e r o - r a n g e o p e r a t o r 

(1 * ">z "* * 
V = - i £ . c t e x 2M q * E . e l q ' K 6 ( r , - r , ) 

which has to be used with uncorrelated wave functions. The strength 
of this operator is determined from the contribution attributed 
to MEC in the radiative thermal capture n + p * d + y and is found 
to be of the order of 40 fir3 . 

The advantage of this approach is to show that, on the ave
rage and in a first approximation, MEC gives rise to an effective 
one body contribution, ± Ct p n p / 2 , which has to be added to the nucleon magnetic moment V-g,n /and which to some extent, represents 
the correction to the nucleon magnetic moment due to the presence 
of other nucleons. This correction tends to enhance the magnetic 
form factor at large momentum transfers. 

The present approach gives a contribution of MEC from 2 to 
3 times larger than the one calculated recently 1' 2) . The discre
pancy is essentially due to the fact that we incorporate impli
citly the effect of the 3S,- 3D, tensor coupling, which has been 
neglected by these authors, but which is known to be responsible 
for 60% of the MEC contribution in the thermal capture. 

Calculations which are in progress with the standard model 
of MEC show that the above effect due to the 3 S, - 3D, tensor coupling 
is also present in complex nuclei. A final conclusion has to 
however await the calculation of the effect of the short range 
correlations on contributions involving other NN states. 
Laboratoire AssociS au CNRS 
1. T. Suzuki, Ph.D. Thesis, Department of Physics, University of 

Tokyo (1978) 
2. J. Dubach, Phys. Lett. 81B (1979) 124 
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STATIC QUADRUPOLE MOMENTS OF THE FIRST EXCITED STATES OF 
THE EVEN-MASS ISOTOPES OF MERCURY 

R.H. Spear, M.T. Esat, M.P. Fewell,* D.C. Kean and T.H. Zabel 

Department of Nuclear Physics 
Australian National University 

and 
A.M. Baxter and S. Hinds 

Physics Department, Faculty of Science, 
Australian National University, 
Canberra, A.C.T. 2600, Australia 

The static quadrupole moments Q2+ and B(E2; 0 -+2 ) values of the 
2 first excited states of z 0 0 H g and 2 0 2 H g have been determined using 
the reorientation effect in Coulomb excitation. An annular silicon 
surface-barrier detector was used to detect backscattered ''He, 1 2 C and 
1 6 0 projectiles. It is found that for 2 0 0 H g , Q 2+ = +1.07 + 0.19 e.b 
(+0.98 ± 0.19 e.b) for destructive (constructive) interference from the 
2+* state, and B(E2; 0+-*2+) = 0.853 + 0.007 e 2.b 2. For 2 0 a H g , we find 
Q 2+ = +1.01 ± 0.13 e.b (+0.87 ± 0.13 e.b) and B(E2: "»+-<-2+) = 
0.605 + 0.005 e 2.b 2. The Q 2+ value obtained for 2 0 Lrig is in good agree
ment with previous work 1), but that for 2 0 2 H g is not. Results for 2 0 l*Hg 
will also be presented. The present results, together with those for 
1 9 8 H g obtained by Esat et al. 2), will be compared with the predictions of 
various nuclear models, and the mass dependence of Q2+ in the transition 
region will be examined. 

t Present address: Wright Nuclear Structure Laboratory, Yale 
University, New Haven, Connecticut 06511. 

1. A. Bockisch, K. Bharuth-Ram, A.M. Kleinfeld and K.P. Lieb, Z. Phys. 
A291 (1979) 245. 

2. M.T. Esat, D.C. Kean, R.H. Spear, M.P. Fewell and A.M. Baxter, 
Phys.Lett. 72B (1977) 49. 



MEAN-SQUARE RADIUS CHANGE FROM CHEMICAL NEUTRON RESONANCE SHIFTS 
*) ») 

A.Meister , D.Pabst, L.B.Pikelner, K.Seidel 
Laboratory of Neutron Physics, JINR, Dubna, USSR 

The chemical shift of neutron resonances ~ is analogous to the Mossba-
uer isomer shift *'. It may be determined by precise measuring the related 
minute displacement between the resonance dips in the neutron transmission 
curves of appropriate chemical compounds containing the nuclide under inves
tigation. Such experiments were carried out at Dubna IBR-30 reactor with five 
compounds of 238^ employing the time-of-flight method. Using common symbols, 
the shift between the resonance energies of any two compounds is given by 

A E Q = (Ze 2/6& Q) k i ^ / K r 2 ) 
with the factor k (about 0.9 for U) allowing for the electron density incon
sistency near the nucleus. The determination of A E is difficult due to the 
influence of the crystal lattice vibrations on the resonance line shape to be 
taken into account computationally. 

Fig.1 presents experimental data for the chemical shift of the 6.67 eV 
resonance of 238y. jhe electron density differences have been computed using 
available data on chemical X-ray shift in U compounds, on Mossbauer isomer 
shift in comparable Np compounds, and on free ions obtained from HFS calcu

lations. 
The analysis of the data 

given in Fig.1, yields a value AE. s ' 
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of ( 1 - 7 ± o : K 1 0 2 6 cm 2 for 

the change in ^ r ) on passing 
from the ground level of 238y 
to the excited level of 239(j. 
the errors indicated correspond 
to a confidence level of 95%. 
This result nay intuitively be 
interpreted in terms of a chan
ge of the nuclear deformation 
with the nucleus reshaping its 
ground - level prolate form to 
a spherical one upon capturing 
the neutron. 

Present address: Technical University, Dresden, GDR. 
1. V.K.Ignatovich et al, Dubna, JINR P4-7296 (1973). 
2.G.G.Akopyan et al., Dubna, JINR P3-11740 (1978). 
3. K.Seidel et al., Dubna, JINR P3-11741 and P3-11742 (1978). 
k. G.K.Shenoy, F.E.Wagner /Ed./, Mo3sbauer Isomer Shifts (North-Holland, 

Amsterdam, 1978). 
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SPECTROSCOPIC QUADRUPOLE MOMENTS OF 2 7 A 1 AND 2 5Mg FROM MUONIC 
X-RAYS 

R. Weber**, B. Aas*, I. Beltrami*, Th. Bernold*, K. Bongart*, 
G. de Chambrier*, P. Goudsmit*, J. Kern**, U. Kiebele**, 
Th. v. Ledebur*, h.3. Leisi*, J.A. Pinston**, W. Ruckstuhl*, 
G. Strassner*, A. Vacchi* 

** Physics Oepartement, University of Fribourg, CH-1700 Fribourg, 
Switzerland 

* Laboratory for High Energy Physics, ETHZ, c/o SIN, 
CH-5234 Villigen, Switzerland 

From measurements of the h.f.s. splitting of muonic Al and 
2^Mg we can determine its nuclear spectroscopic quadrupole 
moments without systematic errors from the evaluation of the 
field gradient. These errors can be kept small, which is not the 
case with electronic ^'Al or "Mg experiments. The reason is 
that the field gradient in muonic atoms can be calculated with 
high precision, as we are dealing with a hydrogen-like-system, 
and that the muon-nucleus penetration effect is not important. 
With the bent-crystal spectrometer installed at the supercon
ducting u-channel of S.I.N. ' Ĵ w e could for the first time 
apply this technique to as light isotopes as 2'A1 and 5Mg. By 
measuring the 3d 5/ 2-2p 3/ 2 X-ray transition (Al-66 keV, Mg-56 keV) 
it was possible to observe the h.f.s. splitting of the 2p 3/ 2 

state. The Bragg reflexes from two 3.2 mm thick quartz crystals 
(003 planes), placed one upon another, were measured symulta-
neously in the third order. The results for our ?•'h\ measurement 
are shown in the table together with a value obtained from 
electronic atoms. 

Q [barns] Reference 
crystal 1 0.158(9) 
crystal 2 0.157(9) 
average value 0.157(7) this work 

Atomic beam 
magnetic 0.140(2) (3) 
resonance 

Table: Measured spectroscopic quadrupole moment of the Al 
ground state. 

The disagreement of more than two standard deviations reflects 
the difficulty in the evaluation of the field gradient of elec
tronic 2'A1. Preliminary resulti of the Mg measurement will be 
given. 
1) B. Aas, W. Beer, I. BBltrami, K. Bongart, P. Ebersold, 

R. Eichler, Th. v. Ledebur, H.J, Leisi and W.W. Sapp, Nucl. 
Phys. A329 (1979) 450. 

2) W. Beer, Th. v. Ledebur and W. Schoeps, Nucl. Instr. Meth. 166 
(1978) 493. 

3) V.W. Cohen, 3. Phys. Soc. Japan, Suppl. 34 (1973) 63. 
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ISOBARIC ANALOG STATES IN RARE-EARTH NUCLEI AND HEXADECAPOLE DEFORMATION 

J.Janecke , E.H.L.Aarts, A.G.Drentje, C.Gaarde and H.N.Harakeh 

Kernfysisch Versneller Instituut 
Rijksuniversiteit Groningen 
Groningen, The Netherlands 

The (3He,t) charge exchange reaction to g.s. isobaric analog states (IAS) 
has been studied at 8=0° and E(3He)=60 MeV on targets of 152,151,156,158,160Gdi 

160,162 D y t 162,16'l,166,168,170Er> 170 ,172 ,17"t ,176Yb a n d 176,178,180nf. T h e 

reaction 2 8Si( 3He,t) 2 8P (Fig. 1) was used for energy calibration, and the 
centroid energies of the IAS were determined to about 110 keV. A typical 
spectrum is displayed in Fig. 2. The Lorentzian line shape is apparent. Back
ground from T< states is present but weak. The 2~ state in 1 6 F at Ex=424 keV 
from oxygen contaminants interferes with a few of the states. Coulomb displace
ment energies are extracted from the measured Q-values. They are lower by 
typically 100 keV than the values expected for spherical nuclei since deformed 
shapes result in increased rms radii. The data display a dip near A=164-170 
which seems to suggest smaller deformation than for the neighboring nuclei. 
However, Coulomb displacement energies axe in lowest order reduced by the 
factor (l-(B?+B?)/4ir) due to quadrupole and hexadecapole deformation. The 
observed dip marks the region where the hexadecapole deformation changes sign, 
A =166. A preliminary analysis of the data yields agreement with the known 
82 and St, deformations. The 0° cross sections increase with neutron excess. 
The observed widths are in the range 60 to 140 keV. They are related to the 
excitation and binding energies of the IAS which determine the T-allowed and 
T-forbidden decay channels. 
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Fig. 1 
2 8Si( 3He,t> 2 8P, E(3He)-60 MeV, 9-0° 

400 600 
CHANNEL NUMBER 

Fig. 2 
16'>Dy(3He,t)160Ho(IAS) 

t Permanent adress: University of Michigan, Ann Arbor, Michigan, U.S.A. 
ft Permanent adress: Niels Bohr Institute, Copenhagen, Denmark 
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PROTON ELASTIC SCATTERING AT ZOO TO 500 MeV f 

D.A. Hutcheon, J.H. Cameron, R.P. Liljestrand, P. Kitching, 
C.A. Miller, W.J. McDonald, D.H. Sheppard, VJ.C. Olsen, 

G.C. Neilson, H.S. Sherif, R.N. HacDonald, and G.M. Stinson 

Department of Physics, University of Alberta, Edmonton, Alberta T6G 2Et 

D.K. McDaniels and J.R. Tinsley 

Department of Physics, University of Oregon, Eugene, Oregon 97't03 

L.W. Swensen 

Department of Physics, Oregon State University, Corvallis, Oregon 97331 

P. Schwandt 

Indiana U n i v e r s i t y Cyclot ron F a c i l i t y , Bloomington, Indiana 7'<701 

C.E. Sironach 

V i r g i n i a Sta te U n i v e r s i t y , Pe te rsburg , V i r g i n i a 23803 

E l a s ' i c s c a t t e r i n g o f 200 to 500 MeV protons from 2 0 9 P b and Ca has been 
s tud ied using the p o l a r i z e d proton beam and pro ton spectrometer a t TRIUHF. 
Cross sect ion and ana lyz ing power angular d i s t r i b u t i o n s were obta ined ou t to 
momentum t rans fe rs o f approximately U f m " 1 . Nuclear matter r a d i i deduced by 
f i t t i n g these r e s u l t s i n a m u l t i p l e s c a t t e r i n g formal Ism w i I I be repor ted and 
compared w i t h 0.8 and 1.0 GeV r e s u l t s . 

+Work supported i n p a r t by the Natural Sciences and Engineering Research 
Counci1 o f Canada. 
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B(E2;0+->-2 + ) AND Q + MEASUREMENTS IN " " R U 

J.H. Hirata and 0. Dietzsch 
Institute de Fisica 

Universidade de Sao Paulo 
Sao Paulo, Brasil 

The rather complex level struc
ture of ruthenium isotopes, character^ 
ized by both vibrational and rotation 
al modes of excitation, has focussed 
a strong interest in the properties 
of the quadrupole operator for these 
nuclides. We report here on results 
of a measurement of the reorientation 
effect for the first 2 + excited state ' 
of 1 0 0 R u . 

The experimental method and pro
cedures for data reduction were essen
tially the same as in Ref. 1). Beams of 
*He(8-9 MeV) and 1 60(35-37 MeV) obtain 
ed from the Sao Paulo tandem accelera
tor were scattered from thin Ru targets 
enriched in l a 0Ru(97.2%) and evapora
ted onto 10yg/cm2 carbon foils. The 
scattered ions were detected in sili
con surface barrier detectors placed 
at 174° (annular detector), 130° and 
110°. A typical heavy-ion spectrum at 
174° is shown in Fig.l together with 
the fit used in the analysis of the da_ 
ta to determine the experimental exci
tation probability (Rexp)• 

The electric quadrupole matrix 
elements M 0 2=[B(E2;0 +-»-2 +)] 1' 2 and M 2 2 = 
=-1.32Q2+ were deduced by comparing 
the measured R values with those calcu 

Figure 1 
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Figure 2 
in agreement, within the stated uncer
tainties, with the result of Fahlander 

lated (R c o n lp) using the multiple Cou- et al. 2) and with the recently report-
lomb excitation program of Winther and ed result of Landsberger et al. 3', but 
de Boer. The first five levels of 1 0°Ru disagrees with measurements by Maynard 
and their associated electric quadrup£ et al. 1*). 
le matrix elements were used in the cal 
culation. The results of the analysis References: 
are presented in Fig.2 where the ratio 
R e x p/R c o mp(Q=0) (computed in this case 1, 
for the positive sign of the interfer
ence term involving the 2 + state at 
1.36 MeV) has been plotted against the 2, 
sensitivity parameter p 1 ) . 

We find a reduced transition prob_ 
ability B(E2;0+->-2+>=0.493+0.003e2b2 and 3. 
a quadrupole moment of Q2+=-0.54±0.07eb 
(for constructive interference)or Q 2 += 
=-0.33±0.07 (for destructive interfer- 4, 
ence), indicating a prolate deforma
tion for thi9 nucleus. This follows 
the trend observed for the other sta
ble isotopes. The present result is 

M.J. Bechara, 0. Dietzsch, M.Samuel 
and U. Smilansky, Phyj. Rev. C17 
(1978) 628. 
C. Fahlander, L. Hasselgren, G.Pos£ 
nert and J.E. Thun, Physica Scripta 
(Sweden) 18 (1978) 47. 
S. Landsberger, R. Lecomte, P. Par£ 
d i s and S. Monaro, Phys. Rev. C21 
(1980) 588. 
M. Maynard, D.C. Palmer, J.R. Cres£ 
well, P.D. Forsyth, I. Hall and D.G. 
E. Martins, J. Phys. G: Nucl. Phys. 
3 (1977) 1735. 
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TOWARDS AN ACCURATE DESCRIPTION OF NUCLEAR GROUND STATE PROPERTIES 

R.J. Lombard 
Division de Physique Theorique , IPN 

F-91406 orsay Cedex 

D. MAS 
Laboratoire de Physique Nucleaire 

UER Sciences Fondamentales et Appliquees 
45045 Orleans Cedex-France 

A carefull study of mass and charge density predictions 
obtained from the energy density method ) as a function of the 
particle numbers shows that discrepancies with respect to expe
rimental values are strongly correlated with the nuclear shell 
structure : for the binding energies, the largest differences 
are observed in the middle of major shells ; measurements of 
the z 0 8Pb charge density2) indicate clearly the need for two 
particles-two holes contributions to the ground state. 

In order to account for such effects we propose to 
include a semi-empirical quadrupole correlation term in the 
usual energy density functionals. It is essentially proportionnal 
to the size of the configuration space available to two particles-
two holes contributions. Such a possibility as already been 
investigated for the binding energies^) . It is extended here, 
in order to provide us with an accurate description of binding 
energies and particle densities.- Preliminary results will be 
presented and discussed. 

Laboratoire Associe au CNRS 
1. M. Beiner, R.J. Lombard and D. Mas, Atomic Data and Nuclear 

Data Tables, r7 U976) 450 
2. B. Frois et al., Phys. Rev. Lett. 3_8 (1977) 152 
3. R. Behrman and R.J. Lombard, Phys. Lett. 72B (1977) 37. 
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MAGNETIC MOMENTS OF MIRROR NUCLEI* 

J . W. Hugg and S. S. Hanna 

Nuclear Physics Laboratory 
Department of Physics 

Stanford Un ive rs i t y 
S tan fo rd , Ca l i f o rn ia S'OOS 

The magnetic moments o f the m i r ro r nucle i A t , Si 
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ODD PROTON MIRRDR NUCLEI 

------ —- - ™ , -., 3 , S , and 3 9 C a have 
been measured + + + by polarizing these beta-emitters in (p, n) reactions and by 
observing nuclear magnetic resonance while detecting the asymmetric beta 
decay. The polarization transfer can be described by a quasi-elastic scat
tering model in which the proton and neutron in a mirror transition exchange 
charge but not spin. The spin-tensor interaction dominates the spin-orbit 
interaction and the scattered neutron has spin preferentially aligned para'lei 
with the projectile proton in a transverse polarization transfer reaction. 
The spin-tensor interaction changes sign in a longitudinal polarization trans
fer reaction and the scattered neutron is polarized antiparallel to the pro
jectile proton. The results of a distorted-wave Born approximation calcula
tion which includes a strong spin-tensor interaction are consistent with the 
quasi-elastic scattering polarization transfer model. 

The magnetic moments of mirror nuclei have been analyzed in a simple jj-
coupiing shell model in which effec
tive bound nucleon g-factors are 
obtained by fitting the measured 
magnetic moments for 2 < A < k]. 
These renormalized g-factors are 
indicative of meson exchange con
tributions to the nuclear current. 
The distribution of spin and 
orbital angular momentum of the 
nucleons in mirror nuclei are 
determined in this model and are 
displayed for odd proton mirror 
nuclei (see figure). Solid hori
zontal lines indicate single 
particle jj-model expectation 
values for each shell orbit. 
Systematic linear variations 
within each shell orbit are 
indicated by dashed lines. From 
these regularities we predict the 
unmeasured mirror magnetic moments: 
y ( ^ M g ) = -0.52 and 
A JCl) = 0.87. 
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Measured values: y(°AJl) = +3.6l)5'i(l D , u( 'si) = -0.855'i(5), 
uP'S) = -0.118793(8), and u(39c a) = +1.0215(3); all values corrected for 
diamagnetic shielding in host crystals. 
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DETERMINATION OF THE ELECTRIC QUADRUPOLE MOMENT OF 7 L i 
BY COULOMB SCATTERING OF AN ALIGNED 7 L i BEAM 

§ 
P. Egelhof, R. B o t t g e r , W. Dreves , K.-H. Mobius, F . Roesel , E. S t e f f e n s , 

G. Tungate, P. Zupranski and D. Fick 

Max-P lanck- Ins t i tu t f£ir Kernphysik 
Pos t fach 103 980 
D-6900 Heidelberg 

Germany 

With the development of polarized heavy ion beams1) a new method for de
termining nuclear electric quadrupole moments became possible. In an aligned 
beam the nuclear spectroscopic quadrupole moments are aligned along with the 
spins. The elastic scattering (0al) of such a beam in Coulomb fields of tar
get nuclei yields certain deviations with respect to the scattering of unpo-
larized heams (q). An exact calculation using the formalism of Coulomb exci
tation shows2) that the tensor analyzing power T20 = (oai-a)/a is directly 
proportional to the spectroscopic quadrupole moment Q whereby the proportion
ality factor is a well-known function of 0 and E. Besides the contribution 
due to the deformation of the ground state of the projectile there are other 
contributions to the tensor analyzing power of the elastic channel due to the 
real and virtual excitation of the projectile (dynamic polarization) which have 
to be taken into account. A detailed discussion ) shows that the sum of 
elastic and inelastic scattering (7Li: 0.478 McV) corresponds nearly exactly 
to pure Coulomb scattering for which the theory is applicable. In a first ex
periment the scattering of aligned 7Li from 5 8Ni at 10 MeV and from 2 0 B P b at 
22 MeV has been investigated. The figure shows the measured angular distri
bution of T20 for the sum of 
elastic and inelastic scat
tering. The spectroscopic 
quadrupole moment of 7Li was 
extracted from the data by a 
fit (solid line) using Q as 
the only free parameter. 
After correction for the ef
fect of virtual El excitation 
(10-20% of the total effect), 
other possible contributions 
having been considered and 
shown to be negligible, the 
averaged value turned out to 
be Q = (-34 ± 6)emb. This 
observed value agrees quite 
well with the ones obtained in atomic spectroscopy1*). A more extensive experi
ment (better statistics) together with a more sophisticated analysis (coupled 
channels) promises considerable improvements in accuracy. The results of 
these experiments can then be used as an additional check of the calculation 
for field gradients in atoms and molecules. 
S Institut fur Theoretische Physik der Universitat Basel, Switzerland 
1. E. Steffens et al., Rev. Phys. Appl. \£ (1977) 1567 
2. K. Alder, F. Roesel and U. Smilansky, Ann. Phys. 28 (1973) 518 
3. P. Egelhof, thesis, University of Heidelberg (1978) 
4. H. Orth, H. Ackermann and E.W. Otten, Z. Physik A273 (1975) 221 
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DEUTERON MAGNETIC MOMENT AND MESON EXCHANGE CURRENT 

T. Sato, M. Kobayashi, and H. Ohtsubo 
Department of Physics 
Osaka University 

Toyonaka, Osaka, Japan 560 

The observed value of deuteron magnetic moment deviates from the calcu
lated value of impulse approximation by Ay = 0.0145 n.m., if we use the 
deuteron wave function of Reid^). Although this deviation is small, it is 
one of the most fundamental quantities to be answered in the meson theory, 
and has been studied by many people. The quantity Ay involves the relativi-
stic correction to static one-body operator and the meson-exchange current 
effect. Since ths deuteron magnetic moment is of iso-scalar type, the static 
one-boson-exchange current does not contribute. Therfore, we must study the 
contributions of non-static one-boson-exchange and also two-boson-exchange 
currents. An important caution is that we must define the exchange current 
so as to avoid the double counting between the impulse calculation with 
nuclear wave function and the meson-exchange current. 

In order to avoid this, we defined the nuclear force and the exchange 
current consistently by eliminating degrees of freedom of nuclear constitu
ents except nucleons from the nuclear wave function by the unitary trans-
formation^). As a result, we obtained the same exchange current for the one-
boson-exchange process, except for the nucleon-recoil term, as in ref.3), but 
different results for the two-boson-exchange process from those obtained in 
the S-matrix approach*). We found that this difference is due to the 
incorrect treatment of nuclear force and meson-exchange current in the pre
vious work4). To obtain the correct two-boson-exchange current, we must 
treat the non-static one-boson-exchange nuclear force and the non-static 
one-boson-exchange current in the S-matrix approach very carefully by paying 
attention to the non-uniqueness of these operators. In the present work, we 
fixed the unitary transformation to as to maintain the gauge-invariance of 
the interaction. 

To estimate the quantity Ay, we took into account IT, p, UJ mesons and A 
isobar in the exchange current. We assumed the vector-dominance model for 
pNN interaction, and quark model predictions for the other interactions. 
By using the deuteron wave function of Reid's soft core potential, we 
obtained the following results: The relativistic correction is -0.0079 n.m. 
The one-boson-exchange current consists of the recoil, nucleon pair and meson 
dissociation terms, whose contributions are -0.0012, 0.0109 and 0.0049 n.m. 
The net correction of one-boson-exchange current is 0.0146n.m. The two-boson-
exchange current gives correction 0.0070 n.m. Then we obtain Ay = 0.0140 n.m. 
which should be compared with the observed value Ay = 0.0145 n.m. 

1. R. Reid, Ann. of Phys. 50 (1968) 411 
2. S. Okubo, Prog. Theor. Phys. 12 (1954) 102; 603 

H. Hyuga, and H. Ohtsubo, NucTT Phys. A294 (1978) 348 
T. Sato, H. Ohtsubo, and H. Hyuga, Prog. Theor. Phys. 63_ (1980) 516 

3. M. Gari, and H. Hyuga, Nucl. Phys. A264 (1976) 409 
4. W. Jaus, Nucl. Phys. A314 (1979) 419 
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EFFECTS OF MESON EXCHANGE CURRENT AND THREE-BODY FORCE 
ON THE CHARGE FORM FACTOR OF THE : He NUCLEUS 

T. Katayama, Y. A k a i s h i , and H. Tanaka 

Department of Physics, Faculty of Science, 
Hokkaido University, Sapporo 060, Japan 

In a recent art ic le*) we have investigated ef fects of meson exchange cur
rents (MEC) on the charge form factors (CFF) of 3H and 3He with the use of 
f u l l components of variational wave functions obtained by the ATMS method for 
some rea l i s t i c N-N potent ia l s . We have shown the importance of using accurate 
solutions for the D-state wave function because of the tensor nature of MEC 
operators. As for a treatment of MEC, we have followed the FST-Okubo method 
which has been used by Ohta-Wakamatsu, Gari-Hyuga and o thers 2 ' . 

In this note, besides MEC, we study the e f f e c t of three-body force (TflF) 
on the CFF of 3He by employing the effect ive two-body potent ial 3 ) which takes 
into account the e f f ec t s of TBF and three-body-cluster correlation (TCC): V = 
v 2 + V TBF + vTCCf where V2 i s an original N-N potential . The TCC i s intro
duced because i t g ives fa ir ly large repulsive contribution to binding energies 
of f in i te nuclei a t higher density than the normal dens i ty 3 ) . 

Fig. 1 shows the result for the CFF of 3He using the Tamagaki's OPEG po
tent ia l as V,. Curves show the results as fol lows. Curves a and c: with and 
without the three-body ef fects (TflF + TCC) in the impulse calculat ions , curves 
b and d: with and without the TBF + TCC including the TON pair current correc
tion whose contributions are given by the s o l i d and dashed curves ir, respec
t i ve ly . Curves na, irb, Tic and nd: the isoscalar (1=0) S-S, 1=1 S-S, I»0 S-D, 
and 1=1 S-D matrix elements of the irNN pair current using the total potential 
V. In Fig. 2 contributions from the piry (curves p) , wr; (curve ID) as well as 
HNN pair currents are ^ 
given for comparison D 
using the Hamada-
Johnston (curves e , —i 
so l id curves f, T, P, 
as) and OPEG potentials 
(curves c, d, dashed 

1T). 

The three-body 
e f fec t s considered in 
the present calcula
t ion gives small en
hancement of the MEC 
contribution. The 
OPEG potential gives 
good f i t s in the re 
gion of q 2 = 5-10 fm-
i f MEC corrections 
are included. 

< n s l i , i • i , i i . l i , , I l i n * l i i i i 

qW*) 
Fig. 

1) T. Katayama, Y. Akaishi and H. Tanaka, Prog. Theor. Phys. 6J3 (1980) No.6, 
to be published. 

2) K. Ohta and M. Wakamatsu, Prog. Theor. Phys. 55̂  (1976) 131; 
M. Gari and H. Hyuga, Nucl. Phys. A274 (1976) 333; A27B (1977) 372 

3) S. Nagata, H. Bando and Y. Akaishi, Prog. Theor. Phys. Suppl. 65^ (1979) 10 
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TRIAXIAL DEFORMATION EFFECTS IN THE 2 + TRANSITION CHARGE 
DENSITY OF 5 8 N i 

M. Girod 
CEN Bruyeres- le -Chate l , B . P . n° 61, 92120 Montrouge, France 

B. Grammaticos 
CRN de Strasbourg, B . P . n* 20, 67037 Strasbourg, France 

B. F r o i s 
CEN Saclay, E. P. n° 2, 91190 Gif sur Yvette, France 

Microscopic calculations of transition charge densities for deformed 
nuclei have been determined up to now within the framework of axial 
models . In the present paper, we investigate the effects of triaxial defor-

58 Ni. mations on the shape of the first 2 transition charge density/J-C^of 
This nucleus i s a good example of soft nucleus : (i) the energy deforma
tion surface is very flat for fi$. 3. (ii) A definite improvement of the shape 
of the ground state charge density is found by taking into account dynami
cal corrections " (iii) The solution of Bohr's hamiltonian gives an average 
dynamical deformation of the ground state around fi= . 2, y = 30° . 

The intrinsic states have been determined in & ft and y constrained 
Hartree-Fock-Bogolyubov calculation with the Gogny interact ion 2 ) . To 
test the dynamical effects, we have performed the calculations at different 
fixed and y values , in the model of Davydov and Filippov. 

In the figure, we compare the theo-
retical predictions to the experimental 
result determined by electron scatte
ring 3 ) . The shaded area includes all 
the different shapes a.tfi- . 2 and 
0 « y 4 o 0 ° - The phasing of the o s c i l l a 
tions is correct but the theory finds a 
l ess pronounced structure. The inten
sity of the surface peak is too weak 
and a negative lobe is not found in 
this part of ihe/t, y plane. We have 
also represented a calculation for 
fi = .3 y= 0 ° . A much better a g r e e 
ment is found at the surface, but the 
agreement in the interior of the nucleus 
with experiment i s l e s s good. 

The present results suggest that in 
order to agree with the experimental 
result, the co l lect ive wave functions m u s t 
have a complex behaviour in t h e ^ , y plane. It is then, imperative to 
solve the full dynamical problem. 

1) M. Girod and D. Gogny Phys . Lett. 64B (1976) 5. 
2) J. Decharge' and D. Gogny Phys . Rev. C to be published. 
3) B. F r o i s , J. B. Bellicard, P. Leconte, Phan Xuan H6, S. Turck, 

J. Heisenberg and I. Sick, contribution to this conference. 
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E2 AHD E3 TRANSITIONS IN THE K =0 BANDS OF 
2l*Mg WITH AN EXTENDED DEFORMATION MODEL 

Department of Physics, Hokkaido University, Sapporo, Japan 060 

In the low-energy region of 21*Mg strong E3 transitions are observed,1' 
which neither the shell nor the cluster model can be expected to explain. We 
put forward an extended ieformation model2' where a parity-violating quadru-
pole(Yj) plus octupole(Y3> type of the deformation is assumed and the single-
particle modes in the corresponding field are dealt with. All the twenty-four 
nucleons are explicitly taken into account in this model. We confine our con
siderations, here, to E2 and E3 transitions in the lowest K"=0- bands of Mg. 

Table 1 shows the presently calculated B(E2) values together with other 
theoretical results3'1*' and the experiment.1'5' The absolute values and their 
spin dependence are well reproduced in our model. It should be noted that the 
tendency of the present prediction is very similar to that of the SU3 model ' 
in the K 1 T=0 + band. The B(E3) values are listed in Table 2. The agreement be
tween our calculation and the experiment is excellent, which exhibits a strik
ing contrast to the cluster model calculation''' giving only one-fifth of the 
observed value even by the use of an effective charge of 6eff=0.5. 

We remark the following points. A large model space is severely required 
for a high-multipole transition . In the present calculation we take the ma
jor shells up to five(pfi-shell) in the harmonic oscillator expansion of the 
single-particle orbitals. A restriction of the major shells N=5 •* 3 yields 
only 'v58% and %14% of the initial B(E2) and B(E3) values, respectively. The 
main reasons for the E3 en
hancement are the core-polar- Table 1 B(E2) in 1^=0- bands of 2l*Mg(W.u.) 
ization and the higher-major-
shell mixing appreciably 
caused by the parity-violat
ing component in some par
ticular deformed orbitals. 
Moreover, it is the Y 3 corre
lation inherent to some ex
tent in the K^O* band rather 
than in the well polarized 
1(5=0" band that plays a pre
dominant role in the E3 en
hancement mechanism mention
ed above. In fact a modifi
cation of the y3-strength of 
the 0+-state 63=0.14 ->• 0 
reduces the B(E3) value by 
TJ72%. This supports, there
fore, the picture that the 
1^=0* bands make the inver
sion doublet, i.e. the two 
rotational bands built upon 
the parity-violating deform
ed intrinsic state. 

KT=0+ experiment 5' present SO, 3' cluster1*' 
2+ -* 0 + 20.5 ± 0.6 22.4 25.4 17.6 
4+ -* 2+ 23 ± 4 31.7 34.2 22.4 
6+ - 4 + 34 HI 35.9 33.5 17.4 
8+ - 6+ « : 2 i 30.5 29.2 6.5 

K 1 r=Q - experiment 1) 
3" ->• l - < 200 40.8 16.9 
5" ->• 3" 20 1 | 31.8 13.5 
7" -»• 5" 51 ± 10 38.9 8.5 

Table 2 B(E3) between K ^ O 1 bands of 2,*Mg(W.u.) 
K^O" K"=0-! 

0+ 
experiment 

10.5 
11.0 
38 

present 

11.9 
13.9 

cluster 1) 
0.51(6 e f f=0.0) 
2.0 (6 e f f=0.5) 

1) L. K. Fifield, E. F. Garman, M. J. Hurst et al., Nucl. Phys. A322 (1979) 1 
2) H. Noto, Prog. Theor. Phys. 63, No. 5 (1980) 
3) M. Harvey, Adv. Nucl. Phys. Vol. 1 (Plenum Press, New York, 1968) p. 67 
4) K. Kato and H. Bando, Prog. Theor. Phys. 62. (1979) 644 
5) D. Branford, A. C. McGough and I. F. Wright, Nucl. Phys. A242 (1975) 349 
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NUCLEAR CHARGE DISTRIBUTION BETWEEN DOUBLE MAGIC 4°Ca and 48ca 
E. Bergmann, P. Bopp, C. Dorsch, J. Kowalski and F. Trager 

Physikalisches Institut der UniversitSt Heidelberg 
G. zu Putlitz 

Gesellschaft fiir Schwerionenforschung, Darmstadt and 
Phvsikalisch.es Institut der Universitat Heidelberg 

Federal Republic of Germany 
The great interest, which the Ca-nuclei have provoked is 

due to several reasons: , 0Ca as well as are double magic nu
clei. The long chain of isotopes exhibits a large relative change 
of the mass-number (20%) and the neutron-number (40%). It opens 
the way for a systematic study of nuclear properties as the f7/2~ 
neutron-shell is filled up. More specific, the changes of the rms 
charge radii provide a sensitive test for nuclear theories1) and 
are of interest in connection with the understanding of Coulomb 
displacement energies. So far, accurate values for the charge ra
dii were available only for a few pairs of isotopes from a com
bined analysis2' of muonic X-ray and electron scattering data. 

In this paper a series of experiments on eight stable and 
radioactive Ca-isotopes is reported. The rms charge radii have 
been extracted from the optical iso
tope shift in the Ca intercombina-
tion line. This very weak transition 
with its small natural width of 
410 Hz and a Dopplerfree experimen
tal technique guarantee a high accu
racy in the measurements. The expe
riment applies a collimated atomic 
beam and a narrow-band, electronic
ally stabilized cw dye laser. 

A combined analysis of the 
results with muonic X-ray data 
yields highly accurate, model-inde
pendent values for the changes of 
the rms nuclear charge radii 6<r2> 
from 4°Ca to 4 8Ca. Moreover, the 
nuclear quadrupole moments of the 
three odd-mass isotopes 4 1Ca, 43ca 
and 4->Ca have been determined yield
ing information on the nuclear 
charge -distribution. 2 

The very peculiar dependence of 6<r > on the mass-number 
(see figure) can be understood in terms of a phenomenological mo
del and a microscopic theory!), in addition, it can be well fit
ted to an empirical formulaJ), which also well describes the 
binding energies in the f7/2~snell-

This work was supported by the Deutsche Forschungsgemeinschaft. 
1. Brown et al.: J. Phys. G, ̂  (1979) 1655 
2. Wohlfahrt et al.: Phys. Lett. 73B (1978) 131 
3. Zamick: BANFF Conf. on Nucl. Structure, Alberta (1978) 
4. Andl et al.: private communication 
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QUADRUPOLE MOMENTS OF 22
+-STATES IN THE W-OS-PT REGION 

A. Hussein and J. X. Saladin 
University of Pittsburgh 
Pittsburgh, PA 15260 

C. Baktash 
Brookhaven National Laboratory 
Upton, Long Island, NY 11973 

It is by now well established that the determination of the electro
magnetic properties of nuclei in the transition region plays a crucial role 
in assessing the validity of various nuclear models. 1' As part of an ongoing 
systematic effort we present here (see figure) the quadrupole moments of the 
22 + states in this region. The measurements were based on the reorientation 
effect in Coulomb excitation. Both particle-spectroscopy and particle-gamma 
coincidence experiments were carried out, using a, K>0, and 32s beams. 
Fig.l compares the experimental values with predictions of the pairing plus 
quadrupole model2) (PPQ), Boson expansion theory3) (BET), the dynamic collec
tive model*) (DCM). the IBA 5) and the asymmetric rotor model with variable 
moment of inertia°) (ARM+VMI). Only PPQ and DCM reproduce the decrease in 
Q 2 2

+ between 186w and 182,184 w. Looking at the PPQ wavefunctions this 
trend can be traced to a significant 
amount of mixing in the 22 + state be
tween the s and Y degree of freedom. 
A detailed analysis of 1 9 4 P t in
volving many matrix elements favours 
the predictions of y-soft models 
(PPQ, BET and IBA) over the rigid 
asymmetric rotor model. It is inter
esting to note that PPQ encompasses 
both features, the mixing of the 3 
and y degree of freedom in 182,184H 
as well as the occurrence of 
Y-softness in 194pt. 

1. C. Baktash, J. X. Saladin, 
J. J. O'Brien, and J. G. 
Alessi, Phys. Rev. C18(1978) 
131. 

2. K. Kumar and M. Baranger, Nucl. 
Phys. A122(1968) 273. 

3. K. J. Weeks and T. Tamura, Phys. 
Rev. Lett. 44(1980) 533. 

4. M. Sedlmayr and Id. Greiner, private communication; M. Sedlmayr, 
thesis, University of Frankfurt (unpublished); [R. Sedlmayr, M. 
mayr and W. Greiner, Nucl. Phys. 232 (1974) 465] 

5. A. Arima and F. Iachello, Annals of Phys. 123(1979) 468. 
6. H. Toki and A. Faessler, Nucl. Phys. A253 (1975) 231. 

BET 
ARM + VMI 
IBA 
DCM 
IBAD 

Ph.D. 
Sedl-
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Core-Polarization Effects on the Magnetic Form Factor o f 2 0 8 P b (14", 6.74 HeV) 

T. Suzuki and M. Oka 

Department of Physics, University of Tokyo, Hongo 7-3-1 , Tokyo 113, Japan 
208 A Magnetic transit ion to the 14 (6.74 MeV) state of Pb was recently 

observed by electron scattering J ' The magnitude of the squared form factor 
was found to be reduced by 50% from that given by the pure particle-hole 
(J15/2 i l 3 /2 ) model although i t s shape is well reproduced by the model. 

We investigate the core polarization effects on th is form factor by the 
Tamm-Dancoff approximation (TDA) as well as the f i r s t -o rder perturbation (FOP). 
In the case of FOP, both forward and backward amplitudes are included. 
Harmonic osc i l la tor radial dependence is assumed for the single-part icle wave 
function (fiiu =6.9 MeV). The ef fect ive interactions we use are phenomenol-
ogical interactions of Gaussian type with the Rosenfeld and Serber mixtures, 
a three-range Yukawa interaction by Bertsch et a l . ' ) which also includes 
tensor and spin-orbit components, and the Migdal-type 6- in teract !on. 3 ' 

The calculated energy sh i f ts and the peak rat ios of the calculated form 
factor to that of the pure p-h model are shown in the table. There is a 
strong dependence on both the range and the exchange character of the in ter
act ion. The shape of the form factor is found to be l i t t l e affected by the 
core polar izat ion. One can expect from the table that fo r the 6 interaction 
the reduction of the form factor is much enhanced by the inclusion of higher 
exci tat ions. The present resul t by S interaction i s consistent with the 
result by Hamamoto et a l . * ) in which the contribution from the continuum 
states i s treated more accurately. 

interact ion RM Serber Bertsch S 6 6 
method TDA TDA TDA TDA FOP FOP 
space 3tto 3tiiD 3nw 3hu) 3»foi 5nw 
energy s h i f t 
(MeV) 

0.11 0.33 -0.04 0.82 0.89 0.89 

peak ra t i o 1.006 0.95 1.013 0.84 0.70 0.55 
volume i n teg ra l , 
( ^ C + V O T , MeV-fnT) 

213 228 284 494 494 494 

Present address: Department of Physics, College of Humanities and Sciences, 
Nihon Universi ty, Setagaya, Tokyo 156, japan 

1. J . Lichtenstadt et a l . , Phys. Rev. C20 (1979) 497. 
2. G. Bertsch et a l . , Nucl. Phys. A284TT977) 399. 
3. P. Ring and J . Speth, Nucl. Phys. A235. (1974) 315. 
4. I . Hamamoto et a l . , prepr int . 
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EFFECTIVE RANGE EXPANSION OF THE WOODS-SAXON PHASE SHIFTS 

A. Khakpour 
rhysics Division 

Nuclear Research Centre 
Atomic Energy Organization of Iran 

P.O. Box 12-1198, Tehran, Iran 
For a large class of one body potentials for a semi-infinite 

system of nuclear matter, the s-wave phase shift in JWKB approx
imation (which is good for high momentum states) is a linear 
function of diffuseness of such potentials. As a result of this 
fact the shape parameter and surface energy in ref. 1), are 
approximately proportional to the above diffuseness. 

It would be interesting to see if for low momentum states 
a simple relation between phase shift and diffuseness will hold 
or not. Using effective range theory we have 

k cot Sfc = 6 0
, _ 1 + (k x cot k 1-« 0'" 1) (k/k 1) Z+... 

where SQ is the derivative of the phase shift respect to 
momentum at k=0 and k. is any arbitrary but small value of k. 
For a Woods-Saxon potential U(-»)(exp(-az)+l) the first term in 
expansion of exact s k in powers of k is 

V 2{ (2Y) _ 1+(Y+a)- 1-a- 1 °* 
-T"1Z(-)nldn)-ll(Y/a)n}k+... 

where y +k =-U(») and c(n) is the 
Riemann Zeta function. This is a 
complicated function of diffuseness 
and thus the answer to the above 
question is negative. 

In the figure the exact and "" 
approximate phase shifts are plotted 
for U(«)=-2.62 fm" £ and a=0.8 fm . 

...I 

1. P.J.Siemens and A. Sobiczewski, Phys. Lett. 4JJJ (1972) 16; 
A. Sobiczewski, A. Gyurkovich and M. Brack, Nucl. Phys. 
A289 (1977) 346. 
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EXCHANGE CURRENTS IN EXCLUSIVE STRIPPING REACTIONS 
AT LARGE MOMENTUM TRANSFERS 

A. Boudard, P. Couvert and M. Dillig+ 

DPh-N/ME, CEN Saclay 
BP 2, 91190 Gif-sur-Yvette, France 

The exclusive one nucleon transfer reactions (p.it), (Y»P) or (d,p) were 
increasingly investigated in the last years. The growing amount of experi
mental information made it possible, to pin down details of the reaction 
mechanism: the data indicate that at recoil momenta Q larger than 500 MeV/c 
the stripping reactions mentioned above are all dominated by n-induced 
A-isobar excitation. 

Concentrating on scattering energies around or above the 33-resonance 
the characteristic features of the (p,Tt), the (v,p) and the (d,p) reaction 
are investigated in the rescattering model. Various problems are addressed 
in detail: 
- the role of the direct versus the single rescattering contribution to the 

nuclear amplitude is extracted from a coherent analysis of the excitation 
function of the (p,Ti) and the (y»p) process, yielding the dominance of the 
two-nucleon mechanism for Q » 400 MeV/c; 

- within the rescattering model the 
interplay between the real and the 
virtual isobar excitation is discussed 
and an estimate for the admixture 
probability of virtual isobar components 
in the nuclear ground state is given; 

- we establish a transparent relation 
between the (p.Ti) and the (d,p) 
process at energies far above the 
33-resonance; the model accounts 
qualitatively for the strong 
similarity between both reactions 
observed in recent data'' (in the 
figure enclosed the (d,p) and the 
(p,Ti) differential cross section 
are compared a function of the recoil 
momentum Q ) . 

Permanent address: Institute for 
Theoretical Physics, University 
Erlangen-Nurnberg, Erlangen, W-Germany 
1. A. Boudard, P. Couvert and M. Dillig 

preprint DPh-N/ME, CEN Saclay (1980) 
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ELASTIC SCATTERING OF 0.8 GeV POLARIZED PROTONS OFF 4 6 , 4 8 T i * 
G. Pauletta, G. Adams, + H. H. Gazzaly, + + G. J. Igo, A. T. M. Wang, 

A. Rahbar and A. wriekat5 

University of California, Los Angeles, CA 90024 USA 
G. U. Hoffmann 

University of Texas, Austin, TX 78712 USA 
and 

Los Alamos Scientific Laboratory, Los Alamos, NM 87545 
M. Barlett 

University of Texas, Austin, TX 78712 USA 
J. Aman and L. Ray 

Los Alamos Scientific Laboratory, Los Alamos, NM 87545 
Differential elastic cross sections and analyzing powers for the scat

tering of polarized protons off 46,48Ti have been measured at angles ranging 
between 4.5° and 7.5° (cm.) using the High Resolution Spectrometer at the 
Clinton P. Anderson Meson Facility (LAMPF). The absolute laboratory angle 
was determined to ± 0.03°. The statistical errors in the differential cross 
sections are typically < t U while those of the analyzing powers range 
between 0.01 and 0.05. The absolute normalization is believed reliable to 
t 5%. Differential cross sections for 48Ti are shown in the accompanying 
figure. The solid curve in this figure represents a calculation using a 
spin-dependent KMT optical model in the Schrbdinger equation with relativis
t s kinematics. Details of the method 
have been reported elsewhere.1 Analyz
ing powers (not shown here) are also 
calculated. Neutron matter distribu
tions which are adjusted to obtain the 
best fit to the data, will be present
ed and compared with Hartree-Fock cal
culations. 
*This work was supported in part by 
the U.S. Department of Energy. 
Present address: Mass. Inst, of 
Tech., Cambridge, Mass. 02139. 
Present address: Dept. of Physics, 
Univ. of Minnesota, Minneapolis, 
Minn. 55455. 
Present address: Univ. of Jordan, 
Amman, Jordan. 
1. L. Ray, et a!., Phys. Rev. C18, 

(1978) 2641 and refs. therein. 
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ON THE ZERO-POINT GOLDHABER-TELLER (GT) MOTION 
0. Bohigas 

Division de Physique Theorique , Institut de Physique NuclSaire, 
F-91406 Orsay Cedex 

In ref.1 1] a beautiful model-independent interpretation of 
the bremsstrahlung weighted photoabsorption cross-section o_i has 
been given : 0_i = J (a(u3)/oi)dw=(4/3) ir2 (e^/hc) (NZ/A) 2<0|rZNl 0> where ?2N l s the relative coordinate of the center of mass of protons 
with respect to the center of mass of neutrons. The above equa
tion tells that a_i is a direct measure of the GT zero-point mo
tion. We analyse the experimental data to extract the amplitude 
of this motion (see table). From the experimental knowledge of 
a-i [ 2] (first column) is extracted the value of <r2;N:>1'/^ (second 
column) . The ratio R of <rzN>1/'^ to the experimental charge root 
mean square radius r c (third column) is given in the fourth column. The fifth column gives the following estimation of R : take 
HzN=(p2/2p) + (l/2) u£22rzN t o describe the relative proton-neutron 
motion, with v=(NZ/A)m=(A/4)m and hfl=79 A~l/3_MeV in agreement 
with the systematics on the GDR. One obtains R=1.87 A~2/3r shown on the fifth column, in good agreement with the value of R ex
tracted from experiment. The last column (RGDR= /5/3 R) corres
ponds to the ratio of the root mean square radius of proton-
neutron motion of the GDR to r c. For light nuclei, R and RGDR are large and therefore there are good chances that during the dipole 
oscillation proton and neutron distributions have a relatively 
small overlap. One can then imagine that the study of the deex-
citation of the GDR of light nuclei may provide information on, 
for instance, neutron-neutron correlations. In particular, the 
possibility to observe multineutron bound states in this way 
should be explored (in ̂ Li, for which RGDR i s 0.68, the 2n thres
hold is at 10.9 MeV and the 3n is at 31.5 MeV, not too far from 
the GDR) . 

a-l(mb) <o|r| H|0> 1 / 2(£m) r c(fm) R R KGDR 

7Li 4.64 1.28 2.41 0.53 0.51 0.68 
9Be 5.19 1.05 2.51 0.42 0.43 0.54 

12c 8.81 1.01 2.45 0.41 0.36 0.53 
1 6 0 14.50 0.97 2.72 0.36 0.29 0.46 
4 0ca 45.5 0.69 3.48 0.20 0.16 0.26 
9 0zr 70.6 0.39 4.28 0.09 0.09 0.12 
208 p b 229.2 0.31 5.50 0.06 0.05 0.07 

[1] A. Dellafiore and D.M. Brink, Nucl. Phys. A286 (1977) 474. 
[2] J. Ahrens et al., Nucl. Phys. A251 (1975) 479 ; R. Bergere 

in "Lecture Notes in Physics", Vol. ̂ 1, Springer-Verlag. 

Laboratoire associS au C.N.R.S. 
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INELASTIC ELECTRON SCATTERING FROM 1 5 2Sm 

Phan Xuan-Ho, J.B. Bellicard, J.M. Cavedon, B. Frois m 

D. Goutte, M. Huet, P. Leconte, S.K. Platchkov and I. Sick 

DPh-N/HE, CEN Saclay, France 

D.G. Ravenhall andL.S. Cardman 

University of Illinois, Urbana-Champaign, USA 

A precise shape of ground state and transition charge densities has never 
been determined up to now in the central region of a deformed nucleus. This 
was due to the absence of data at higher momentum transfer than 2.5 fm~ , be
cause of the high energy and good energy resolution simultaneously required. 
It prevented a conclusive interpretation of the comparison with microscopic 
theories, since it is precisely the shape of the densities in the interior re
gion of nucleus that is the touchstone of modern theories. 

We report here an electron scattering experiment reaching qraax'v'3 f m ~ 
from the low-lying levels of 1 5 2Sm. The experiment has been performed at Sa
clay at an incident energy of 500 MeV. For the first time a resolution of 
1.1 x lO-1* at 500 MeV has been achieved sufficient to separate the 2 +, from 0 + 

(E* = 122 keV) (Fig.l). Cross sections have been measured down to 10 9 rab/sr. 
Background was absent. Cross sections are shown in Fig. 2 together with a cou
pled channel prediction1) adjusted to previous lower momentum transfer data 
q "v 2.2 fm - 1. It is quite interesting to see that the disagreement is large 
with our new data at high q. The analysis of these data together with previous 
data will be completed in the near future. 

1. L.S. Cardman et al., Phys. Rev. U?C (1979) 1388. 
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University of Basel, Switzerland. 
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CHARGE DENSITY DIFFERENCE BETWEEN 1 2 1 ,Sn AND n 6 S n ISOTOPES 

J.M. Cavedon, B. Frois, D. Goutte, M. Huet 
P. Leconte, Phan Xuan-Ho and S.K. Platchkov 

DPh-N/HE, CEN Saclay, France 

I. Sick 

University of Basel, Switzerland 

We have performed at Saclay an elastic electron scattering experiment on 
1 2 1*Sn and 1 1 6 S n isotopes, up to a momentum transfer q m a x = 3.55 fm - 1. Our me
dium and high-q data have been combined in the analysis with previous low and 
medium-q data 1* 2) and muonic X-ray transitions3). The charge densities for 
both isotopes are now determined with an accuracy of ± 1 % in the surface and 
in the interior of the nucleus. 

The smooth behavior of both densities confirms a systematic trend of mean-
field theoretical calculations, that predict too much structure in the inte
rior of the nucleus. 

In contrast with this trend, nearly all calculations are able to repro
duce quite well tho charge shift induced by adding 8 neutrons in an open shell. 
The figure shows the agreement of the charge density difference with a number 
of calculations. 

1. J.R. Ficenec, L.A. Fajardo, W.P. Trower et I. Sick, Phys. Lett. 42B 
(1972) 213. 

2. T.H. Curtis, R.A. Eisenstein, D.W. Madsen et C.K. Bockelman, Phys. Rev. 
184 (1969) 1162. 

3. J.W. Kast et al., Nucl. Phys. A169 (1971) 62. 
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RADII OF VALENCE ORBITS FROM MAGNETIC ELECTRON SCATTERING 

S.K. Platchkov, J.B. Bellicard, J.M. Cavedon, B. Frois, 
M. Huet, P. Leconte and Phan Xuan-Ho 

DPh-N/HE, CEN Saclay, France 

P.K.A. de Witt Huberts and L. Lapikas 

IKO, Amsterdam-1006, The Netherlands 

I. Sick 

University of Basel, Switzerland 

We present here the final results of the analysis of experiments carried 
out at Saclay on f 7/2 and g 9/ 2 nuclei. These experiments have mapped out res
pectively the M7 and M9 magnetic form factors in the momentum transfer range 
q = 1.8-3.0 fin-1. 

We have investigated in detail the effects of coulomb distortion, model 
dependence and mesonic exchange currents. We believe that the radii of the va
lence orbits deduced from our analysis are determined with an accuracy of 
T- 1.2 %. For the f 7^ 2 shell we find r„ = 3.99 fm in l , 9Ti and r p = 4.01 fm in 
5 1V. The corresponding values: for lgg/2 shell are : r n = 4.76 in B 7Sr and 
r p = 4.90 in 9 3Nb. The figure presents percentage deviations from some of the 
best mean field calculations1-^). Core polarization has negligible effect on 
the rras radii while meson exchange currents tend to improve the agreement by 

nt 1 %, but further calculations are needed before drawing a truly quanti
tative conclusion. 

1. . J. Decharge and D. Gogny, Phys. Rev. C, to be published, and private 
communication. 

2. X. Campi and D.W. Sprung, Nucl. Phys. A194 (1972) 401 and private commu
nication. 

3. J.W. Negele and D. Vautherin, Phys. Rev. C5̂  (1972) 1472 and private com
munication. 
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THE STRUCTURE OF THE TRANSITION CHARGE DENSITY 
FOR THE FIRST EXCITED STATE (J ¥=2 +) OF 5 8Ni 

B. Frois, J.B. Bellicard, M. Huet, Ph. Leconte, X-H Phan and S. Turck 

DPh-N/HE, CEN Saclay, France 

J. Heisenberg 

University of New Hampshire, Durham, USA 

I. Sick 

University of Basel, Switzerland 

The structure of the ground state charge density of 5 BNi has revealed the 
existence of dynamical deformation effects''2). Since these effects are ra
ther small in the ground "tate, it is only in the transition charge densities 
that a really meaningful study can be carried out. Inelastic electron scatte
ring brings out the fine details of the transition charge densities. However, 
it is well known that the lack of data at high momentum transfers may lead to 
improper shapes and errors 3). In order to determine accurately the 2 + transi
tion charge density of the first excited state of 5 aNi(J 1 I=2 +, E = 1.45 MeV), we 
have measured (e,e') cross sections for momentum transfers up to 4 fra (Fig.l). 
The experiment was carried out at Saclay Linear Accelerator (ALS) simultaneous
ly with the measurement of elastic cross sections2). The analysis of these da
ta together with previous results3) has been made with a Fourier-Bessel expan
sion of p t r(r). The shape of Ptr(r) (Fig.2) is now extremely well determined 
and will allow a significant discussion of the theoretical hypotheses. 

i o - " 

10" 

S ia-33 

5 8N,(e.e) 
J " - 2 " E"'l.45MeV 
E • 448 Mev 

• SACLAV 

» previous WTA 

1. M. Girod and D. Gogny, Phys. Lett. 64B 
(1976) 5. 

2. I. Sick et al., Phys. Rev. Lett. 35̂  (1975) 
910. 

3. J. Heisenberg, Adv. in Nucl. Phys., to be 
published. 
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CAN NUCLEAR OPALESCENCE BE SEEN IN MAGNETIC FORM FACTORS 
OF lp SHELL NUCLEI ? 

J. Delorme, A. Figureau and P. Guichon 

Institut de Physique Nucleaire (et IN2P3) 
Universite Claude Bernard Lyon-1 
69622 Villeurbanne Cedex, France. 

It has recently been suggested that strong^critical effects could ex
plain the anomaly seen in (e, e1) excitation of the 1 (15.11 MeV) state of 1 < JC 
in the region of the critical momentum (2 to 3 m^) of pion condensation. This 
interpretation implied that nuclei might be much closer to the condensation 
threshold than previously expected. In view of the importance of the issue 
a systematic investigation has been undertaken to check whether this exci
ting possibility survives comparison with other available magnetic data. We 
have limited our study to the lp shell because it was of primary importance 
to insure that the wave functions are good enough at low transfers to repro
duce data on spin flip processes like 0 decay rates an Ml widths. The nuclear 
size parameters were determined from charge scattering where critical ef
fects are absent at least in the momentum range of interest. Cases like ^Li 
and 14JJ where either charge scattering or low momentum data are not well 
understood were discarded. 

We found that according to the structure of the states, the core polari
zation produced by the pion field (and more generally interactions which cou
ple to spin longitudinally) interferes additively or destructively with the stan
dard lp shell magnetic form factor in the region between 2 to 3 m „ . In con
trast the polarization due to transverse interactions like the rho meson ex
change is always additive at these momenta. Therefore the overall size and 
sign of polarization effects are much state dependent so that critical pheno
mena which are an enhancement of the longitudinal polarization do not neces
sarily appear as an increase of the form factors. Extreme cases a re repre
sented by the - C 1+ state (enhancement of the second maximum) and the 
ground state of " C (depression) and their comparison is crucial for opales
cence calculations ' ' . Less spectacular effects are predicted for other tran
sitions. Our model is found to provide a coherent description of the available 
data which are thus compatible with proximity of pion c -mdensation. 

1. J. Delorme, M. Ericson, A. Figureau and N. Giraud, Phys. Lett. 89 B 
(1980) 327 ; J. Delorme. A. Figureau and N. Giraud, preprint LYCEN 7975 
(to appear in Phys. Lett. B). 

2. J. Delorme, A. Figureau and P. Guichon, preprint LYCEN 8023. 
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STUDY OF "Al BY LOW-MOMEMTUM TBAHSFEB. ElECTBOH SCATTBHIHG. 
B.S.Dolbilkin, H.L.Kondratiev, V.P.Xicin, A.L.Polonaky. 

Institute for Nuclear Research, 
Academy of Sciences,USSR, Moscow. 

An investigation of light deformed nuclei gives an interes
ting information about nuclear structure. Particularly, 2'A1 
lies in the transition region where the nuclear deformation 
changes its sign. In spite of extensive experimental data on 
2'A1 it is among the nuolei whose ground-state charge distribu
tion was not studied with good accuracy. A rather big diffe
rence exists for the data concerning levels 2.21, 2.73 and 3.00 
MeV. The states at 0.84 and I.01 MeV were not so far studied in 
detail by electron scattering. In this work all these levels 
were investigated and we compare our experimental results with 
predictions existing nuclear models. 

The experiment was performed using electron scattering faci
lity*' at INR, Moscow. The differential cross section of 2'A1 
were measured in the momentum transfer range 0.23 - 0.54 fm - 1 

up to excitation energies approximately 3 MeV. The elastic 
cross sections were normalized to 
known I 2 C ones. With total energy 

10" 

10 -4 

2.2IMeV 

ICM 

3.00MeV 

Al(e e*) 
resolution 4 0 - 7 5 KeV all levels 
of 2'A1 having at this energy in
terval were clear distinguished. 

In our experimental conditions 
magnetic scattering contribution 
into elastic scattering was neg
ligible. Quadrupole contribution 
was evaluated to be less than \ 
0.2%. Elastic scattering formfac
tor dependence is near to that 
determined by Fermi charge dist
ribution parameters c8ff» 2*95 fm teff* 2.48 fm. A preliminary ana
lysis gave the mean square radius 
of 2'A1 to be 3.10 * 0*04 fm. 

Experimental formfactors of 
the excited states were defined 
as 6exp/6nKF » where C M K F -the point cross section in the second Born 
approximation. FormfaotorB for the levels 2.21 and 3.00 HeV are 
shown on fig. by black points. Open points are the results from 
ref 27 All data are well described by shell model calculations2' 
(the continuos line on the fig.),but are disagreed with inter
mediate coupling model(ICH), which prediction is shown by the 
dashed line. According to ICM cross section ratios for states 
0.84;I.0Ij2.2I;2.73 and 3.00 MeV should be 0.25;0.3;I.0;0.75; 
1.25. For E0=75 MeV our experimental ratios are 0.25;0.3;I.O; 0.25;0.5.An analysis of other experimental data is in progress. 

1) A.V.Batjunin et al. Proc.Sendai Conf. on Electro- and Photo-
excitations, ed. Y.Kawazoe (Japan) p.313 (1977). 

2) R.I.Singhal et al. Nucl.Phys. A279 (1977) 29. 

27 T 1 1 r 

' « ' j L 0.4 0.8 

122 



DETERMINATION OF THE TRANSITION CHARGE DENSITY OF THE 
OCTUPOLE VIBRATION IN z 0 8 P b 

Goutte, J . B . B e l l i c a r d , J.M. Cavedon, B. F r o i s , H. 
P. Leconte , Phan Xuan-Ho and S. P la tchkov 

Huet 

DPh-N/HE, CEN Saclay, France 

J. Heisenberg 

University of New Hampshire, Durham, N.H. 03824, USA 

J. Lichtenstadt and C.N. Papanicolas 

MIT, Cambridge, Mass. 02139, USA 

I. Sick 

University of Basel, Switzerland 

We have determined the transition charge density of the octupole vibra
tion of z 0 8 P b with an unprecedented accuracy in the interior of the nucleus. 
Cross sections were measured for inelastic electron scattering at various ener
gies up to 502 MeV. A momentum range of 0.6 £ q $ 2.6 fm _ 1 was explored with 
the high resolution facility of MIT Bates Laboratory and extended at Saclay in 
the range 1.7 S q S 3.4 fm—* to cross sections as low as 10~ 3 7 cm2/sr (Fig.l). 
These data have been analyzed together with earlier (e,e') results previously 
analyzed by Rothhaas et al. (Phys. Lett. 5JI[ (1974) 23) and B(E3) values deter
mined by Coulomb excitation measurements. 

Fig.2 is a comparison of the experimen
tal transition charge density with some 
theoretical calculations in the RPA fra
mework : a) Hamamoto, b) Decharge andGogny, 
c) Bertsch andTsai, d) using the Migdal 
interaction. The error band of the expe
rimental result includes both statistical 
and completeness error. The discrepancy 
in the interior of the nucleus offers a 
measure of the limitation of the various 
theoretical approaches. 
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EXPERIMENTAL DETERMINATION OF THE MAGNETIC FORM 
FACTOR OF 3He 

J.M.Cavedon, B .Fro i s , D.Goutte, M. Huet, P . Leconte, J.Martino, 
X.H. Phan, S.K. Platchkov 

DPhN/HE, CEN. -Saclay, France 

I. Sick 
University of Basel, Switzerland 

P . de Witt Huberts 
I K O, Amsterdam, Netherlands 

We have measured at Saclay the magnetic form factor of •'He for 
a momentum transfer range of q ' = 8 - 25 fm"^. Electrons were 
scattered elastically at an angle of 155° from a high pressure 
gas target, for incident energies up to 604 MeV. 

The purpose of the experiment was to determine the position of the 
first diffraction minimum and the amplitude of the second maximum. 
This is a region extremely sensitive to the d-state component of the 
ground state and to the mesonic exchange currents. 

Preliminary results show that the diffraction minimum has been 
found. It is located at higher q than expected by most calculations. 
The beginning of the second maximum has also been determined. 
Additional data will be taken after upgrading the Saclay linac to an 
incident electron energy of 7 20 MeV. 
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PROTON MOMENTUM DISTRIBUTIONS IN p-SHELL MEASURED IN 
1 2 C AND 1 6 0 (e.e'p) REACTIONS 

P. Barreau, M. Bernheim, A. Bussiere, M. Finn, J. Morgenstern, J. Mougey, 
D. Royer, D. Tarnowski, S. Turck-Chieze 

DPh-N/HE, CEN Saclay, France 

S. Frullani 

ISS and INFN Sanita, Roma, Italy 

S. Boffi, C. Giusti, F. Pacati 

Pavia University and INFN Pavia, Italy 

G.P. Capitani, E. de Sanctis 

INFN Frascati, Italy 

G.J. Wagner 

MPI Heidelberg , nest Germany 

E. Jans 

IKO Amsterdam, The Netherlands 

Electron coincidence experiment (e.e'p) on 1 Z C and 1 6 0 has been recently 
carried out at Saclay Linear Accelerator in order to measure in extended kine-
matical region the spectral function of bound protons. The analysis here re
ported refers only to p-shell. The influence of different choices of bound 
state wave function and optical potential parameters in the theoretical des
cription of the measured angular distribution will be discussed. Particularly 
important is the contribution of spin-orbit component (real and imaginary 
part) in the distorting optical potential to give account for asymmetric dis
tributions measured in different kinematical configurations. In figure momen
tum distributions for P3/2 and P1/2 protons in 1 G 0 are shown. The accuracy 
required by this type of reaction in order to distinguish between different 
many—body description of nuclear ground state will also be discussed. 
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Ml AND M2 TRANSITION CURRENT DENSITIES IN 1 2 C 
U. Deutschmann , G. Lahm+, R. Neuhausen 

Institut fur Kernphysik, Universitat Mainz, 6500 Mainz, Germany 
O.C. Bergstrom 

Ace. Lab., U. of Saskatchewan, Saskatoon, Sask. S7N 0W0, Canada 
The present electron scattering experiment was designed to measure the 

form factors for the magnetic transitions to the isospin T=l states in 1 ZC 
at e = 15.11 MeV (1 +) and E = 16.58 MeV (2 _), with emphasis on accurate data 
which extend as far as possible over the second lobe of the form factor. The 
motivations for this experiment can be summarized as follows. 

1. In order to obtain the Ml and M2 transition current densities in a 
relatively model independent way, the corresponding form factors must be 
known accurately over an extended momentum transfer range. 

2. Because of the deep connection between inelastic electron scattering 
and photoproduction of charged pions, good (e.e1) data are a necessary ingre
dient for a sophisticated analysis of pion photoproduction. 

3. Magnetic transitions with AT=1 are sensitive to mesonic exchange 
currents which are believed to increase in importance with increasing momen
tum transfer. 

4. The 15.11 MeV Ml form factor plays an essential role in the present 
discussion on precritical phenomena of pion condensation in finite nuclei. 

The measurements were performed using the energy loss mode of the elec
tron scattering facility at the Mainz 350 MeV electron linear accelerator. In 
analysing the measured spectra we have taken into consideration the influence 
of a recently reported 1) broad state at e = 15.4 MeV. From some forward angle 
spectra with high statistical accuracy we have obtained E = 15.44 ± 0.04 MeV 
for the excitation energy and r = 1.5 ± 0.2 MeV for the width of this new 
state. The magnetic form factors were determined in a momentum transfer range 
up to q = 3.0 fm-1. The quality of our data is such that the experimental 

errors in the Ml form factor 

4 [IOWI 15.1 M«V II* 

-0.5H 

squared are 4 % in the second 
form factor maximum and increase 
slowly to 11 % at q = 3.0 for 1. 
Since the range and quality of 
the experimental form factors are 
sufficient for a nearly model in
dependent determination of the 
transition current densities, we 
have deduced the Ml (see figure) 
as well as the M2 transition 
current density Jxx(r) with the 
formalism described in ref.2). 

Supported by Deutsche Forschungsgemeinschaft 
1. S. Ajzenberg-Selove and C.L. Busch, Nucl. Phys. A336 (1980) 1 
2. J.C. Bergstrom, U. Deutschmann and R. Neuhausen,~RUcTl. Phys. A327 (1979)439 
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DETERMINATION OF MATTER DENSITY BY LOW ENERGY PROTON SCATTERING 

A. Tarrats, I. Brissaud and J.L. Escudie 

DPh-N/ME, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France 

It is difficult to extract information an the matter density in the inte
rior part of heavy nuclei by scattering of high energy hadrons, because of the 
strong projectile absorption1). For example, the mean free path (X = 1/po) of 
1 GeV protons is only about 1.4 fm, corresponding to a N-N total cross section 
a of about 44 mb. However at low energy the Pauli effect decreases the effec
tive total cross section ; it has been shown 2), for instance, that A is about 
4 fm for 20 HeV protons. One hopes then that low energy proton scattering 
could yield accurate information about the density near the nuclear center. 

We have analyzed the 24.5 MeV proton elastic scattering by 1 1 8 S n by means 
of the OMP calculations a Tarrats and Escudie 3). The NN interaction was first 
calibrated by fitting of range of different nuclei 3). Then this calibrated in
teraction was used to extract the neutron density of 1 1 BSn. Following the Sick 
model (SOG)'O, we write : p n(r) = ? Ai [exp-((r-Ri)/y)2 + exp-CCr+Ri)/^)2] . The 
proton density was taken from Sickxet al.1*). We have determined the i values 
(i = 10) of Ai for many sets of Ri by fitting the elastic angular distribution 
data. The envelope of the trial densities gives the uncertainty of the neutron 
density. The figure shows our results for the matter density (p m = p„ + p n) and 
the proton density used in the calculation. 

Unfortunately, an unambiguous 
interaction could not be obtained 
by fitting the whole range of ca
libration masses (32-208). While 
the possible differences of the t-
matrix are small, the nuclear den
sities depend quite sensitively on 
them. We find that the nuclear 
surface region is stable against 
changes in the interaction, while 
the interior region envelope re
mains thin but moves by 2 ou 3 
times its width for different rea- ° ' ' 3 ' s <• ' , • . . . . T » m > sonable interactions. 

This clearly indicates that : i) the model is basically realistic ; ii) 
the extraction of reliable interior nuclear densities from this approach is 
beyond the present state of the theory ; iii) the sensitivity of low energy 
elastic observables (due to the long mean free path) to nuclear matter density 
is established. 

IPN, BP 1, 91406 Orsay, France. 
1. I. Brissaud and X. Campi, Phys. Lett. 86B (1979) 141 j N.J. DiGiacomo 

et al., Phys. Rev. CJ£ (1979) 1132. 
2. K. Kikuchi and M. Kawai, Nuclear matter and nuclear reactions, North 

Holland (1968) p. 33. 
3. A. Tarrats and J.L. Escudie, Microscopic optical potentials, Springer 

Verlag, Edited by H.V. Geramb (1979) p. 200 and contribution to this 
conference. 

4. I, Sick, Nucl. Phys. A218 (1974) 509 and B. Frois, private communication. 
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NEUTRON TOTAL CROSS SECTIONS OF 2 0 8 P b , 232Th, AND 238u FROM 5 TO 150 MeV+ 

R. E. Shamu,1"'' P. W. Lisowski, M. S. Moore, and G. L. Morgan 

University of California 
Los Alamos Scientific Laboratory 

Los Alamos, New Mexico 875̂ *5 

Neutrons are excellent probes for studying the shape of the nuclear 
potential because Coulomb effects are unimportant and because elastic, 
inelastic, and total cross sections all have significant dependences on 
potential deformation. Total cross section differences have been found to 
have a particularly interesting dependence; for example, the relative differ
ence [a T( 15' 1Sm)-a T0 1 ,8s r a)]/ O T(l 1t8s m), when plotted as a function of incident 
neutron energy over the range 0.8 to 15 MeV, has an oscillation for which the 
amplitude and phase depend primarily on the quadrupole deformation parameter 
and real potential strength, respectively, of the nuclear potential.1' Total 
cross section measurements on oriented '"SHO suggest that these oscillations 
may persist up to 150 MeV neutron energy. 

We have measured the total cross section of 2 0°Pb and the total cro -
section differences for 232Th-2"8pb and 238u-208pb from 5 to 150 MeV U : ' K , 
"white" source of neutrons from the WNR facility. 2' Neutrons were produce 
by bombarding a Ta target 2.5-cm diam by 15-cm high with a 0.2-ns-wide pulsed 
beam of 800-MeV protons from LAMPF and collimated by 80 cm of brass, 
iron, and lead. Neutron flux was monitored in-beam using a 0.3-mm-thick 
Pilot-B scintillator located just behind the collimator. The neutron 
detector was a NE 110 scintillator 10.2-cm diam by 15.2-cm thick which was 
viewed by an RCA 885^ photomultiplier tube and placed 31.78 m from the source. 
Time-of-flight spectra were obtained at four detector bias settings (~2 to 
-10 MeV) simultaneously using an Ortec TDC-100 time digitizer. For this 
source-detector system the T0F spectrum with a 2-MeV bias was essentially 
flat over the energy range of interest. The energy spread AE/E and room 
background were less than 2% 
over this range. The areal den
sities of the samples varied 
from 0.21 to 0.32 (atoms/b). 
Carbon, used as a standard, 
gave results consistent with 
accepted values.2' 

Our results for 2 o 8 P b (99% 
enriched) are given in the fig
ure for an energy binning (AE/E) 
of 5%. The statistical uncer
tainty shown is representative 
and is sufficient to show os
cillations in the total cross 
section difference results up to 
100 MeV. The Oj and difference 
data will be interpreted using 
a coupled-channel optical model. 
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••"Work performed under the auspices of the U. S. Department of Energy, 
ttpermanent address: Physics Dept., Western Mich. Univ., Kalamazoo, Ml A9008. 
1 R. E. Shamu, Ch. Lagrange, E. M. Bernstein, J. J. Ramirez, T. Tamura, and 

c! Y. Wong, Phys. Lett. 6_M[ (1976) 29. 
2 P. W. Lisowski, M. S. Moore, G. L. Morgan, and R. E. Shamu, Int. Conf. 

Nucl. Cross Sections for Technology, Knoxville, TN (1979). 
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EXPERIMENTAL DETERMINATION OF NUCLEAR DEFORMATIONS AND COMPARISON 

WITH MICROSCOPIC CALCULATIONS 

J . P . D e l a r o c h e , M.Gi rod , G.Haouat , J . L a c h k a r and Ch.Lagrange 

Service de Physique Seutronique et Nucleaire 
Centre d'Etudes de Bruyeres-le-Chdtel 

B.P. n° S61 
92542 MONTROUGE CEDEX, France 

Neutrons are suitable probes for the study of nuclear deformations. 
Marked deformation effects appear in the strength functions, total and scat
tering cross sections at low bombarding energies (E„ £ 10 MeV). When such an 
extensive set of data is included in a consistent analysis, useful informa
tion can be obtained with great confidence . At these low energies calcula
tions are more sensitive to small variations of the parameters than above and 
ambiguities arising from the potential determination or coulomb interaction 
are avoided. 

Experimental data were obtained using a high resolution neutron spectro
meter, which enables a clear separation of elastically and inelastically scat
tered neutron groups. Measurements were performed for some even isotopes of 
Sm, Gd, W, Th and U. The incident energies ranged from 1 to 3.5 MeV for the 
actinide nuclei and from h to 7 MeV for the rare-earth nuclei. Using statis
tical and deformed optical potential models, the deformation parameters have 
been determined with typical uncertainties of ± 5% for S2 and ± 10% for Bi,-
The observed differences between the values deduced from our data and from 
other processes (coulomb excitation ...) suggest that the deformation para
meters may be model dependent. As suggested by Mackintosh ' ) , it has been 
found that the comparison of the multipole moments of the charge density to 
those of the potential distribution is more reliable. 

The measured 2 n^ and 4 t n order moments of the neutron-nucleus potential 
and the corresponding calculated moments of the matter distribution are shown 
in Table 1. These moments were derived using the Hartree-Fock-Bogolyubov 
method and the finite range density-dependent Dl interaction 2 ) ; the calcu
lations were performed in an axially-deformed oscillator basis including 11 
major shells. The general trend (q^ exp > q\ DDHFB)cast some doubt on the 
reliability of directly comparing the moments of the matter distribution with 
those of the optical potential. In particular, it suggests that the effective 
interaction, to be used in the folding model, is density-dependent and that 
exchange effects are also impor
tant ' ) • 

1. R.S. Mackintosh, Nucl. Phys. 
A266, 379 (1979). 
B.Z.Georgiev, R.S.Mackintosh, 
Nucl. Phys. A307, 377 (1979). 

2. J.Decharge and D.Gogny, to be 
issued in Phys. Rev. C (Jan. 
1980). 

3 . M.Girod and D.Gogny, to b e 
p u b l i s h e d . 

Table 1 
nultipolc aomots of tarn n«tren-nucliui optical gotwrtial 
{tip.} ud tb« nucl—r wtt*r distribution (EOKnj 
q x - «*» lj» I/A. 

Isotope I j M 91,(1)') Isotope 
Kip. DDHFB [3] Kip. turns (31 

res,*, 

" 8 M 

, f l J V 
, 8 S i 

238„ 

1.86 1 0.10 

2.1s ± 0.10 

1.98 ± 0.10 

2.09 X 0.11 

2.22 ± 0.11 

2.08 1 0.06 

2.03 1 0.06 

3.0k t 0.1k 

3.50 , 0.16 

I.6B 

1.96 

1.82 

2.02 

2.08 

2.03 

1.85 

2.8k 

3.30 

0.63(0.12 

0.66 10.13 

0.5110.10 

0.5k t o . 10 

0.191O.O3 

0.2310.02 

0.25t0.03 

1.2110.12 

1.191, p. 12 

0.30 

0.k6 

0.32 

0.38 

- 0.08 

- 0.16 

- 0.2O 

0.69 
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PROTON ORBIT SIZES IN 2 0 9 B i FROM SUB-COULOMB 2 0 9Bi(t,a) 2 0 8Pb REACTION 
R. Chapman, J.L. Durell, J.N. Mo, A.I. Warwick1" 

Physics Department, University of Manchester, United Kingdom 
P. Skensved 

Queen's University, Kingston, Canada 
J.A.. Kuehner 

McMaster University, Hamilton, Ontario, Canada 
The established technique1) of obtaining nucleon orbit sizes by means of 

the sub-Coulomb transfer reaction has been employed to determine the rms 
radii of single particle orbits in 2 0 9 B i . The 2 0 9Bi(t,a) 2"8pb reaction has 
been studied at bombarding energies of 8.5 MeV and 9 MeV using beams of 
tritons from the McMaster University FN Tandem Van de Graaff." Angular 
distributions of a-particles leading to the ground state and strongly popula
ted particle-hole states in 2 0 8 P b have been measured. 

The data have been analysed using a zero-range DWBA code. A normalization 
constant of (20.8±3.1) 10" MeV 2 fm 3 has been used. This is obtained by 
comparing (t,a) cross-sections from exact finite range calculations with those 
from zero-range DWBA calculations. In the exact finite range calculation, the 
radius parameter for the <t,p|a> system is adjusted to reproduce the asympto
tic amplitude of the <t,p|a> wavefunction given by the forward dispersion 
relation2). The analysis yields a rms radius for the lh9/, proton orbit in 
2° 9Bi of 6.09(40.12/-0.08) fm (non-local potential) when the finite proton 
size is folded in. The result is in excellent agreement with the Hartree-
Fock value of 6.083 fm obtained by Sprung 3). The figure shows a comparison 
of the Hartree-Fock radial wavefunction3) with that obtained from the present 
work. 

Radius (fm) 
t Present address: Nuclear Science Division, Lawrence Berkeley Laboratorv Berkeley, CA 94720, U.S.A. y 

1. R. Chapman et al, Nucl. Phys. A3!6 (1979) 40. 
2. M.P. Locher and T. Mizutari, PTTyiTcs Reports 46 (1978) 45. 
3. D.W.L. Sprung, private communication. 
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HELION ELASTIC SCATTERING AT E = 130 MeV: A MODEL-INDEPENDENT ANAL.5IS 
T 

A. Djaloeis and S. Gopal 

90 

Ins t i tu t f i ir Kernphysik 
Kernforschungsanlage Ju l i ch 
D-5170 J i i l ich, W. Germany 

Angular distr ibut ions of helions e las t ica l ly scattered from Mg, N i , 
Ir and l ' 0 s n a t 130 MelA) have been subjected to a "model-independent-analy

s i s " . The real part U(r) of the optical model potential was represented by a 
spline function. Both volume (Woods-Saxon form) and surface (Woods-Saxon-Deri -
vative-WSD form) types of absorption were investigated. 

In general very good f i t s (average x 2 =l-8) were achieved for both types 
of absorption. The resul t ing shapes of U(r) are shown in f i g . 1. Except fo r 
2*Mg, the best - f i t spline potentials appear to be 
independent of absorption type; in addit ion, they 
show signif icant deviations from the commonly 
assumed WS-shape. These results are not surpr i 
sing since the real part of the optical model i n 
d i rec t l y ref lects the radial distr ibut ion of 
nuclear matter density which is known not to 
have the WS-shape. The large errors of U(r) in 
the in te r io r region are consistent with the fact 
that helions are strongly absorbed part ic les. 
The dominance of the Coulomb potential at small 
angle scattering results in large uncertainties 
of U(r) in the ta i l - reg ion . The difference bet
ween the two spline potentials for 2 4Mg may be 
associated with the large deformation and/or the 
small size of the 2*Mg nucleus. 

From the extracted rms-radii < r z

1 > 1 / z of U(r) 
and the known <m>^' o f matter distr ibut ion for 
58Ni and 9 0 Z r [ref. z ) ] , the effect ive < r?_ M > 1 / z 

of the T-N interaction was derived,to be 
Z.8±0.2 fra. This value leads to <r^>l/<L = 
4.7+0.2 fm for 1 2 0 S n . 

Consistently better f i t quality.was ob
tained with volume absorption (average x 2 = l . l ) > 
instead of surface (average x z =2.6). This contradicts the results of 
Chang et a l . 3 ) . The fact that bes t - f i t U(r) is pract ica l ly independent of ab
sorption type suggests that the relat ively worse f i t s obtained with the sur
face absorption ref lect an inadequate representation of the imaginary potent i 
al by the WSD-form. 

1. A. Djaloeis et a l . , Nucl. Phys. A306 (1978) 221 
2. A. Chaumeaux et a l . , Ann. Phys. 116 (1978) 247 
3. H.H. Chang et a l . , Nucl. P.hys. A297 (1978) 105 
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NUCLEAR SPINS AND MOMENTS OF NUCLIDES FAR FROM STABILITY 
DETERMINED BY ON-LINE ABMR TECHNIQUES* 

C. Ekstrom* 

Department of Physics, Chalmers University of Technology 
and University of Gothenburg, Gothenburg, Sweden 

and 
The ISOLDE Collaboration, CERN, Geneva, Switzerland 

During the last few years, the atomic-beam magnetic resonance (ABMR) 
apparatus1) connected on-line with the ISOLDE mass separator at CERN has 
been used extensively to measure nuclear spins and moments of nuclides far 
from the line of beta stability. The following elements have been studied: 
3 5 B r 2 ) , 37Rb 3'"), ^ 9 I n 5 ) , ssCs*' 6' 7), egTm 5), 79Au B' 9), 8 1T1 5) and egFr 5' 1"). 
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The results obtained have given information on nuclear level assign
ments and on changes in nuclear deformation. Evidence for strong deforma
tion effects have been observed in the light rubidium isotopes, in the 
light as well as heavy cesium isotopes and in the light gold isotopes. The 
level assignments proposed in cesium and gold are given in the schematic 
nuclear chart above which also includes previous data proposed for the neu
tron-deficient rare-earths 1 1). Isodeforraation curves for c a. 0.20 are in
dicated as well as a line separating the regions with ds/2 and g7/2 ground 
states. 

* Supported by the Swedish Natural Science Research Council. 
** Present address: EP Division, CERN, CH-1211 Geneva 23, Switzerland. 
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7. Nucl. Phys. A292(1977)144. 
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9. Nucl. Phys. (submitted). 

10. Physica Scripta 18(1978)51. 
11. Proc. Int. Conf. on Nuclear Phy

sics, Munich, 1973, ed. J. de Boer 
and H.J. Mang, Vol. 1, p. 253. 

132 



THE T= k ISOTOPIC MULTIPLET IN MASS kO 

R. I. Kouzes and E. Sherr 
Department of Physics 

Joseph Henry Laboratories 
Princeton University 

Princeton, New Jersey 0854U 
The Isobaric Mass Multiplet Equation relating the masses ~>f analog 

states agrees extremely well with experimental measurements. We have ini
tiated a program to push the test of the IMHE to a T = U multiplet in mass ko. 

We have used the Princeton Cyclotron and QDDD spectrometer to make 
initial measurements on thrf a of the members of this multiplet and have 
previously reported our result on the mass of **Os.l) We will report on our 
initial findings from the eight-nueleon-transfer exotic reactions 
'tScaPHe, 1^)^, I«ca(3He,1-I-B)1*0Cl and ^Ca^He, "-Be^Ar. We believe 
we can eventually reach five of the nine multiplet members using seven 
or eight nucleon transfer reactions. 

*This work supported by the National Science Foundation Grant no. PHT78-
01473-

1. K.T. Kouzes and E. Sherr, Proc. of 6th Int. Conf. on Atomic Masses, 
Mich. St. Univ., E. Lansing, MI, Sept. 1980. 
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MASS MEASUREMENTS FOR THE FIRST T = 2 STATE IN J £ S AND J i : Si : 
TEST OF THE IMNE. 

M.S.Antony, A.Huck, G.Klotz, A.Knipper, C.Miehe et G.Walter 
Centre de Recherches Nucleaires 67037 Strasbourg France* 

The exci tat ion energy of the f i r s t 0 T = 2 state in LS has been 
determined from a detailed study of the y ie ld curve and the decay energies 
of the resonances at 3289 keV (0+ T= 2) and 3283 keV (4"T = 1) in the 
3lp(p,Y)32s reaction. Accurate energy standards from thermal neutron capture 
on chlorine were stored simultaneously. The result (see table) i s comparable 
but more accurate than the previous value (E x = 12 050 + 4 keV, Ref.l). 

32 30 
The mass difference between Si and Si has been determined from a 

measurement of proton groups in the ( t ,p ) reactions induced on mixed 
2 8 S i + 3 0 S i targets. A number of instrumental effects and the cal ibration 
procedure have been carefully checked, since the result (see table) deviates 
from the previously accepted value ( - 24 092 +_ 7 keV, Ref.2). 

The coeff icients of the cubic Isobaric Mult iplet Mass Equation (IMME) 
are shown in the table, with the input values. The accuracy of the d-coeff i -
cient is s ign i f icant ly improved as compared to a previous determination 3) 
(d = 0.5 + 2 .5) , resulting from the f i r s t observation of the 0 + T = 2 state 
in 32ci at ISOLDE. I t appears that the A = 32 quintuplet i s the best example 
for a vanishing deviation from charge-symmetry in a T = 2 mult ip let * ) . 

Tz Mass excess (keV) Ex(keV) Reference 
32 s i + 2 - 24 078.0 + 1.3 0.0 This work 
32p + 1 - 19 231.6 + 1.2 5 073.1 +0.9 2 
3 2S 0 - 13 970.1 + 0.7 12 045.0 + 0.4 This work 
3 ZC1 - 1 - 8 295.6 + 5.2 5 033.0 + 10.0 3 

H{TZ) = a + b" rz + cT* + dT 3 : a = - 13 970.1 + 0.7 keV 
b = - 5 468.4 + 2.1 keV 
c = + 206.5 + 2.7 keV 
d = + 0.35 + 1.09 keV 

1. J.Vernotte, S.Gales, M.Langevin, and J.M.Maison, Phys.Rev.C8 (1973) 178 
2. P.M.Endt and C.van der Leun, Nucl. Phys. A310 (1978)1 
3. E.Hagberg, P.G.Hansen, J.C.Hardy, A.Huck, B.Johnson, S.Mattson, H.L.Ravn, 

P.Tideman-Peterson, and G.Walter, Phys.Rev.Lett.39 (1977) 792 
4. D.M.Moltz, Lawrence Berkeley Laboratory report LBL-9718 (1979). 

*sponsored by IN2P3 (CNRS1 Paris and Universite Louis Pasteur, Strasbourg 
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('Li,JHe) REACTION ON THE CARBON ISOTOPES : 1 0 N MASS 
L. Kraus, I. Linck, A. Pover ind J.C. Sens 

Centre de Recherches Nucl§aires 
et Universite Louis Pasteur 

67037 Strasbourg Cedex, France 
Me have measured the (?H transfer ?) reaction (Li, He) on the three 

carbon isotopes. Spectra taken with a tEj- &E-- E telescope at E|_-j = 32, 42 and 
48 HeV show some selectivity for 1 6 N and 1?N levels. The cross sections for the 
most strongly excited states in l e N and 1 7 N are of the order of 20 yb/sr. The 
reaction under study is able to populate the J*= 2" ground state of ""N with 
(do/dn) = 6 pb/sr at 32 MeV and 30°lab. 

The figure shows a portion of the composite spectrum for the ^H ground 
state region obtained by summing over two angles and two incident energies, 
plotted againts Q-value. The ground state peak is somewhat broadened by this 
procedure. 

Me performed exact shell-model calculations using the "ZBM" interaction') 
for the nitrogen isotopes. The agreement for the known low-lying states in 1 6 N 
and I'N is very satisfactory. The predictions for the first states in 1 8 N (with 
the main configurations) are : 

(4/2 2" g.s 
3" 0.41 HeV (d 3 

1" 0.56 MeV (d3 

P?/2> 0¥ = 0" 0.79 MeV ( d ^ s ^ p ^ W d V p 1 ) 
P3) 
p3)+(d2 s1 P3) 

0.8Z MeV 
0.91 HeV 

(dVp3)+(d' >sV) 
16., 

(d'p 'l+wW) 
UC(7LI,3HE)18N 

Jl 
IP-
L-. It 

Based on tendencies observed in the N data, 
we would expect to populate most strongly the 
2" g.s. and the 3" level of 1&N sequence given 
above. 1 8 The N mass excess found from the composite 
spectrum is 13.29 ± 0.06 MeV, the energy scale 
being calibrated by known peaks from the 
l zC('Li,3He) reaction. There is some evidence for 
excited states at 0.53 ± 0.06 MeV and 0.83± 0.06MeV. 
More precise values could be obtained from the 
individual spectra. 

This first reported transfer reaction leading 
to 1 8 N levels, supplemented with shell model 
predictions, does not support other preliminary,, 
results z ) for the mass and excited states of 1 8 N , 
but is in agreement within the stated errors with 
recently reported values 3 ) ; both latter results 
being obtained with charge exchange reactions. 
1) A.P. Zuker, B. Buck, J.B. McGrory, Phys.Rev.Lett. 21 (1968) 1939 
2) R.J. De Meijer, D.P. Stahel, A.N. Bice, R. Jahn and J. Cerny, 

Nuclear Science Annual Report, L.B.L. Report 8151 (1978) 9 
3) F. Naulin et al., J. Physique Lett. 41 (1979) L-79 
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Ta : AN EXOTIC NUCLEUS CLOSE TO STABILITY 
E. Uarde, G.J. Costa, R. Seltz, D. Hagnac and C. Gerardin 

Centre de Recherches Nucleaires et Universitfi Louis Pasteur, 
67037 Strasbourg Cedex, France 

180 Two levels are reported in Ta, both isomers : one having a life of 
•v. 10 1 3 years and a spin 9" or 8 +, the other having a half-life of 8.15 h and a 
spin 1 +. Until very recently it was commonly admitted that the ground state of 
1 8 0 T a is the long lived isomer (L.L.I.) 1 ) . From previous measurements and 
updated values of masses for neighbouring nuclei the neutron separation energy 
in ISlja is now compiled to be E n = 7583 ± 12 keV for the short lived isomer (S.L.I.) of 180Ta. For the L.L.I.. a tentative E n - value of 7653 ± 4 keV has been assigned from the 1 8 0Ta(n,-r)l 8 1Ta reaction z). 

The level scheme of 180fa was investigated using the following reactions : 
18lTa(p,d)180Ta at 19 MeV, 178Hf(o,t)179Ta at 62.2 HeV and *'9Hf(3He,d)180Ta at 
36 MeV. In all cases outgoing particles were analyzed with a spectrograph. The 
overall resolution was 20 to 40 keV depending on the reaction * ) . 

Experimental cross sections were compared with calculations using Nilsson 
wave functions and the DWBA in order to identify observed peaks with rotational 
levels due to the coupling of the unpaired neutron and proton. Levels up to 
900 keV in 18°Ta have been observed. The low lying excitation region is 
reported in the figure. 

— - £ - - f l - - --II404IL ,18241] I 
~ L --|l404IJp.[514lln| 

_2 l -RiF |i624,ysi4 (jp| 
_ | L - | [ 624 | ] n , [ 5 l 4 l ] p | 

2* 

_*L |no«V .!••«]. I 

The transfer reactions may not excite all possible configurations in 1 8 0Ta. 
There is however strong evidence for identifying the observed (1+,1) state with 
the ground state as its configuration corresponds to the lowest computed energy 
from a systematic study of active Nilsson orbitals in neighbouring odd-odd 
nuclei "0. The Q-value of this (1+,1) level was obtained from comparison with 
the Q-value of the l 8 0Hf(a,t) 1 8iTa reaction present as a contaminant in the 
spectra. + 

The neutron energy separation for the (1 ,1) state could then be deduced: 
E n = 7570 ± 17 keV in good agreement with the value reported for the S.L.I. The excited (9",9) level observed at 82 ± 20 keV has E n = 7652±26 keV, very close to the measured value for the L.L.I. The (8 +,8) level, sometimes believed to be 
the L.L.I., is more excited (E x=177 keV). The two isomers belong respectively to the configurations {[404 + ] p [624 t] n} for the (1+,1) and {[624+] n [514+] p) for the (9-,9). 
1) A.H. Wapstra and N.B. Gove, Nucl.Data Sheets 15 (1975) 577 
2) R.G. Lanier, J.T. Larsen, D.H. White, M.C. Gregory, B.A.P.S. 17̂  (1972) 899 
3) E. Warde, Thesis, Strasbourg (1979) 
4) O.P. Boisson, R. Piepenbring, W. Ogle, Phys.Rep. 26_ (1976) 99 
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THE "UNITARY ENERGY BAND" STRUCTURE IN THE BARYON-ANTIBARYON SYSTEM 
Vang Wei-wei Zheng Yu-shun and Li Yang-guo 

Institute of High energy Physics, Academia Sinica, 
Peking, People's Republic of China 
Chen Xiao-tian and Yuan Tu-nan 

University of Science and Technology of China 
Hofei, Anhwei, People's Republic of China. 

In this paper a description of the baryon-antibaryon system 
is proposed on the basis of ref.(l). H P , N and_A with spin % 
form the basic particles of SU(6) U' , then the BB system can be 
classified into three groups: the pseudoscalar states (S=0,octet) 
vector states (S=1, 27 states) and a singlet atete (S=0). Using 
the K breaking mass_formular. and mass mix formula^ ', the SU(6J_ 
mass 'relations of BB system can be given and the spectrum of BB 
system has two obvious characters: the SU(6) "Unitaey Energy 
Band" (UEB) and the SU(6) "Strangeness Analogy States'* (SAS). 

In this paper, the experimental spectrum of BB system are 
analysed. _The calculations show that: there exist six SU(6) 
"UEB" in PP system(S=1, mass M<2.300Gev.), every "UEB" consists 
of three, levels, and exist_the "SAS" be£ween the PP 3ystem and 
other BB~ systems such as NP system or BB systems which have 
strangeness S=+1. 

It is clear-from the longitudinal relations — the "UEB" 
structure, the levels of the PP and AA-systems can be divided into 
different "UEB" according to its outer symmetry! from the trans
verse relations — "SAS" structure, the levels of different BB" 
systems can be connected by the "SAS" mass relations. We give 
here a schematic diagram., in which energy/ levels are denoted by 
meson symbols. 

S = 0 Systems S = 1 Systems 

(PP) (NS) (PN) (NP") (P*)(AP) 
(NK) (AN) (AA) (pf)(NN) (PN)(NP") (m&W (AAJ* 
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Thus using any two levels in the »B«B "UEB" of PP" the third 
one can be obtained. By using PP* spectrum, the 
spectra of all other BB* systems can also be_obtained. Otherwise, 
using the PN(NP*) and A A* system or those of PN(NP) and BB with 
strangeness 3 = + 1, the P"p" spectrum can also be obtained. 

(1) Yuan Tu-nan et. al., 8 International Conference on Hingh 
Energy Physics and Nuclear Structure. Vancouver (1979) 
Proceedings of the Kaon Factory Workshop (1979) 63 
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Coexistence of Neutron Superfluid and ir° Condensation 
in Neutron Star Matter 

T. Takatsuka, R. Tamagaki* and H. Frukawa* 
College of Humanities and Social Sciences, 

Iwate University, Morioka 020 
•Department of Physics, Kyoto University , Kyoto 606 

Interesting aspects of nuclear matter at high density, pion condensa
tion and nucleon superfluid, are expected to occur in the neutron star 
interior. Neutron 3P2-superfluid was previously shown to be realized at the density p-(0.7t<2.8)p0 (p„; the nuclear density). 1' Critrical density 
of pion condensation is considered to be slightly larger than p 0 . In this work, we have studied the problem,how the TT° condensation affects 
the neutron 3P2-superfluid state, by adopting the ALS (Alternaing-Layer-Spin) model of neutron system which well describes the IT0 condensed phase 
in the nucleon side. ' 

In the well-developed ALS (fr°-condensed) phase, the pairing correla
tion is operative only when the attractive effect of spin-orbit force 
can be utilized as in P 2. Such a pair is composed of two neutrons with 
the aligned spin (S=l, m^f-l) 1 1) in the Jl-th layer. If we chose the z-
axis along the condensed- T momentum, its free wave function is written 
as 

* •+ (rj_, z, spin) = * r e l ( z ) exp(iqv tL)X s | n (spin), 
where $re-\ (z)=(a/2ir) ' exp(-az2/4) is the relative wave function deduced 
from the one-dimensionally localized wave approximated by the Gaussian 
shape with a width a~'' z and exp(i^i«"ri) is the relative wave function 
of a pair (q\i, -efx) in the two-dimensional (2D) Fermi gas. Since the 
pairing correlation takes place in this space, the 2D partial-wave expan
sion in terms of the Bessel function Jm^tq^rj.) is suitable (m|_ being the 
2D angular momentum equal to the z-component of the three-dimensional . 
orbital one). In this scheme, pair states are specified by A={S=1, m s=(-l) , mi },where m|_ should be odd due to the Pauli principle and have the same 
sign with nt to utilize the spin-orbit attraction. The mL=ms=l (-1) for £=even (odd) is the most important component dominated by the 3 P 2 pairing. The resulting gap equation showing the 2D character of this pairing is 

4J«uJ = 4 C d q - ^ < q i | v x l q i - > A x(qi) / E ( i i ) . 
where E(qi) is the quasi-particle energy and <qJ.|Vi|qj_> the matrix element 
of the effective pairing potential for X={1,1,1} state. 

Numerical calculations carried out at p=(l<3)p0 by making use of a local.realistic potential show Aj.(qj.rK A ( 3P 2 )/3, where A( 3P 2) is the 3 P 2 gap, ' qxp=(4Trpd)''z and we use the ALS parameters (a,d) previously taken. ' 
This means the coexistence of the neutron 3P2-dominant superfluid with . 
the TT° condensation in neutron star matter, confirming the previous result 3' 
by adopting a different choice with respect to theoretical framework and 
two-nucleon potentials. 
1) T. Takatsuka, Prog. Theor. Phys. 48_ (1972) 1517 and the preceding 

papers cited therein. 
2) T. Takatsuka, K. Tamiya, T. Tatsumi and R. Tamagaki, Prog. Theor. 

Phys. 59 (1978) 1933; R. Tamagaki, Nucl. Phys. A328 (1979) 352. 
3) T. Takatsuka and R. Tamagaki, Prog. Theor. Phys. 62 (1979) 1650. 
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Coexistence of Proton Superfluid and it Condensation 
in Neutron Star Matter 

T. Takatsuka and R. Tamagaki* 
College of Humanities and Social Sciences, 

Iwate University, Morioka 020 
•Department of Physics, Kyoto University, Kyoto 606 

It was previously shown that protons in the neutron star interior 
are in the 1 S 0 superfluid because of their small mixture at the density p=(0.7i>2.8) Po-Cf!,, being the nuclear density) where the neutron 3 P 2 super-fluid appears. '' Pion condensation is probably realized at p not far from 
Po. So it is an interesting problem to see whether or not these superfluid 
states can persist when pion condensation takes place. Concerning the 
neutron superfluid, it has been shown that, the 3P z-dominant one can coexist with the well-developed ir° condensation,''.where the neutron system has 
the ALS (Alternating-Layer-Spin) structure. ' Here we report preliminary 
results concerning possible influence of the well-developed IT0 condensation 
on the proton superfluid in the density region P = ( K 3 ) P „ . 

The same viewpoint with the neutron case is adopted, but one important 
difference appears: The proton pairing correlation at low density is 
operative for the spin-singlet (S=0, m s=0) pair composed of two protons in the nearest layers. Therefore, we stiould start with the single-particle 
wave functions of the Bloch basis constructed from the localized waves 
in the z-direction (being the same with the condensed ir" momentum). They 
are specified by (iji., q , t or + ), where 3J_ specifies the momentum in 
the two-dimensional (20) Fermi gas state and q_ the momentum in the first 
(occupied) band |q z|sq z F=j/2d (d beinq the layer distance). The pair 
states are specified'as (q^, q z, +; - \ , -q z, +)S=Q as in the usual BCS pair. Making the Bogoiiubov transformation and an approximation of taking 
the interaction between the nearest layers, we have the energy gap equa
tion as follows. The energy gap function A(qx, q z) is the even function of q z factorized as A(qj_, qz)=A(qi)cosqzd. The gap equation for A(qj_) 
becomes 

q p ^_ 
Atq^) = -(|) (dq^qi <q:IV-|qx> //q' A (qi)cos2qzd/^+A2{q|)cosZq'd . 

Here <q'|Vj[|q > is the effective pairing matrix element for X={S=0, 1115=0, 
mL=0} state composed mainly of X S 0 and S^is the single-particle energy 
difference measured from the 2D Fermi surface, qj.p=(4wpd)1'z. The gap 
function averaged over q z becomes Afq^J/^Z", which is an average of the maximum A(oj.) and 0 for q f=0 and q z=q zp. 

Numerical results by making use of a local realistic potential at 
p*(l>3)p0 show that 6.(q,f)/S2 are smaller than the corresponding lSt gap but still lt-0.1 MeV afcreasing according to the reduction of effec
tive mass, at a typical proton mixing of 5% and for the ALS parameters 
previously taken.*) Thus we can say that the proton superfluid at p=(li<3)p0 survives under the ALS structure (tf°-condensed phase) because the critial 
temperature is still higher than internal temperature of young neutron 
stars (̂  10"K). 
1) T. Takatsuka, Prog. Theor. Phys. 50 (1973) 1754 and 1755. 
2) T. Takatsuka and R. Tamagaki, Prog. Theor. Phys. 62 (1979) 1655; 

T. Takatsuka, R. Tamagaki and H. Frukawa, Contribution Paper to 
this conference. 

3) T. Takatsuka, K. Tamiya, T. Tatsumi and R. Tamagaki, Prog. Theor. 
Phys. 59 (1978) 1933; R. Tamagaki, Nucl. Phys. A328 (1979) 352. 
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N-N TENSOR FORCE EFFECT ON BA IN S-SHELL HYPERNUCLEI 

H. Bando and I . Shimodaya 

Division of Mathematical Physics, Fukui University, Fukui, Japan 910 

Theoretical attempts to explain the observed A-par t ic le separation ener
gy BA in s-shell hypernuclei have encountered an "overbinding d i f f i c u l t y . " 
In the calculation by D-H-Tl), reproduction of B A for ?H, JH and fHe ; 0.13, 
2.04 and 2.39 MeV respectively ; leads to Bj^XHej^S.S MeV in comparison with 
the experimental value 3.12 MeV, with an overbinding of T-2.4 MeV. I t seems 
that l i t t l e attention has been paid to the rea l i t y of the nucleon-nucleon 
interact ion {vtm) which determines the property of nuclear core of A-nuclei. 
The rea l i s t i c N-N interact ion is characterized by a strong tensor force com
ponent, a typical manifestation of which is the repulsive rearrangement 
ef fect on the single par t ic le separation energy. 

In terms of the ef fect ive interaction theory, BA is obtained by diago-
nal iz ing the effect ive Hamiltonian Hf t " i n a chosen model space PA fo r A, 
which is given by a series of diagrams; u n 

e « n A ^ A ^ fci 

me diagram start ing energy « A = - B A is determined by solving the Bloch-
Horowitz equation P A [ H f " ( « A ) - £ A ] P A * A = 0 - By taking only the above 
three terms in Eq.(T). an approximate HeTf i s expressed as 

H f f ^ " V W ^ V - W ^ A N ^ ^ N * ' { 2 ) 

UA^A> = -N W - KN " " V< N N ' \*GmM/*»\W - » '«>, B E | | h i | 1 1 

<U is the famous wound-integral parameter for which the tensor force correla
tion is principally responsible. A simple consideration leads to the follow
ing qualitative features of U§ for J\te(p) and §He : (i) [UA(5He)|>§|UA(p>)|, 
("B) K|i|(jHe) >*K(|(jHe), (iii) Size effect i.e. the ̂ He core is more compact 
than the ̂ He core, (i) and (ii) simply reflect a difference of bond numbers 
and the size effect of (in). Thus Uf(^He)>2UJ(^He, p). A quantitative 
evaluation using the Reid-SC potential for VNN' and the softened D-H-T poten
tial for v A N , together with the model space P A of £0s^3s} states, leads to 
the result in the table. The difference between U| contributions to B A for 
jjHetjH) and jJHe amounts to an order of 1 MeV and is about one half of the 
overbinding magnitude found in previous calculations. 

In conclusion, the rearrangement effect due to the strong N-N tensor 
force correlation is able to resolve a half of the overbinding difficulty of 
B, in s-shell hypernuclei. „ . c 

JteljH) Jta 

BA 

1 . R. H. Dal i tz , R. C. Herndon and Y. C. Tang, Nucl. Phys. B47 (1972) 109 

H.O. basis bw 1.5 1.3 (fin) 
<0slUA|Os> -13.9 -19.9 (MeV) 

<0s|Uj[|0s> 
0.066 0.112 

<0s|Uj[|0s> 0.92 2.23 (MeV) 
r no rearr . 2.8 5.9 

. | with rearr . 2.1 4.2 (MeV) 
Lexp 2.2 3.1 
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SPIN-aRBLiiaiiiCii 0? THE PKinUiiLi.CLUJlCAL ji?ACTIVE AN INTiUiACTION 

K. Shoeb, ^ .N . Usmani and K-Z.it . Khan 

Department of P h y s i c s , A.M.U., Al iga rh-202001 , I n d i a . 

Recent ly , Bouysay ' has analyzed t h e s t r angeness exchange 
r e a c t i o n 0C,TC) d a t a on some p - and s-d s h e l l n u c l e i . Working 
wi th in the s i n g l e - p a r t i c l e s h e l l model and invoking a r e s i d u a l 
sp in-dependent lambda-nucleon (AN) i n t e r a c t i o n of zero r a n g e , h e 
f i n d s t h a t AN force has very weak sp in-dependence . On the con
t r a r y , Bedjidian e t a l ? J i n t h e i r an^Lysis of exc i t ed s t a t e s of 
s - s h e i l hypernuc le i (/|H, /(He) find a s t r ong syin-dependente i n 
AN f o r c e . Recent ly , we had made an a n a l y s i s 3 3 of p - s h e l l h y p e r -
n u c l e i b inding energy (B A ) da ta in the she l l -mode l framework. 
Our p o t e n t i a l was s t r o n g l y s t a t e -and so in -dependen t . In the 
l i g h t of the above remarks we have c a r r i e d out an a n a l y s i s of 
t h e p - s h e l l hypernuc le i B A da ta andAbind ing t o nuc lear ma t t e r t o 
see i f a p o t e n t i a l with low spin-dependence could a l s o f i t t h e 
d a t a . 

The two-body A N . p o t e n t i a l was chosen t o have t h e form 
V i A = ^ [ 1 + / 3 ( o R - 3 A ) J f ( r i A ) , 

where parameter jj i s measure of the decree of spin-dependence. 
The i n t e r a c t i o n pa ramete r in t r i p l e t s t a t e \" = (1-/3)Vj . F o r 
two choices of fbrm f a c t o r f (xu. ) i . e . Skyrme type and gauss ian , 
t h e da t a \ 'ere ana lysed . Thus BA of hypernucleus was expressed 
i n t e rm of four p o t e n t i a l pa ramete rs ; v i z Vs° , Vs' , |3 and a ( = I 2 / 
6 I , ) or ec ( range; depending on whether shape funct ion i s Skyrae 
t y p e o r gaussian form. 

Energy of A - p a r t i c l e i n each hypernucleus was minimized wi th 
r e s p e c t t o s i z e pa ramete r of A - p a r t i c l e wave funct ion taken as a 
s i n g l e gaussian t o s ea rch AN pa rame te r s . Even with as high as 
25j» spin-depsndence t h e c a l c u l a t e d b ind ing ene rg i e s were a good 
way o f f from the expe r imen ta l v a l u e s . A t h r e e body ANN p o t e n t i a l 
of t h e form ^ _» _,_, _. _̂  _ , _ 

T3<rM* > = tf3 ( 0 " ' ' *> ( T £ ' T J ) S ( ? i - ? ^ *<%-%) was added t o the AN f o r c e t o see i f with low spin-dependence i t 
cou ld f i t t h e d a t a . Our r e s u l t s show t h a t f o r dkyrme type i n t e r 
a c t i o n with as lov; as 10$ spin-dependence t h e da ta are f i t t e d . 
No f i t could be found wi th as high as 25% spin-dependence f o r 
t h e gauss ian form. P r e l i n i n a r y r e s u l t s for Yukawa and exponen
t i a l shapes a re a l s o s i m i l a r t o those for the gauss ian . 

1.A3ouyssy Fnys. I a t t . 8J+B (1979) V l . 
2 . M. Bedjidian e t a l . Phys . L e t t . 83B. (1979) 52 
,3- 5 - Mujib, M. 3hoeb, Q.N. Usmani and M.2.R. Khan J . Phys. G: 
: . Nuc l . Phys. 5_ ( 1 979) 5M > and r e f e r ences t h e r e i n . 
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INVESTIGATION OF THE LOW-ENERGY SPECTRUM OF I-HYPERNUCLEI 
M. Dillig 

Institute for Theoretical Physics 
University Erlangen-NUrnberg 

Erlangen, W-Germany 
Recently, with the (K.TI) strangeness-exchange reaction on nuclei at medium 
energies a detailed study of the formation and the properties of j\.-hyper-
nuclei became feasible. In the context of these investigations, first -
through hitherto rather incomplete - results on the production of 1(1193}-
hypernuclei were reported^). Their spectra - if confirmed - reveal various 
interesting features: 
- in corresponding orbits the I-hyperon seems to be slightly less bound than 

the .A. ; 
- as for .A. -hypernuclei the spin-orbit splitting in l-hypernuclei seems to 

be very smal1; 
- the width of the Z (single particle) states, which are unstable against 
IN -*v\-N conversion, is surprisingly small. 

We investigate the I-spectrum for closed shell nuclei in a simple Hartree-
Fock approach, with an elementary IN interaction formulated in terms of one 
and two-boson exchange contributions. Thereby the coupling to theAN absorp
tion channel is incorporated via the (uncorrelated) 2n and rcy exchange, 
which also adds, together with the corresponding correlated two-meson 
exchange contributions (supplemented by to-exchange) to the spin-orbit 
interaction of the I-hyperon (see figure). 

Within this model the 
lowest states of the I-spec-
trum are calculated under 
the assumption that the £ 
nucleonic core remains 
inert. The result 
qualitatively reproduces A 
the features summarized 
above; in particular 
binding corrections and y 
the Pauli-blocking 
reduce the widths of the 
lowest l-states below 
15 MeV; furthermore the spin-orbit 
splitting found for I-hypernuclei is comparable (slightly larger)than for-A. 
hypernuclei (in disagreement with a prediction based on the quark structure 
of the I and .A- hyperon 2)). 
1. B. Mayer - Inv. talk at the Int. Conf. on Hypern. and Low Energy Kaon 

Physics, Jablonna (1979) 
2. H. J. Pirner - Phys. Lett. 85B (1979) 190 

1 >N > i 
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COI'ITIIIUUM SHELL MODEL DESCRIPTION Oi? (K" , JT) REACTIONS 

V.V.Balaahov + , H.T/.Barz, I . R o t t e r , R.'Junsch 

Zentralinstitut fur ICernf orschung Rossendorf, DDR-8051 Dresden 
Measurements of (K",JL") reactions in noncollinear geom-> 

etry are now in progress. We have investigated the ""OCR ,3C") 
reaction at p K= 715 MeV/c ?/ithin the continuum shell model in DY.'IA using the eilconal approximation, V/ith increasing J[~ angle 
the ratio between the recoilles and the quasi-free A pro
duction is diminished as illustrated in the figure. 

q(fnpf') 
M .35 .3 .25 .2 A .375 .35 

The upper part shows the calculated J[~ spectra (full 
lines), their recoilless contributions (dash-dotted lines) and 
the contributions of the A particle continuum (broken lines) . 
for£ir= 0° and 10°. The experimental data are taken from ref. ) 
The lower part gives the relative yields R of the 1p*a (full 
lines) and of the ^s1/2 (broken lines) hole states of the 
residual nucleus '"'O. The upper scale indicates the variation 
of the .transferred momentum as a function of the binding 
energy B^ of the A hyperon. 
1) W. Bruckner et al., Phys. Lett. 79 B (1978) 157 
+ Moscow State University, Moscow 117234, USSR 
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STRANGENESS ANALOG STATE AND wOLECULAfi OBBITAL APPROACH TO ^C 
N.Panchapake san 

Department of Physics & Astrophysics 
University of Delhi.Delhi,India. 

- A _- A 
In K + Z td 71 + AZ reactions the resonances are interpreted as indications of hypernuclel produced in their excited 

or ground states. In a p-shell nucleus a simple replacement of 
a neutron by a A-particle would give rise to an excited hyper-
nuclear state. Such a state has been called a Strangeness 
exchange resonance. They are also ssociated with "Strangeness 
Analog States" consisting of a coherent superposition of states 
obtained by replacing every neutron in the parent nuclear state 
in turn by aA. In shell model, the large energy difference 
between s and p shells (<* 10 Mev in G) makes a coherent super
position untenable. The available data for * 2C and l b O have 
been reasonably well explained *•) in the shell model as a 
nafctron hole in the p-shell along with a A in the p-shell( 
excited state) or in the s-shell (ground state). 

In this work I attempt an explanation of the data in the 
alpha particle nodelfor"C. In this model the alpha particles 
are at the vertices of an equilateral triangle and possess D-j 
symmetry. A nucleon of given spin and isospin at each vertex 
contributes an s-orbital. From the three s-orbitals we can 
form, by talcing suitable linear combinations, molecular orbitals 
which belong to irreducible representation of one and two dim
ensions in the usual manner. ) The one dimensional representa
tion has the lower energy. The excited strangeness resonance 
state corresponds to having a neutron hole and aA in the states 
belonging to the two dimensional representation while the 
ground state corresponds to A. being in the lower state with a 
neutron hole in the upper one. 

In this way the alpha particle model is also able to 
explain the data equally well. This model,in addition, permits 
the idea of Strangeness analog state. As all neutrons are 
equivalent in the equilateral triangle configuration a coherent 
superposition obtained by replacing each one of them in turn 
by aAis quite feasible. 
1. B.Povh, Comments on Nuclear and particle Physics 9(1979) 15 
2. M.Tinkham, Group theory and Quantum mechanics (ncGraw Hill, 

New York,U.S.A. 1964) p 227. 
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STUDIES OF LIGHT HYPERNUCLEI 

M. May, H. Piekarz, R. E. Chrien, 
Y. Xu, R. J. Sutter, and H. Palevsky.t 

L. Pinsky, S. Bart, R. Hackenburg, and E. Hungerford,* 
D. Marlow, F. Takeutchi, P. Pile, N. Collella, 

B. Bassalleck, R. Grace, W. Wharton, and P. Barnes,** 
M. Deutsch, J. Piekarz,*** R. L. Stearns,tt and R. Cesterttt 

t Brookhaven National Laboratory, Upton, NY, 11973 
tt Vassar College, Poughkeepsie, NY, 12601 
ttt University of Torino, Turin, ITALY 

* University of Houston, Houston, TX, 77004 
** Carnegie-Mellon University, Pittsburgh, PA, 15213 

*** Massachusetts Institute of Technology, Cambridge, MA, 02139 

Knowledge of the structure of hypernuclei is still in an incomplete and 
fragmentary state. Up to now targets used to study the (K,it) strangtness-
exchange reaction have been primarily even-even with N=Z. Accordingly we have 
studied the (K,ir) reaction on a series of light targets including " c a n a 18o 
in order to compare adjacent hypernuclei differing by a single neutron or 
proton. 

The experiments were performed using the hypernuclear spectrometer at the 
BNL AGS Low-Energy Separated Beam with kaon momentum of 800 MeV/c.1' The 
resolution is 2.5 MeV FWHM for a 2 g/cm^ target thickness. The spectrometer 
measures the energy difference between the incoming kaon and outgoing pion for 
angles from 0° to 30° 

The reaction K t^Z*^Z+ir is used to populate the hypernuclear states. 
Light systems offer the best opportunity for studying discrete states, since 
as A increases the reaction strength goes increasingly into quasi-free A 
production. 

For targets with non-zero isospin, the hypernuclear states formed in the 
strangeness-exchange reaction can have T=il/2. The two observed states in JBe 
have been interpreted, in the framework of the Sakata SU(3), as representing 
isospin splitting. ' The present data will help to test this interpretation 
for neighboring nuclei with N#Z. Data on P-shell hypernuclei are provided in 
this experiment, and these data will further test the supposedly small value 
for the A-nucleus spin-orbit coupling observed by the Heidelberg-Saclay-
Strasbourg collaborators.^' 

For our study of **C we have fabricated a scintillation counter consist
ing of benzene containing carbon enriched to 99% 1 3 C . The use of a scintilla
tion counter in the target provides a strong background suppression by making 
use of the large signal produced by A hyperon decay in the target. A feasi
bility study of the observation of hypernuclear "y-rays following the strange
ness-exchange reaction has also been carried out usirg a sodium iodide 
detector array. 

Data on the hypernuclear levels and their systematics are currently 
being analyzed and will be presented. 

t Research supported by the U.S. DOE under Contract DE-AC02-76CH00016. 
tt Research supported by the U.S. DOE under Contract EG-77-5-02-4195. 
1) R. E. Chrien et al., Phys. Lett. 89B (1979) 31. 
2) R. H. Dalitz and A. Gal, Phys. Rev. Lett. 36̂  (1976) 362. 
3) W. Bruckner et al., Phys. Lett. ;79B (1978) 157. 
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A- SPIN-ORBIT SPLITTING IN HYPERNUCLEI 
A. Souyssy 

Institut des Sciences Nucleaires - 38028 Grenoble C&dex,France 

Experimental data in pp [li show a clear evidence for two narrow 
peaks well separated by about 6 MeV, the ratio of intensity being about 3. 
In a simple model based on quasi-elastic configurations built on lps/2 ond 
tyl/2 orbitals [2] or using the concept of analogue and supersymmetric sta
tes [3 ] , the diagonalization of the AfiH* energy matrix gives A E the ener^-
gy shift and N the ratio of intensity of the peaks.Both quantities are func
tions of bX, = - L (t, - z ) , a parameter related to the spin-orbit depths of 
the h-particle 6and the neutron (known to be about IB MeV),and of the AW 
matrix elements. The latter are calculated with a h-N residual interaction 
chosen of the form 

where P 
v = - v^3" .exp I • VJ.o-, e+E Px)(l + a .a. <V 

- j . i s the space-exchange operator.The range ]xof the interaction, the 
spaae-exchange parameter e and the spin-spin dependence a are completely free 
parameters. The strength V0 is related.to the h-nucleus central potential 
depth and is chosen as V0 = 260 MeV fm . The single-particle^ Wave functions 
for the h-particle and the neutron are assumed to be those given by harmonic 
oscillator potentials, with b. and bn as harmonic oscillator parameters (see 
ref [2j). A 

Assuming quite restrictive conditions for the experimental values of 
AS and N (b£ = 6 ±0.5 MeV and N = 3 ±0.5) the comparison of the model cal
culation with the data gives results 
as shown in fig. I by shaded areas. The 
case z = 0.25 hasbeen taken as a ty
pical example.The quantity x is a di-
mensionless parameter related to the 
range of the interaction by 
x = v(b% + bp~1/S. 

TvJr kinds of solutions are ob
tained : either a large spin-spin 
dependence associated vrith AC = -6 We V 
and corresponding to Cv~ 2 £ , or a 
small spin-spin dependence associated % 0-12 
with tX, = 6 MeV (and therefore Z^O),* 
corresponding to the two different 

interpretations already known [2, 3] , 
For a value x ~ 0.36 which corres
ponds to a range V = 1.04 fm associa
ted with a two-pion exchange, the spin 

0 4 8 -

036 -

£ 0 2 4 

0 0.2 0.4 0-6 08 
5pm-Spin dependence 

rA= dependence is a = - 0.15 for K = 0 or a = +0.60 for K = 2 X, . The second 
solution seems to be excluded by the knowledge of light hypernuclei and A-p 
elastic scattering £4 J , although we are working here with an effective inter 
action and not with the bare one which is believed to he stronger in singlet 
state than in triplet one. 

As a conclusion the result obtained here with a more refined A-ff in
teraction confirms that the A- particle in a nucleus behaves as a "spinless 
neutron" (72 3 -

[l] W. Brttckner et al. Phys.Lett. 79B_ (1978)157. f2j A.Bouyssy Phys.Lett.in 
the press . l~3] A. Gal Banff Conference (1978) . fal S.B. Dalits et al. 
Nucl. Phys. B47 (1972) 109. 

146 



BETA DECAY OF H 1 • * ' * * ° C 1 

A.Huck, G.Klotz, A.Knipper, C.Miehe, G.Walter 
Centre de Recherches Nucleaires 
67037 Strasbourg Cedex France 

T.Bjbrnstad, H.Ravn, C.Richard-Serre 
The ISOLDE collaboration CERN, Geneva, Switzerland 

The heavy chlorine isotopes up to A = 43 have been produced 
by fragmentation of an uranium carbide target with 600 HeV protons 
from the CERN synchrocyclotron. Mass analysis was performed with 
the ISOLDE isotope separator and se lec t i v i t y fo r extracting halo
gens was obtained by the use of a negative ion source developed by 
Ravn et Vosick i l ) . The radioact iv i ty of 41,42,43d has been 
investigated by B mult iscal ing, y-multispectrum analysis. B-y 
and Y-Y coincidence measurements. The decay of 42ci and 43C1 is 
reported for the f i r s t t ime. 

For Cl(Tj/2 = 38.4 ^ 0.8 s) the strong B feeding of the 
l / 2 + state at 1.87 MeV, reported by Gurach et a l . 2 ) , has been 
confirmed. Furthermore, B branches to levels at 1.57, 2.36, 3.30, 
3.57 and 3.92 MeV have been established. Most o f these levels were 
not populated in previous (d.p) s t u d i e s " . 

The *ZC1 decay (T1/2 = 6.85 +_ 0.25 s) proceeds to hitherto 
unreported levels i n 42ft r a t 4.04, 4.42, 4.61 and 4.93 MeV. 
Assuming a negative par i ty for the 42ci ground state and on the 
basis of the log f t values, the same par i ty may be inferred for 
the levels at 4.04 and 4.42 MeV. In th i s energy region y=(2-5)~ 
states result ing from the L"(d3/2)~^(f7/2) 5] j T=3 configuration 
are expected. * 

The rad ioact iv i ty of Cl(T_/2 = 3.33 + 0.16 s) feeds pre
dominantly a level a t 1.79 MeV through an aTlowed transi t ion 
( log f t - 5.2). In addit ion weaker B branches to levels at 
1.38, 1.44, 2.34, 2.39 and 4.25 MeV were observed. None of these 
states i s reported i n a previous (ot,9Be) s tudy 4 ) . The 1.79 MeV 
level (ir = +) which decays to the 43Ar ground state by a cascade 
(1032 + 762 keV) has almost the same exci tat ion energy as the 
1/2+ level in 4lAr (E x = 1.87 MeV) strongly populated by the 
B decay of 41ci . 

1 . H.L.Ravn and B.Vosicki - to be published 
2. Kh. Gurach, A.P.Kabachenko, I.V.Kuznetsov and N.I.Tarantin, 

Sov.J.Nucl.Phys.19 (1974)596 
3. E.Kashy, A.M.Hoogenboom and U.W.Buechner, Phys.Rev.124 (1961)1917 

C.H.Holbrow, P.V.Hewka, J.Wiza and R.Middelton, 
Nucl. Phys.79 (1966) 505 

4 . N.A.Jelley, K.H.Wilcox, R.B.Weiseraniller, G.J.wozniak and 
Joseph Cerny, Phys.Rev.C9_ (1974) 2067 
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THE DECAY OF Hn: FIRST RESULTS FROM THE CHALK RIVER 
ON-LINE ISOTOPE SEPARATOR 

E. Hagberg, J.C. Hardy, H. Schmeing, W. Perry.^J. Wills, E.T.H. Clifford, 
V. Koslowsky, I.S. Towner, J. Camp Ian1, B. Rosenbaunr", 

R. Ki rchner^ and H. Evans* 

Atomic Energy of Canada Limited 
Chalk River Nuclear Laboratories 

CHALK RIVER, Ontario, Canada KOJ 1J0 

The new Chalk River on-line isotope separator has been used to study 
the decay of neutron-deficient manganese isotopes. The activities were pro
duced by bombarding a 2 mg/cm^ target of natural magnesium with 95 HeV 2osi 
ions from the Chalk River upgraded MP tandem. Reaction products recoiled 
from the target directly into a FEBIAD ion source, from which a 40 keV beam 
of ions was extracted into the isotope separator. Ions of a selected mass 
passed through a narrow slit on the separator image plane and thence through 
an electrostatic deflector and two quadrupole doublets into a shielded col
lection chamber. The mass-separated activities were collected on the tape 
of a small tape transport system and their decays studied with a Ge(Li) 
detector. ^ 

VJe wish to report here the first characterization of the decay of Mn. 
The half-life of this nuclide, obtained from sequential measurements of the 
annihilation radiation, was determined 
to be 38*» ± 17 ms. The major B-decay 
branch of '•SMn (J^.T = 5/2", 1/2) is the 
superallowed branch to its mirror, the 
5/2" ground state of -̂'Cr, A weaker, 
(6.A ± 2.6%) allowed branch was found to 
populate the 7/2" state at 272 keV in 
I'9Cr. The log ft values for the super-
allowed and the allowed branches were 
determined to be 3.67 ± 0.02 and <t.76 ± 
0.20 respectively. The deduced Gamow-
Teller matrix elements agree very well 
with shell model calculations that em- 272.3 
ploy a modified Kuo-Brown interaction. 

f Laboratoire Rene Bernas, CNSM Orsay, 
France 
G.S.I., Darmstadt, Germany 
Queen's University, Kingston, Ontario, Canada 
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BETA DECAY OF 2 1 0 

D.E. Alburger, C.J. Lister, and J.W. Olness 

Brookhaven National Laboratory 
Upton, New York 11973 

Radioactive products from the bombardment of a 2-mg/cm2 thick Be foil 
with 80-110 MeV 1 8 0 ions at beam currents of up to 50 particle namp from the 
MP Tandem Van de Graaff were studied by using a helium gas transfer system. 
After the recoils were stopped in a glass target cell 13 cm long at a He 
pressure of -1.5 atm. the activities were swept through a 1.6-mm i.d. plastic 
capillary to the counting area. Removal of non-gaseous products was accom
plished by flowing the gas through a unit containing three pieces of 0.8-
micron pore size 0.15-iran thick standard biological filter paper. This nearly 
eliminated 2 1 tNa whose 2754-keV y ray and consequent 1732-keV double-escape 
peak has been the chief background problem in various, jearches for 2 1 0 at BNL 
since 1972. The gas then passed through a heated stainless-steel tube for 
removal of fluorine activities. A thin cell filled with silica gel there
after collected the oxygen activities for study of the y and B rays in Ge(Li) 
and plastic detectors. For half-life determinations the gas flew was period
ically interrupted by solenoid valves and the decay of y-ray lines in the 
spectrum was measured. In addition to the strong y rays from 1 9 0 decay and 
weaker 2 0 O y rays, a line of 1730.4 ± 0.2 keV was observed to decay with a 
half-life of 4 ± 1 sec and to be in coincidence with B rays of E = 6.7 ± 
0.7 MeV. (All results are preliminary). 

Independent measurements were made of the energy of the J = 3/2 1730-
keV third excited state of 2 1 F by a new study of the 1 9F(t,p) 2 1F reaction us
ing a 3.5-MV Van de Graaff. An energy value of 1729.8 ± 0.4 keV was obtained 
for this state. 

The 1730.4-keV y ray in the Tandem experiment is assigned to the B decay 
of 2 1 0 formed in the reaction 9Be( 1 B0,2po) 2 10. The branch to the 1730-keV 
state of 2 1 F is consistent with the expected assignment of J = 5/2 to 2 1 0 
and the measured half-life compares with theoretical estimates of 1.2 sec by 
Lanford and Wildenthal ' and 3 sec by Millener^' based on the mass excess of 
8.126 ± 0.051 MeV 3) for 2 1 0 from measurements by Ball et al*> and by Naulin 
et al^'. An observed increase in 2*0 yield with increasing 1 8 0 beam energy 
from 80 to 110 MeV is in agreement with expectations based on fusion-
evaporation calculations. 

Preliminary evidence suggests other B-ray branches in 2 1 0 decay but the 
results will depend on measurements in progress. We are indebted to Cary N. 
Davids for suggesting the filtering scheme. This research was supported by 
the Division of Basic Energy Sciences, Department of Energy, under contract 
No. DE-AC02-76CH00016. 

1) W.A. Lanford and B.H. Wildenthal, Phys. Rev. C ]_, (1973) 668 
2) D.J. Millener, private communication 
3) Weighted mean of the results quoted in references 4) and 5) 
4) G.C. Ball, W.G. Davies, J.S. Forster, H.R. Andrews, and D. Horn, Nucl 

Phys. A325, (1979) 305 
5) F. Naulin, C. Detraz, M. Bernas, E. Kashy, M. Langevin, F. Pougheon, and 

P. Roussel, Phys. Rev. C 17, (1978) 830 
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THE DECAY OF MASS-SEPARATED ^Ag 8' 1" 

M. Buyse, K. Cornells, G. Lhersonneau, J. Verplancke, W.B. Walters 

LISOL, Instituut voor Kern- en Stralingsfysika, 
Celestijnenlaan 200 D, B-3030 Leuven, Belgium 

The decay of hitherto unidentified 15 ± 2s " A g m and improperly identify!? 
99. m _ Ag r ~ — - . , 

fied 124 ± 3s"Ag8 nuclides have been investigated with the Leuven Isotope 
Separator On Line facility'). Sources were produced by the 9 2Mo (14N,2p5n) 
and 90z r (14N,5n) reactions. Positron-, conversion electron-, x- and y-ray 
singles spectra together with y~Y coincidences measurements have been perfor
med on mass-separated samples. 

The 1/2 isomeric level in Ag decays with a 163.6 keV I.T to a 7/2 + 

level at 3A2.6 keV. The smooth trend of decreasing transition probability of 
the isomeric transition in the odd Ag nuclei with decreasing neutron number 
is interrupted in "Ag : the hindrance factor with respect to the Moszkowski 
single-particle estimate jumps from 68 in 1 0 1 A g to 236 in ^Ag. 

In the proposed level scheme of 9 9Pd, 92 % of the T-intensity, observed 
in the 8 /EC decay of the "Ag groundstate, has been placed. We confirm the 
in-beam observations *) 0 f a decoupled band, built on the 7/2+ at 264.6 keV. 
A possible candidate for the first excited state of a similar band, built on 
the 5/2 + groundstate, is the 9/2+ state at r.5.6 keV. 

11 LLL11 WW \~-z-mo*z 

Present address : University of Maryland, College Park, Maryland, 20742, USA 
1) G. Dumont, H. Pattyn, M. Huyse, G. Lhersonneau, J. Van Klinken, J. De Raedt, 

D.L. Sastry, Nucl. Instr. Meth. J53_ (1978), 81 
2) J.S. Kim, Y.K.Lee, K.A. Hardy, P.C. Simras, J.A. Grau, G.J. Smith, 

F.A. Rickey, Phys. Rev. C12 (1975), 499 
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DETECTION OF NEW NUCLIDES WITH Z=20-26 IN DAMPED COLLISIONS 

K.K. Kwiatkowski, H. Breuer, A.C. Mignerey and V.E. Viola 
University of Maryland, College Park, MD 20742 

K.L. Wolf and E.G. Glagola 
Argonne National Laboratory, Argonne, IL 60439 

J.R. Birkelund, D. Hilscher, J.E. Huizenga, W.U. Schroder and W.W. Wilcke 
University of Rochester, Rochester, NY 14627 

Studies of mass and charge distributions of products formed in damped 
heavy-ion collisions have demonstrated that the driving force which governs 
the nucleon-exchange process is strongly \ar\ 
influenced by the N/Z ratio of the inter
mediate complex^. Consequently, in reac
tions between highly mass asymmetric pro
jectile-target combinations, the N/Z ratio 
of the lighter reactant is enhanced, thus 
providing useful means of synthesizing new 
nuclides2. 

In studies of the 2 0 9 B i + 56p e a n tj 400 " 238u + 5 6 F e reactions at the LBL Super-
HILAC, evidence has been obtained for new 
isotopes of the elements Ca through Fe. 
Self-supporting targets of 2 0 9 B i and 2 3 8 u 
were bombarded with 8.3 HeV/u 5 6 F e ions 
and the reaction products were detected 
with a AE-E time of flight detector tele
scope . This system yielded a resolution 
(FWHM) of less than 0.7 A units and 0.8 Z 5 0 A 6 0 
units for A>60 over an energy-loss range of 20-200 MeV. Fig. 1 shows repre
sentative mass spectra for Cr and Fe isotopes observed with this system; 
arrows indicate positions of previously unobserved nuclei. In order to mini
mize the possible contamination of the spectra from masses with Z±l, a gate 
of ±0.3 Z units about the charge centroid was used in deriving the mass spec
tra for each Z. The absence of effects due to slit-scattered Fe ions in 
the A=56 peaks of the Hn and Co spectra and calculations based on the spectral 
shapes of the Z peaks confirm that contamination from other Z-values is less 
than 5 percent. 

Nuclide Counts o(mb) Nuclide Counts o(mb) Nuclide Counts o(mb) 
(51Ca, 9 0.3 ( 5 5Ti, 31 1 58„ Cr 106 3 
5 2 = 
53f 
Tl 

47 2 < 5 6 ™ 
( 5 7v) 

25 0.7 

S 
( Fe) 

38 1 5 2 = 
53f 
Tl 

23 0.8 < 5 6 ™ 
( 5 7v) 

139 4 S 
( Fe) 

20 0.7 
5 2 = 
53f 
Tl 106 3 

< 5 6 ™ 
( 5 7v) 49 2 S 

( Fe) 
14 0.4 S 

( Fe) 8 0.3 
In Table I the new nuclides observed in these studies are listed along 

with the total number of events recorded and the approximate cross section 
for each. The criteria for identification were (1) number of observed counts 
N>10 and (2) spectral clarity. Parentheses indicate tentative assignments. 
* 
Research supported by the US Department of Energy. 
1. H. Breuer, et̂  a^, Phys. Rev. Lett. 43_, 191 (1979). 
2. P. Auger, et_ al_, Z. Phys. A289, 255 (1979). 
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NEW RESULTS ON l 8 5 A u REVEALED BY DETECTION OF 
LOW-ENERGY ELECTRONS 

C. Bourgeois, M. G. Desthuilliers-Porquet, P . Kilcher, J. Sauvage-Letessier, 
B.Roussieres, C. Schtlck, C. Abreu + , V. Berg.K. Fransson"1"1", J. Oms 

and the ISOCELE Collaboration 

IPN et CSNSM, F-9140 6 ORSAY CEDEX 

We have managed to build a level scheme including most of the numerous 
lines of the low lying states of 185AU from the radioactive decay of l*"Hg 
(tj/2 < 60 s. ) produced with the on-line separator ISOCELE II at Orsay. (On 
the figure, transitions placed twice are noted de , levels also populated by 
(Hl.xny) reactions are noted o). The low energy spectrum has been recorded 
with a 2°^„ resolution semi-circular spectrograph : The M2 23,6keV tran
sition enabled us to locate the positive parity low-spin levels with respect to 
the ground state. The 8,9keV level has been deduced from comcidence data 
(v-v a n d X-y). The electron spectrum obtained with a Gerholm type spec
trometer with 10 kV preacceleration seems to be in rather good agreement 
with the existence of a 8,9 keV transition. Moreover the two 107. 4 and 
107. 8 keV transitions can be clearly seen from the spectrograph data. Such 
measurements are very useful to locate the low-lying excited states and also 
to give an evidence of low-spin states which are not populated via (HI, xny) 
reactions 1). Detailed calculations using the quasi particule + rotor model 
are in progress in order to obtain a full representation of all these states. 

+ Centro Fisica Nuclear, Lisboa-Portugal 
++ Institute of Physics, University of Stockholm, Sweden 
1. M.G. Desthuilliers et al. , Nucl. Phys. A313(1979) 221. 
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DECAY OF 3 6Ca: COMPLETION OF THE MASS 36 ISOSPIN QUINTETt 
Joseph Cerny, J. Aysto,1"'' M. Cable, R. Parry and J. Wouters 
Department of Chemistry and Lawrence Berkeley Laboratory 

University of California 
Berkeley, CA 94720 

Development of the on-line mass analysis system RAMA at 
the LBL 88-inch Cyclotron has led previously to the 
observation1) of two new g+-delayed proton emitters, 2 0Mg 
and 2 4Si. The decays of such 0+, Tz=-2 nuclides populate the 0+, T=2 states in their Tz=-1 daughters, frequently permitting completion of isospin quintets and providing 
sensitive tests of the isobaric multiplet mass equation (IMME). 

We have recently utilized RAMA (an acronym for recoil atom 
mass analyzer) to search for the decay of 36ca, which would 
complete the heaviest isospin quintet possible with established 
techniques and stable targets. RAMA employs a helium jet to 
transport activity via skimmers to a hollow cathode ion 
source. Activity is extracted, mass-separated and then 
deposited on a thin carbon foil in the analyzer focal plane. 
Emitted protons following 3 6Ca decay were detected using a 
semiconductor counter telescope. Monitoring of the overall 
operation of RAMA was accomplished by concomitantly observing 
the yield of B+-delayed protons from the well-known nuclide 
37ca, which was produced in much greater abundance. 

The 4°Ca(3He,a3n) reaction on natural calcium targets 
at 95 MeV was used to produce 36Ca. Observation of yLOO msec 
36ca was difficult due to its low yield (<lyb for the 
observed decay mode) and to possible interference from the 
weak B+-delayed proton decay of 3<>K. Fortunately, a recent 
detailed study by Eskola et al.2' of the S+-delayed proton 
(and alpha) decay of the latter was available. We were able to 
duplicate their results for the decay of 3 6 K in the proton-
energy region of interest and then, by elimination, to observe 
a new proton group at 2519+21 keV which we attribute to the 
8+-decay of 3 6Ca to the 0+, T=2 level in 3 6K, followed by 
proton emission to the ground state of 3 5Ar. The mass-excess 
of this lowest T=2 state in 3 6K is -13168+22 keV. 

Currently available results on isospin quintets provide 
tests of the IMME for seven isobars in which at least four 
members of the quintet are known and for four complete 
quintets. In heavier masses, good overall agreement with the 
predictions of the simple quadratic IMME is observed, as is 
also the case for the mass 36 quintet. Sufficient data are now 
available to permit systematic studies of the IMME in both its 
first-order and second-order forms, as has been done previously 
with the considerable data on complete isospin quartets. 
trhis work was supported by the Nuclear Physics and Nuclear 
Sciences Divisions of the U.S. Department of Energy. 
ttPresent address: University of Jyvaskyla, Finland. 
1. J. Aysto, et al., Phys. Lett. 82B (1979) 43. 
2. K. Eskola, et al.. University of Helsinki, Dept. of Physics, 

Report HU-P-177; to appear in Nucl. Phys. 
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KAON PHOTOPRODOCTION ON 1 2 C * 
T. W. Donnelly and G. N. Epstein 
Center for Theoretical Physics 

Laboratory for Nuclear Science and Department of Physics 
Massachusetts Institute of Technology 

Cambridge, Massachusetts 02139 
This is the first of a series of studies of kaon photo-

production off nuclear targets. Our primary interest in such 
reactions is that they promise to be an exciting new probe of 
both A and Z hypernuclei. It is of vital importance to esti
mate the size of the cross-sections to guide experiment, in
cluding the design of future electron accelerators. We cal
culate using a fairly straightforward approach. There are 
three main pieces in the analysis: the (y, K°) operator, the 
kaon nucleus interaction and the structure of the hypernuclear 
states. We employ a realistic model to describe (y, K) on a 
nucleon. The K° nucleus interaction is well understood and is 
easily included using distorted waves. The hypernucleus is 
described in a shell model framework. We have calculated 

+ 12 
{y, K°) differential cross-sections on C for a variety of 
different possible hypernuclear final states. We use our 
results to compare and contrast the exploration of hyper-

* - ± 
nuclear states by (y, K*) with that by (K , ir ). * This work was supported in part through funds provided by the 
U.S. Department of Energy (DOE) under contract DE-AC02-76ERO-3069. 
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800 MeV PROTON INELASTIC SCATTERING TO THE 1 2 C 15.11 MeV STATE. 
AT LARGE MOMENTUM TRANSFER: A SEARCH FOR CRITICAL OPALESCENCE 

C. Glashausser1, M. Haji-Saeid2, G. Igo 2, J. McClelland2, 
J. Moss 3, W. Cornelius3, M. Gazzaly", F. Irom2, G. Pauletta2, 

H. A. Thiessen3, and C. A. Khltten2 

1 Rutgers University, New Brunswick, New Jersey 
2University of California, Los Angeles, California 
3Los Alamos Scientific Laboratory, Los Alamos, New Mexico 
''University of Minnesota, Minneapolis, Minnesota 

The differential cross section for the l zC(p,p') 1 2C (15.11 MeV, 1 , T=l) 
reaction has been measured at 800 MeV with the High Resolution Spectrometer 
at LAMPF. The range of the angular distribution (6° to 17° LAB) corresponds 
to momentum transfers of 0.7 to 2.2 fm"1 and includes the secondary maximum 
observed in the electron scattering form factor.1' Several authors have 
recently suggested that an enhanced (e,e') 2> or (p,p') *' cross section at 
this maximum may be interpreted as evidence for critical opalescence, or pre-
critical pion condensation. 

An inelastic spectrum taken at 14°, the angle of the maximum predicted 
in Ref. 4, is shown in Fig. 1. The 15.11 MeV state is only weakly excited; 
the cross section is comparable to that for the 12.71 MeV, 1 , T=0 state 
which is not expected to be enhanced. Preliminary absolute values of the 
cross section are below even the pure shell model predictions of Ref. 4. 
However, the two-nucleon potential used there is admittedly uncertain. Thus, 
while the present results are very suggestive, only when the potential param
eters have been fixed by precise two-nucleon data can these results be inter
preted as definitive evidence against critical opalescence. 

Fig. 1. Spectrum of 
1 2 C at 14°. The two 
narrow states of 
interest are identi
fied. They lie on a 
background of strong 
and broad natural 
parity excitations. 

" T - ' ' T 1 T ' • 
We are very grateful to M. Ericson and W. Welse for helpful correspond

ence. 
t This work was supported in part by the TJ. 3. Department of Energy and the 

National Science Foundation. 
1) J. Flanz et al., Phys. Rev. Lett. 43 (1979) 1922. 
2) J. Delorme, M. Ericson, A. Figureau, and N. Giraud, Phys. Lett. 89B 

(1980) 327; see also M. Ericson, Proc. 8th Int. Conf. on High Energy 
Physics and Nuclear Structure, Vancouver, 1979. 

3) H. Toki and W. Weise, Phys. Rev. Lett. 42̂  (1979) 1034. 
4) H. Toki and W. Weise, preprint, February 1980. 
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209 . 56 * 
PRODUCTION OF ACTINIDE ELEMENTS IN THE Bl + Fe REACTION 

V. E. Viola, H. Breuer, and A. C. Mignerey 
University of Maryland, College Park, HD 20742 

K. L. Wolf and B. G. Glagola 
Argonne National Laboratory, Argonne, IL 60439 

W.w. wilcke, W.U. Schro'der, J.R. Huizenga, D. Hilscher , and J.R. Birkelund 
University of Rochester, Rochester, NY 14627 

In counter studies of strongly-damped collisions between 2 0 9 B i and 5 6Fe 
ions, the nucleon diffusion process has been shown to yield a net transfer 
of both charge and mass from the projectile to the target.1) Of related 
interest, Oganessian, et al.,2) have used similar reactions in the identifi
cation of new elements with Z = 104-107, all reported to be spontaneous 
fission (SF) activities. The possibility that the results of Ref. 2 can be 
explained at least in part by the formation of known SF activities in 
damped collisions is examined here. 

The measurements involved bombardment of a self-supporting 2 0 9 B i target 
of thickness 500 ug/cm2 with 464-MeV 5 6Fe ions from the LBL SuperHILAC. 
Projectile-like fragments were identified with a AE-E time-of-flight detector 
system which permitted discrete Z and A values to be determined; primary 
fragment yields were derived assuming E J / E H = A T / A H . Heavy fragment yields 
were then deduced from these values and the criterion that the damped col
lision process is binary in nature; i.e., Z H = 109-Z L and A H=265-A L. 

The resultant heavy fragment primary yields indicate significant pro
duction of actinide elements in these reactions, ranging from 60 mb for 
Z = 90 to 4 mb for Z = 100. The Z = 104-107 SF activities reported in Ref. 2 
fall into two groups of half-lives, (1) 1-10 msec, and (2) about 1 sec. 
Formation cross sections were of the order of 0.1 nanobarn. 

240f 242f . 244f 234„^ 236„ c 238„. 2 4 2 ^ 2 4 4 ^ 246_ Nuclide Am Am Am Cf Cf Cf Fm Fm Fm 
0.9 ms 14 ms 1ms ^ ^ £ " 0.8 ms 3 ms 1.2 s 

Primary 5 . 4 4 5 5 5 5 
Yield (nb) 2x10 2x10 500 300 1x10 1x10 2x10 6x10 6x10 
Final 
Yield (nb) 30 a 2 0 a 5 a 0.02 0.1 0.3 0.05 0.1 0.05 

a) Uncorrected for branching ratio to ground state. 

Table I lists possible competing activities in the Z = 90-100 region, their 
half-lives, and calculated cross sections for both primary and final frag
ments. (The Cf half-lives were estimated from empirical systematics). 
Although the primary yields are seen to be strongly depleted by fission com
petition, calculated final cross sections are found to be of the order of 
0.1 nb, comparable to those of Ref. 2. 

These results suggest that the SF activities observed in similar re
actions2) may be due at least in part to SF decay of known actinide elements 
and argue for a more unique atomic number identification of the products 
assigned to Z = 104-107. 
* Research supported by U. S. Department of Energy. 
1. H. Dreuer, et al., Phys. Rev. Lett. 43_ (1979) 191. 
2. Yu. Ts. Oganessian, et al^., Nucl. Phys. A239 (1975) 157; A273 (1976) 505. 
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THE SYNTHESIS OF NEUTRON RICH NUCLIDES WITH HEAVY ION BEAMS : OBSERVATION OF 
5 " T i , 5 6 V , 5 8 C r , 5 9 C r , 6 I M n , 6 3 F e , 6 * F e IN THE 8.5 MeV/u ' " > Ar+ 2 3 8 U INTERACTION. 

D.Guerreau, J.Gal i n , B.Gatty, X.Tarrago, 

I n s t i t u t de Physique Nucleaire, BP n ° l , 91406 Orsay, France 

J.Girard, R.Lucas and C.Ngo 

DPHN/MF, CEA Saclay, BP n°2, 91190 Gif-sur-Yvette, France 

Two strategies are now considered in the search fo r new neutron r ich nu
clides with heavy ions beams. 

At very high bombarding energies (200 MeV/u), the reaction products l a 
belled as spectators in the f i r e bal l model exhib i t , for a given element, a 
broad isotopic distr ibut ion extending far o f f the beta s t a b i l i t y l i ne . Thus, 
the choice of an already neutron r i ch project i le such as l*aCa has recently a l 
lowed the formation of new neutron r ich nuclides for elements below the projec
t i l e 1 ) . At high energy, the neutron richness of the pro jec t i le seems to be the 
most important parameter insuring the success of these synthesis (the target 
nucleus playing the role of a chopper). 

At energies close to the interact ion barr ier, in the so-called deep ine
las t i c co l l is ions the reaction mechanism is quite d i f fe ren t . I t has been shown 
that the isospin degree of freedom reaches equilibrium very rapidly in the com
posite system 4). Thus, one can take advantage of a target with a large N/Z in 
order to enrich with neutrons the interact ing project i le or p ro jec t i le - l i ke nu
cleus. The bombarding energy must be carefully chosen in order to optimize the 
result of two counteracting effects : the production of the primary products 
and the i r deexcitation. Fig.1 shows some of the isotopic distr ibut ions where 
the seven nuclides 5 " T i , 5 6 V , 5 8 C r , 5 9 C r , 6 1 M n , 6 3 F e , 6 " F e were f i r s t observed in 
the 340 MeV *°Ar+ 2 3 8 U. 

Furthermore, the influence of bombarding energy, and interaction time 
were investigated by comparing the isotopic distr ibut ions at di f ferent angles 
for 265 MeV and 340 MeV Ar beams. 

r 

' ) T.J.Symons, Proceedings of the symposium on heavy ion physics from 10 to 200 
MeV/AMU, Brookhaven (1979) ed. J.Barrette and P.D.Bond NBL 5115 vol.2 p.273 

2 ) T.H.Chiang, D.Guerreau, P.Auger, J.Gal in, B.Gatty, X.Tarrago and J.Girard, 
Phys. Rev. C 20-4 (1979) 1408. 
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PRODUCTION OF NEW, NEUTRON-RICH ISOTOPES 
IN 210 MeV/A " 8Ca + Be COLLISIONS1' 

J .D. Stevenson and P.B. Price" 

Department of Physics 
University of Ca l i forn ia 

Berkeley, Ca l i forn ia 9V720 

Fragmentation of r e l a t i v i s t i c nuclei has proven to be a powerful new 
technique 1) for production of very neutron-rich nuclei . The fragments are 
typical ly emitted wi th in about 1° of the or ig ina l beam direct ion and very 
close to the beam v e l o c i t y . By running th is "beam" of pro ject i le fragments 
through a magnetic spectrometer, rare neutron-rich isotopes may be isolated 
and analyzed. 

Using the zero-degree spectrometer at the LBL Bevalac, we have measured 
cross sections for the production of extremely neutron-rich isotopes of C, N, 
0 , F and Ne is project i le- fragmentat ion reactions of 210 HeV/A l , 8 Ca + Be. 
Fragments transmitted through the spectrometer are brought to rest in a large 
stack of Lexan detectors. Charge, mass and energy are determined from the 
track etch rate , magnetic deflection and range. Preliminary results indicate 
that at least one new isotope, 2 0 C , has been found and many other isotopes 
reported in re f . 1 have been confirmed. Final results on possible new 
isotopes and production cross sections w i l l be reported. 
.t. 

'This work was supported by the Nuclear Science Division of the U.S. 
^Department of Energy. 
"Also Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley 
Cal i fornia 9^720 

1 . G.D. West fa l l , T .J .M. Symons, D.E. Greiner, H.H. Heckman, P .J . Lindstrom, 
J . Hahoney, A.C. Shotter, D.K. Scott, H .J . Crawford, C. HcParland, 
T.C. Awes, C.K. Gelbke and J.H. Kidd, Phys. Rev. Le t t . j l3 , (1979) 1859. 
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OFF-SHELL EFFECTS IN KAON-NUCLEUS SCATTERING 

Stephen R. Cotanch 

Department of Physics 
North Carolina State University 
Raleigh, North Carolina 27650 

The importance of the off-energy-ahell fcaon-nucleon (KN) inter
action in kaon-nucleus elastic scattering is investigated. Paralleling 
previous pion studies*), different prescriptions (models) for the KN 
off-shell behavior are calculated and compared for K - C elastic 
scattering: 1) Kisslinger; 2) local Laplacian; 3) non-local, separable 
representation from inverse scattering theory. To fully assess the 
off—shell effects calculations will be performed at several energies 
fur different sets of KN amplitudes which reproduce empirical KN 
scattering cross sections. 

'Supported in part by the U. S. Department of Energy 

1. R. H. Landai: and F. Tabakin, Nucl. Phys. A231 (1974) 445. 
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K-NUCLEUS SCATTERING AND THE DYNAMICS OF THE A (1520) 
Geoffrey N. Epstein, E. J..Moniz 

and Brian D. Serot 
Center for Theoretical Physics 

Laboratory for Nuclear Science and Department of Physics 
Massachusetts Institute of Technology 

Cambridge, Massachusetts 02139 
The nuclear interactions of hadron resonances can be 

studied in meson-nucleus scattering. Most attention has center
ed on the lowest irN resonance, the A (1232), which has a free-
space width of 120 MeV, and theoretical analysis has developed 
to the stage where quantitative information has been extracted 
from Tr-nucleus data. The lowest KN resonance is the A(1520) 
which has a width of 16 MeV, by far the smallest of all TTN or 
KN resonances. Because the width of the resonance sets the 
scale of sensitivity to the nuclear dynamics, A(1520) formation 
and propagation are governed by the interplay between hadronic 
and nuclear degrees of freedom. 

To analyze the physics of the A(1520) in the nucleus, we 
use a microscopic isobar-hole approach. Both the D-wave nature 
of the resonance and coupling to the inelastic TT£ channel are 
included. The parameters of the model are determined by fitting 
K p scattering data, and the model includes binding and Pauli 
modifications in the nucleus. Non-resonant KN scattering is in
cluded in a first-order optical potential._ 

We have used the model to calculate K -''He scattering and 
investigate the role of a collective "doorway" state. The ir£ 
channel is of particular importance in providing a me'chanism for 
true K absorption on a single nucleon. 
This work supported in part through funds provided by the U. S. 

+,Department of Energy under contract DE-AC02-76ERO3069. Dr. Chaim Weizmann Postdoctoral Fellow. 
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YQ (1405) DYNAMICS IN KAONIC ATOMS 
M. Dillig and D. Zieminska* 

Institute for Theoretical Physics 
University Erlangen-Nurnberg 

Erlangen, W-Germany 
* 

It is well understood that the strange s-wave baryon-resonance Y 0 (1405, I = 0, J = 1/2") - which is just 27 MeV below the free KN threshold - plays 
the dominant role in K~ absorption at rest on nuclei. Unfortunately, infor
mation on the Yo dynamics in nuclei from an optical model analysis of the 
widths and shifts of kaonic atoms is scarce due to the strong influence of 
the I = 1 K"N isospin channel. However, a quantity sensitive to the Yo 
selfenergy is the ratio fj[s) = N(Z~n+)/N(5:+Tt-) of I n pairs, emitted with 
the invariant In energy (s after K" absorption due to the opposite inter
ference of the Y 0 dominated I = 0 and the I = 1 background amplitude. Assuming a quasi-free production mechanism, the ratio for the nuclear pro
duction of I T I * pairs is explicitly given by 

#*)-i^^ + J^•£"<*) * 

where, in this simple model, medium 
corrections enter only into the 
elementary K~N isospin amplitudes^. 
t ^ l s ) . If we parametrize the Yo 
dominated part by a Breit-Wigner form, 
then a repulsive, energy dependent self 
energy for the Yo of around 20 MeV 
(at the KN threshold).is needed to 
account for the data'' (in the figure 
enclosed the dashed and the full line 
give f(s) without or including a 
self energy correction for the Y 0 ). In a microscopic meson exchange 
model various sources for such a 
repulsive shift - including K and n 
induced rescattering contributions 
and, as the leading agency, the Pauli-
blocked Y*—*-KN decay - are 
discussed. 

+ Permanent address: Institute of 
Experimental Physics, University of 
Warsaw, Poland 

1. M. Di11ig and D. Zieminska 
preprint, University Erlangen (1980) 
(subm. to Phys. Lett.) 
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RADIATIVE CAPTURE OF KAONS OH HYDROGEN AT REST 

S.H. Chew, J. Lowe, J.M. Nelson, C.E. Waltham, S.D. Hoath, G.J. Pyle 
and G.T.A. Squier 

Department of Physics, University of Birmingham, England 

S. Baird, C.J. Batty and P. Sharman 

Rutherford Laboratory, Didcot, England 

P. Bird and A.S. Clough 

Physics Department, University of Surrey, Guildford, England 

The reactions K"p •» Ay and K"p •* £ f at rest have been studied by 
searching for gammas from K~ stopping in a liquid hydrogen target. Gammas 
were detected in a 25 * 30 cm Nal detector surrounded by particle veto 
counters and Pb shielding. The experiment was carried out at the Cern PS. 
The spectra are being analysed to identify contributions from known sources, 
which are mainly TI° decays. The experiment is a continuation, with improved 
sensitivity of the experiment carried out at Nimrod' '. 

The implications of the results for the NYK coupling constant and the 
K"p amplitudes at threshold will be discussed. 

I. J.D. Davies, J. Lowe, G.J. Pyle, G.T.A. Squier, C.E. Haltham, C.J. Batty, 
S.F. Blagi, S.D. Hoath, P. Sharman and A.S. Clough. Nucl. Phys. BI60 
(1979) 492. 

162 



MASS OF 2«We BY THE 26Mg(„- t„+) REACTION* 

M. Kaletka, H. Nann f, Kamal K. Seth, S. Iversen, D. Barlow, and D. Smith 

Northwestern Universi ty, Evanston, IL 60201 

The mass of 2 6Ne has been measured by the double charge exchange reaction 
2 6 Mg(i r ,T+) 2 6 Ne at "L, = 162.75 MeV using the EPICS f a c i l i t y at LAMPF. The 
reaction 1 2 C(n - ,n + ) 1 2 Be , with known 0 0 = -26.100 ± 0.015 MeV, was used for 
ca l ibrat ion to obtain Q0 = -17.65 ± 0.08 MeV for the 2 5 Mg( i r , i r + ) 2 6 Ne reaction. 
This Q-value corresponds to a mass excess of 0.42 ± 0.08 MeV for z 6 Ne. This 
is to be compared with theoretical predictions of +0.30 MeV (Thibault and 
Klapisch, +0.17 MeV (Jel ly) , -0.27 MeV (Je l l y ) , +0.13 MeV (Groote), +0.19 MeV 
(Janecke) and -0.06 MeV (Garvey-Kelson relat ions). 
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•Supported in part by the U.S. Department of Energy. 
^Now at Indiana University, Bloomington, Indiana 47401. 
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IDENTIFICATION AND MASS DETERMINATION OF 9He 
Kamal K. Seth, S. Iversen, H. Nann +, N. Kaletka, D. Barlow, and D. Smith 

Northwestern University, Evanston, IL 60201 
The reaction 9Be(ir-,7r+)9He has been studied at the EPICS facility at 

LAMPF at T(it") = 194 MeV. A clear enhancement over 6He + n phase space is 
observed at Q = -30.65 MeV and is interpreted as corresponding to the 9He 
(g.s.). From this measurement it is concluded that 9He(g.s.) is unstable to 
8He + n decay by 1.31 + 0.20 MeV. This should be compared with predictions 
of B(n) = -2.36 MeV (Janecke), -2.94 MeV (Jelly), -3.82 MeV (Jelly), -3.08 
MeV (Thibault and Klapisch). 

Using the measured mass excess of 9He in the transverse Garvey-
Kelson relations, the mass excess of I 0He is predicted to be 49.40 MeV, i.e. 
it is predicted to be unbound with respect to two neutron decay by only 1.66 
MeV. 
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•Supported in part by the U.S. Department of Energy 
TNow at Indiana University, Bloomington, Indiana 4: 47401. 

164 



ANOMALOUS ENERGY SHIFTS IN HUONIC LEVELS OF ^ p b * 

Y. Ta^akat E. B. Shera, H. V. Hoehn and H. D. Wohlfart 
Los Alamos Scient i f ic Laboratory, Los Alamos, New Mexico 87545 

and 

D. Laubacher and R. M. Steffen 
Depar ent of Physics, Purdue University, W-Lafayette, Indiana 47907 

In l i gh t of recent work [ 1 ] , we have reexamined the nuclear polarization 
(NP) correction for muonic Pb-208. All known states up to 8 HeV, including 
the near-resonant 6-8 HeV 1 - , 2+ and 3- states that have recently been 
observed in (a ,a ' ) , (p,p')> (e ,e ' ) and {y,y') experiments, were included in 
the NP calculat ion, as were the giant resonances. Duspite the use of various 
giant resonance parameters and widely d i f fer ing t rans i t ion charge densit ies, 
the calculations s t i l l display the following anomalies: 1) both 3d muonic 
levels are bound deeper by 150 eV than indicated by experiment [ 2 ] , 2) the 
2p levels are bound approximately 400 eV deeper than indicated by experiment, 
3) the A2p sp l i t t i ng is larger by 200 eV than indicated by experiment. From 
a theoret ical viewpoint, explanations of these discrepancies might be found 

•Sn the reference spectrum method used in the NP calcu lat ion, in the Lamb 
sh i f t correct ion, or in the vacuum polarization correct ion. However, calcu
lat ions of the la t te r two corrections are in essential agreement with experi
ment in other levels of Pb-208 and in other nuclei [ 3 ] . The transverse 
interact ion (defined in the Coulomb gauge), which was mentioned in ref . 1 . as 
a possible explanation of the A2p discrepancy, has been investigated and 
found to have negligible inf luence. From an experimental viewpoint, i t 
appears desirable to remeasure the values of the 4f-3d and 3d-2p t ransi t ion 
energies. The table below shows the results of a typical calculation in 
which the Fermi charge d is t r ibu t ion parameters have been adjusted to best 
f i t the experimental energies [ 2 , 3 ] . The anomalies mentioned above are 
evident. 

Transit ion Experiment Calculation Transition Experiment Calculation 
(HeV) (MeV) (HeV) (MeV) 

2p3/2- ls l /2 5.962770(420) 5.962804 4f5/2-3d3/2 0.971850(60) 0.972000 
2p l /2 - l s l / 2 5.777910(400) 5.777750 4f7/2-3d5/2 0.937980(60) 0.938112 
3d3/2-2pl/2 2.642110( 60) 2.642195 5g7/2-4f5/2 0.437748(12) 0.437754 
3d5/2-2p3/2 2.500330( 60) 2.500227 5g9/2-4f7/2 0.431360(11) 0.431340 

[1] Y. Yamazaki et a l . , Phys. Rev. Lett. 42 (1979) 1470 
G. A. Rinker et a l . , Nucl. Phys. A306TI978) 360 

[2] D. Kessler et a l . , Phys. Rev. C11~(T975) 1719 
[3] L. Tauscher et a l . , Z. Physik, A285 (1978) 139 
* supported by U.S. Department of Energy 
+ supported in part by Purdue University 
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THE L=4 STATES IN LOW-ENERGY OCTUPOLE RESONANCE REGION OF 9 0Zr 

Y. Fujita, M. Fujiwara, I. Katayama, S. Morinobu, T. Yamazaki, * 
T. Itahashi, S. I. Hayakawa , and H. Ikegami 

Research Center for Nuclear Physics, Osaka University, Suita 565, Japan 
* Science and Engineering Research Lab, Naseda Univ., Tokyo, Japan 

Around an excitation energy of 30 A , the so called low energy 
octupole resonance (LEOR) exhausting 20-30 % of the strength allowed by the 
energy-weighted sum rule (EWSR) has been observed in many nuclei using the 
C<», <»') experiment '. A recent (p, p') experiment ' has confirmed almost 
the same result in 9 0Zr but as a result of the improved resolution (MiO keV) , 
some structured nature of the LEOR has been suggested. 

In this article we report on a high resolution 9 0Zr(p, p') experiment 
for the lower half (E =4^7.6 MeV) of the LEOR region. An isotopically 
enriched (^8%) 9 0Zr foil of 490 ug/cm2 was bombarded with 65 MeV protons 
from the RCNP AVF-cyclotron. The inelastically scattered protons were 
detected with a 1-m long position sensitive resistive-wire proportional 
counter at the focal plane of the spectrograph "RAIDEN". Data were taken at 
fourteen angles from 9

l a b = l u ° t o 63°. Over-all energy resolution was 15 keV. 
With this high resolution, many discrete individual levels were observed 
instead of the structure of a broad bump on the continuum. As a result of 
analysis, many discrete states of L=4 character were found in addition to 
the levels of L=3 character. The strength was derived for each level. The 
figure shows the distribution of EWSR fraction for the L=4 and L=3 states. 
The L=4 states found in the experiment exhaust 4.7% of the EWSR limit for 
the hexadecapole strength and the L=3 states 7.6% of the octupole strength. 
The concentration of L=4 states in this energy region is suggestive of a 
presence of the isoscalar.hexadecapole resonence as is expected to exist 
from the RPA calculation '. 
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5) 

J.H. Moss, D.H. Youngblood, CM. Rozsa, D.R. Brown, and J.D. Bronson, 
Phys. Rev. Lett. 3J_ (1976) 816. 
C. Mayer-BOricke, W. Oelert, A. Kiss, M. Rozsa, P. Tmek and S. Wiktor, 
Nucl. Phys. A293 (1977) 189. 
J.M. Moss, D.R. Brown, D.H. Youngblood, CM. Rozsa, and J.D. Bronson, 
Phys. Rev. C18_ (1978) 741. 
P. Martin, Y. Gaillard, P. de Saintignon, G. Perrin, J. Chauvin, G. 
Duhamel and J.M. Loiseaux, Nucl. Phys. A315 (1979) 291. 
K.F. Liu and G.E. Brown, Nucl. Phys. A26W1976) 385. 

166 



i?g Q / , S vg . STRUCTURE IN 7 B B r 

M.Behar, D.Abriola, A .F i lev ich , G.Garcia Bermudez 

A.J.Kreiner and K.A.J.Mariscotti 

Departamento de FTsica 
Comision NacTcnal de Energfa Atomica 

Buenos Aires 1429, Argentina 

Following the succesful descr ipt ion 1 of the correspondence found2 be
tween posi t ive pari ty bands of gg/2 parentage in 7 6 B r and 7 7 K r , i t is of 
interest to search for the same excitat ions in 7 8 B r and to study to which 
extent they are related to levels in 7 9 K r . 

The existence of a Tfgq/2 ® ^9g/z b a n c ' structure b u i l t on the known h+ 

isomer in 7 8 B r was recently investigated 3 ! 1 * and i t is l i k e l y that some of 
the observed 1* levels correspond to the lowest mult iplet expected from this 
system. In order to gain more information on this band structure a search 
for higher states 78 Br was performed. The 7 7 Se(a,2np) reaction produced 
with the 30 to 55 MeV o-beam of the BA Synchrocyclotron was used in conjunc
t ion with conventional on-l ine Y _ l"ay spectres- 5 
copy techniques. The level scheme in the s i 
f igure summarizes the results. The levels up 
to ^67.6 keV have already teen reported 1 ** 5 . 
Of par t icu lar interest is the 90*1.1 keV 
t ransi t ion which exhibits quadrupole char
acter and compares well with the ( l l / 2 + ) to 
7 / 2 + spacing in 7 9 K r . In order to check the 
assumption that the sequence of levels with 
I = / t . ( 5 ) . - . . (8) and (10) in / B B r corresponds 
to a fgq/2 ® °99/2 rotational l i k e structure 
a ca lcu la t ion , similar to that performed for 
7 6 B r (Ref. 1 ) ,has been carried out . The 
model involves a non-interacting quasi-
proton and neutron coupled to a r i g i d rotor. 
The neutron parameters were determined by 
f i t t i n g the posit ive pari ty band in 7 9 K r . 
The deformation was taken as a mean value 
from that o f the neighboring even-even 
cores. The main results of the ca lcu la t ion 
are: a) the 4 + , 5 + . . . . 8 + members o f the ,„ 
lowest mu l t ip le t , corresponding to almost n„, 
vanishing ro ta t ion , Me within 300 keV ( in """ 
contrast to 600 keV in 7 6 B r owing to the °"" 
smaller deformation); b) the 9 + s ta te Is »»• 
pushed up about 0.5 MeV above the 8+ state; 
c) the predicted spacing between the 1 0 + 

and 8 + s tate Is 0.9 MeV. These results are 
f u l l y consistent with the data and hence provide evidence for the va l id i t y of 
the present Interpretat ion. 
*) A.J.Kreiner and M.A.J.Marlscottt , Phys.Rev.Lett. <*3 (1979) 1150. 
2 ) M.Behar e t a l . Nucl .Phys. A282_( 1977) 331, and A.J.KreTneret al-Phys.Lett JB3B 

• (1979) 3 1 . 
3 ) B.M.Kluger-Bell et a l . J.Phys.G.Nucl .Phys. 5_ (1979) 827. 
* ) G.Garcia Berntudez et a l . J.Phys.G. Nucl. Phys- ( In press) . 
s ) C.M.Lederer et a l . Table of Isotopes (1978), New York, Wi ley. 
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HIGH-LYING EXCITATIONS IN 1 D 0 WITH lp-lh-STRUCTURE 

J. Franz, N. Hamann 

Fakultat fur Physik der Universitat Freiburg, D-78 Freiburg i . Br. 

In a kinematically complete experiment we have measured the reaction 
1 4 N(3He,p) l s 0 * + p + 1=N9S at the project i le energy E 3 H e = 13MeV. This reaction 
proceeds in two steps, the f i r s t of which is governed by a direct reaction 
mechanism. Since the target nucleus l^N can be described in good approxima
t ion as a Z-hole structure relat ive to the closed shell nucleus i b 0 mainly 
l p - l h and 2p-2h states in 1 6 0 are excited. With the subsequent decay in to 
15Ngs + p a high se lec t iv i ty for lp- lh-structure in the intermediate l b 0 sys
tem is expected for the whole reaction process. In the figure a projection 
of the phase space corrected Dalitz Matrix onto the p- 1 5 N9 S re lat ive energy 
axis is given, showing only a few prominent excited states in the intermedi
ate nucleus. The 1 6 0 excitat ion energies at the peaks are extracted from our 
experiment with an uncertainty of 30 keV. 

For most of the observed intermediate states decay angular d ist r ibut ions 
have been measured in the reaction plane of the f i r s t step. The pr imari ly 
emitted proton was detected at BLap=37.50. The analysis of the angular corre
la t ion in terms of a series of modified Legendre polynomials leads to re
str ic t ions for the spin assignments of the decaying states. The order of the 
highest polynomial needed for the description of an angular d is t r ibut ion is 
l imi ted by the value of the spin 3 of the decaying state or the orb i ta l angu
la r momentum up of the decay proton whatever value is lower. The conclusions 
drawn from the f i t s agree with spin 
quantum numbers and structure as
sumptions as far as they are known 
from l i te ra tu re . Our results are: 
J , up > 1 for the states at E x ( 1 6 0 ) = , 6 U 

12.98, 16.23 and 17.14MeV , and 
J, j ,p> 2 for the 17.62 MeV state. 

For the two most prominently 12a 
occuring states (14.94 and 18.04 
MeV) the f i t leads to the lower l i 
mits 0, np> 3. This implies for the 8 0 

structure of these states that the 
dominant component seen in this ex
periment has to be a par t ic le in 
the f7/2-shell and a hole in the 
p i / 2 - she l l . Thus we are forced by 
the results of our experiment to 
take into account lp - lh states in 
16o with 2tlu excitations below com- so 100 iso 200 
monly used estimations. 
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NEUTRON PARTICLE-HOLE STATES IN 1 3 2 S n 

T . B j o r n s t a d , J .B lomqvi s t , G.T.Ewan, P.G.Hansen, B .Jonson , K.Kawade, A.Kerek, 
S.Mattsson and K.Sis temich (ISOLDE C o l l a b o r a t i o n ) 

The l a r g e energy from the ground s t a t e of the 1 3 2 S n nucleus to i t s f i r s t 
e x c i t e d s t a t e (4041 keV) i n d i c a t e s an unexpectedly h i g h s t a b i l i g y of the Z=50, 
N=82 c o r e . This doubly c l o s e d s h e l l nucleus - the l e a s t i n v e s t i g a t e d out of 
the s e v e n e x i s t i n g - i s o n l y a c c e s s i b l e through the f i s s i o n p r o c e s s . 

The present c o n t r i b u t i o n r e p o r t s pre l iminary r e s u l t s or. e x c i t e d s t a t e s i n 
1 3 2 S n and t h e i r i n t e r p r e t a t i o n . The experiments have been performed a t the 
ISOLDE i s o t o p e separator by s t u d y i n g the 8-decay of 1 3 2 I n . The pre l iminary 
l e v e l scheme i n the f i g u r e i s based on s i n g l e s and c o i n c i d e n c e gamma ray and 
c o n v e r s i o n e l e c t r o n measurements. 

E x c i t e d s t a t e s i n a doubly c l o s e d s h e l l nu i l eu f a r e most e a s i l y formed 
by promoting one nucleon from an occupied s h e l l t o an empty s h e l l . In 1 3 2 S n 
the energy gap between the h i g h e s t occupied s h e l l and t h e lowes t empty s h e l l 
i s around 5 MeV for neutrons and around 6 MeV f o r p r o t o n s . The e x c i t e d s t a t e s 
should c o n s i s t of a s e t of a p a r t i c l e - h o l e m u l t i p l e t s .it the e x c i t a t i o n e n e r 
g i e s o f the s i n g l e nuc l eon . 

According to the s h e l l model the be ta -decay ing ground s t a t e of 1 3 2 I n has 
the c o n f i g u r a t i o n ( v 2 f 7 / 2 , i t l g 9 / 2 ) 7 - . The main decay should proceed by a Gamow-
T e l l e r t r a n s i t i o n transforming the l g g / 2 proton h o l e t o a l g 7 / 2 neutron h o l e , 
analogous to the 1 3 1 I n •* 1 3 1 S n decay . In 1 3 1 S n the neutron h o l e then jumps 
from l g 7 / 2 to 2 d 3 / 2 w i th the e m i s s i o n of a 2429 keV E2 gamma ray. The 2380 
and 2269 keV gamma rays i n 1 3 2 S n are candidates f o r s i m i l a r t r a n s i t i o n s . 

-1> 
( \ ) f 7 / 2 \ > g 7 / 2 ) 6 

( v f 7 / 2 

( v f 7 / Z 

vs 7 1 ) -
1/2 3 -

+ c o l l e c t i v e 

7210 

132-
50« n 82 

(vf7/2 

u h n / 2 ) 
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SEARCH FOR GAMOW-TELLER GIANT RESONANCE IN 9 (fob 
BY THE ''zrl^e.t) 9 0!^ REACTION AT 90 MeV 

M. Fujiwara, Y. Fujita, I. Katayama, S. Morinobu, T. Yamazaki, 
T. Itahashi, S.I. Hayakawa* and H. Ikegami 

Research Center for Nuclear Physics, Osaka University, Osaka, Japan 
* Science and Engineering Research Lab., Waseda Univ., Tokyo, Japan 

Possible evidences for Gamow-Teller giant resonance have been obtained 
in the (p,n) and (3He,t) charge exchange reactions on several nuclei 1' 2' 3). 
However, considerable discrepancies still exist among the reported results"'5) 
for the shape and energy, showing a necessity for a further detailed inves
tigation. 

We studied the 9 0Zr( 3He,t) 9 0Nb reaction with a 90 MeV 3He beam from the 
230 cm AVF cyclotron at RCNP, Osaka University. The tritons were momentum 
analyzed by the high resolution spectrograph RAIDEN, and detected by a 1.5 m 
position sensitive proportional counter. The overall resolution was about 
60 keV, which was limited by the thickness of the target used (2 mg/cm2). 
Data were taken at scattering angles up to 30° including the beam direction. 

The figure shows a typical triton spectrum obtained at 9 l a b=8°. It may 
be clear that there appears a broad bump near the intense IAS 0* peak, cover
ing the energy range of 4.5^10 MeV. This is in at least qualitative agree
ment with the previous results. In the present data, however, the bump is 
seen to be composed of many discrete levels. From the energies and angular 
distributions, some -f the distinct levels were identified as excited analog 
states of the parent 9 0Zr. Examples are 7.237 MeV (2+) , 7.764 MeV (3_) and 
9.237 MeV (1+ or 2 +) states. The most of the other weak levels in this 
region were observed to show an angular distribution consistent with that of 
the 2.126 MeV 1+ state. Although there still is a possibility that a small 
fraction of the levels may not have a same J11, the intensities of the weak 
peaks (not including analogs) were summed up to give a measure of the cross 
section of the GT giant resonance. This yielded a value roughly in agreement 
with the theoretical prediction. These results strongly suggest that the 
weak states around 0 + IAS actually fr.-m a GT giant resonance, with the 
strength being concentrated in 
the energy region of EX=4.5V7.5 — 
MeV in 9 6Nb. It is of interest 
to note that the 9.237 MeV analog 
state might make a candidate for 
the T> component of the GT reso
nance. The relative yield of 
this state to the area under the 
bump is about 0.1, which, indeed, 
is very close to the expected 
ratio of 1/(2T0-1). The detailed 
(p,p') experiment to search for 
the 1 + state in 9 0Zr would be 
valuable in confirming the 
situation. 5 10 

Excitation Energy 

References 
1. R.R. Doering e t a l . , Phys. Rev. Let t . 35_, 1691 (1975). 
2 . A. Galonsky e t a l . , Phys. Le t t . 74B, 176 (1978). 
3 . A. Wil l i s e t a l . , Phys. _Soc. Japan 44_ Suppl. 211 (1978). 
4 . D. Ovazza e t a l . , Phys. Rev. C18, 2438 (1978). 
5 . A. Galonsky and D.A. Lind, private communication. 
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DROPLET MODEL FOR GIANT 2 -ELECTRIC RESONANCE 
L.Tauhata 

Instituto de Radioproteglo e Dosimetrla Rio de Janeiro -BraslI 
T.Kodama 

Centra Brasileiro de Pesqulsas FTsicas - Rio de Janeiro - Brasil 
The droplet model applied to the giant resonance was succesful for expla^ 

ning the A-dependence of resonance energies and the form factor of inelastic 
electron scattering experiments . Here we generalize the treatment for EX re 
sonances,including corrections due to the Coulomb.surface and higher order 
terms of droplet parameters,wich Improve slightly for the dipole resonance.The 
nuclear density distribution is parametryzed in order to represent the Steinwe 
del-Jensen and Goldhaber-Teller modes,as ~ 

P*z(r,e,*,t) = P ° ( Z [l+N^fOj^kOY^e,*)] 0[r-RNiZ(e,*,t)] 
R^(Z(8.*,t) = R° > z Oa X u(t)Y X u(e,*)] 

where N. is the normalization factor chosen to give the same 2 -multipole mo 
ment for the same displacement of a, and b,. For isovector resonances,the ele_ 
ments of inertia and stiffness matrices are given by: — 

B, 2 =B 2 ] = B o S 0 + 2 e - l n ) A B n = B o S ( l + 2 E ) A 

C,,= | H A V 3 ( l + k ) + 2 E _ £ ) Z

 T i f ^ f ( l - w . 3 5 , ) 

B 2 2 = B o S g x ( l + 2 e - Z l n } / 2 

"11 3 c vA' 
(1-X) 

C ) 2 = C 2 I = ~- PAS c^(l+3e+3lTi) + I a 2 A 2 / 3 . 

a 2 | ( 1 + 2 e + 2 J ^ n ) + E c { N ) 2 v 

( l - E + ^ n ) / 2 

C 2 2 = 'tJAS2aj|gx(l+3E+6lTi) - | G A 2 / 3 S Z . 

a j A 2 . ( l + 2 e + 6 l T i ) + ^ g , ^ ) 2 . 
1, . Z+A , 

where, S=NZ/A 2, l=(N-Z)/A , n=t/R 
o 

9 X = [ot^-X(X+l)3/X 2 , q ? = [ l 5 ( 3 X + l ) - 2 ( 2 X + l ) a 2 ] 

,2 2 , 

B <n^ cr_A and t ,E,P,H,J,G are the dro£ 

/ [ 5 X ( 2 X + D ] , E c = z V / ( r o A l / 3 ) , 

2 5/3 
o e f f ' o A 

let parameters. The resonance energy is cal 
culated as in r e f . l ) (see f igure) .The e f fe£ 
t i ve mass seems to assume a smaller value 
for quadrupole than the dipole case.The ef fect of mixture of isoscalar in iso 
vector modes is found to be very small . — 

l) .W.D.Myers,W.J.Sw!ateckl,T.Kodama,L.J.El-Jaick,E.R.Hilf-Phys.Rev.C15,2032(77) 
2) .R.Pi tthan.H.Hass,D.H.Meyer, J.N.Dyer,F.R.Busking-Phys.Rev.Lett. I) l7T276(l 978) 

— WITH m u m AMO suarxct IHEKIES 

— WITHOUT COUIONI AND SURFACE EttERGIU 

• * imKIMHTftl . PATA 

.. , • I • , • 1 I 1 {.' ' ' ' l L " ' ' >! 
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- 1 / 3 LAW FOR JjiijSRliiJiS 0*' THji GIANT REoOflAUCES Iw rtuCLEl 

C . Y . T s e n g 
D e p a r t m e n t of P h y s i c s , P e k i n g U n i v e r s i t y , P e k i n g , C h i n a 

and 
Fu-chia Yang » 

Department of Nuclear Science,Fudan University,Shanghai 
and 

The Niels Bohr Institute, Copenhagen 
It is well known that the experimental data of the giant 

-l/3 resonance systematically deviates from the A ' J law.Motivated 
by the superior Z~ 'law than the A - ' 5 law for the nuclear 
charge radius ,we have found that for the energies of the 
isoscalar(monopole and quadrupole) giant resonances the agree
ment with the experiment is excellent if 

E = 49 Z - 1 / 5 Mev (GQR.AT = 0) (l) 
E = 60 Z" 1/ 3 Mev (GMR, AT = 0) (2) 

The situation is not so simple for the energies of the 
isovector giant resonances,since they are related also with 
the symmetry energy as well. For the isovector giant dipole 
resonance(GDR, AT=l),we start with the Steinwedel-Jensen mode, 
in which the resonance energy can he expressed as 

E 2.08 tic / asym A ( l - * ) / 2 ,,. 
R rj 2M K:" if the symmetry term in the nuclear mass formula is written as 

T 2 

a ——. F o r « = l , we o b t a i n t h e c o n v e n t i o n a l f o r m u l a , w h i c h sym .<* ' 
-l/3 gave the A ' J dependence. According to the mass formula we (?) have presented , the best fit between the experimental mass 

data and the formula can be obtained if <* = 0.9 and a =45.86 
_-,/, sym 

Mev.While we take R = r Z (r = 1.64 fm) as in the iso-
scalar case,we obtain 

E = C Z " l / 3 A 0' 0 5 (4) 
which is in excellent agreement with the experiment if 
C - 45 Mev. This value can be calculated by Eq.(3) when we 
regard M as the effect mass instead of the real mass of the 
nucleon m.and M = 0.75 m as suggested by Myers and Swiatecki. 

For the other isovector giant resonance,up to now,only 
some experimental data exist for GQR(AT=l). In a similar manner 
we can get E = C Z" 1 / 5 A°-°5 w i t h G , = 7 4 M e v _ Again.it is much -1/3 superior than the A ' J law. 
* Permanent address. 
1. C.Y.Tseng,Acta Physica Sinica 2± (1975) 151 
2. C.Y.Tseng,T.S.Cheng and F.C.Yang, Nuel.Phys.,(in press). 
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LEVELS OF Al EXCITED THROUGH THE Al( He,a) REACTION 

A. Alevra, M.Duma, R. Dumitrescu, Alina I sbasescu , 
M.T. Magda and Amalia Pop 

I n s t i t u t e for Phys ics and Nuclear Engineer ing , 
Buchares t , Romania 

A c 
The Al nucleus r e p r e s e n t s an i n t e r e s t i n g case being in 

the t r a n s i t i o n region of deformed l i g h t n u c l e i ; the na ture of 
i t s s t a t e s i s not yet completely unders tood. The 2 7 A l ( 3 H e , a ) 
r e a c t i o n has been used t o i n v e s t i g a t e the l e v e l scheme of 26^1 
in the l e s s known region of h igher e x c i t a t i o n e n e r g i e s . 

Energy and angular d i s t r i b u t i o n s of a - p a r t i c l e s were mea
sured wi th a AE - E t e l e s c o p e and a Goulding i d e n t i f i c a t i o n 
scheme, in 3° s t eps over t h e angular range 17° - 80°, for a 
bombarding energy of 30 MeV. Measured s p e c t r a p resen t a c o n t i 
nuous p a r t due to the p r e e q u i l i b r i u m emiss ion , on which some 
peaks a re superposed. The peak energy l o c a t i o n i s in agreement 
with t h e e x i s t i n g da ta for t h e case of lower e x c i t a t i o n 
e n e r g i e s 1 ) . 

New s t a t e s of Al l o c a t e d at h igher than 5.0 MeV e x c i t a 
t i o n ene rg i e s were found in the p resen t measurements namely : 
6 .21 MeV; 8.64 MeV; 9.77 MeV; 10.04 MeV; 10.80 MeV; 11.69 MeV; 
12.57 MeV; 13.46 MeV; 14.74 MeV and 15.59 MeV. Some of them 
(10.04 MeV; 10.80 MeV and 11.69 MeV) were i d e n t i f i e d as i s o b a r i c 
analogues to s t a t e s in t h e 2 6 Mg nucleus * ) . This s tatement i s 
suppor ted on one s i d e by t h e energy l o c a t i o n of the involved 
s t a t e s l ead ing t o va lues of t h e Coulomb displacement energy in 
agreement with the t h e o r e t i c a l value and a l s o with the one ob 
t a i n e d for the f i r s t four analog s t a t e s of t h e 2 6 A 1 - 2 6 Mg i s o 
b a r i c p a i r . 2 ) Q n ^he o t h e r hand spin ass ignments and s p e c t r o 
scop ic f a c t o r s obta ined from a DWBA a n a l y s i s confirm the i d e n 
t i f i c a t i o n of the above mentioned s t a t e s as i s o b a r i c analogs . 
Another i n t e r e s t i n g r e s u l t . i s the i d e n t i f i c a t i o n of a new 
low - l y i n g nega t ive p a r i t y s t a t e at 6 .21 MeV. 

1) P.M.Endt, C. Van der Leun, Nucl .Phrs . A310 (1978) 1 
2) W J .Cour tney , J .D. Fox, Nuclear Data Tables IJ5 (1975) 141 
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Oli THE FRAGMENTATION OF THE ISOSCALAH oTRENGTHS IN DEFORMED NUCLEI 

Y. Abgrall and B. Morand 
Laboratoire de Physique Theorique, Universite de Bordeaux, France 

E. Caurier and B. Grammaticos 
Centre de Hecherches Hucleaires de Strasbourg, France 

In a previous work (Fhys.Rev.Lett.39 (1977) 922) we have performed a 
complete study of the monopole («0, axial ((*) and non-axial (JO quadru
pole vibrations using the generator coordinate theory and the scaling 
assumption. We have thus shown that in light deformed nuclei the defor
mation has a predominant influence in the fragmentation of the quadrupo
le strength and that a realistic treatment must consider the coupling 
between the various modes of vibrations. These detailed calculations 
which are extremely lengthy cannot be extended to medium and heavy 
nuclei. We have thus consider a simplified treatment of the coupled 
vibrations based on the cranking method which allows to explain clearly 
the mechanism of the fragmentation of the giant mono_ jle and quadrupole 
resonances in deformed nuclei. We were thus able to C rive in a fairly 
interaction independent way general expressions for the positions of the 
GMR and GQR peaks as well as the fragmentation of the respective sum 
rules (figs. 1 and 2). 
Fig. 1. Fragmentation of the giant quadrupole resonance in axial nucleiC 
equilibrium deformation taken to be |fl | = 0.3). Results obtained in 

the cranking model a) 
the three vibrations 
1' Ai y< uncoupled b) 
all three vibrations 
coupled. The excita
tion energies are in 
units A - 1 / 3 MeV. The 
isoscalar E2 strengths 
are shown in parenthe
ses (in percent of the 
EWSR). 

Fig. 2. Fragmentation 
of the isoscalar 
monopole strength. 
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ENERGY SYSTEMATICA OF HI and El ISOVECTOR GIANT RESONANCES OBSERVED 
IN (p,n) REACTIONS 

W. Sterrenburg, S . A u s t i n , R. D e v i t o , and A. Galonsky 

Cyc lo tron Laboratory, Michigan S t a t e U n i v e r s i t y , E a s t Lansing, MI 48824 

Neutron spectra r e s u l t i n g from bombardment with45-MeV protons were mea
sured a t a forward angle on 17 t a r g e t s between 9 0 Z r and 2 o a P b . Spectra 
from t a r g e t s o f four Sn i s o t o p e s are shown in the f i g u r e . 

Three f e a t u r e s are common t o the s p e c t r a : (1) a sharp peak represent ing 
the i s o b a r i c analog of the t a r g e t ground s t a t e ( IAS) , (2) a broad peak, 
FHHM=3-4 MeV, a t s l i g h t l y h i g h e r , but t a r g e t - d e p e n d e n t , e x c i t a t i o n energy 
(Ml) , and (3) a s i m i l a r l y broad peak - 1 0 MeV higher than (2) ( E l ) . The depen
dence o f t h e s e energ ie s on (N-Z)/A shows that the broad peaks are r e l a t e d 
t o s t a t e s in the targe t not a s a n a l o g s but , more l i k e l y , a s T< or a n t i - a n a l o g s 
o f t a r g e t s t a t e s . Proposed p a r e n t s for (2) and (3) are the g i a n t Ml (or 
Gamow-Tel ler) ' ) and g i a n t El s t a t e s . I f the El ass ignment i s c o r r e c t , the 
T, T - l s p l i t t i n g i s e x p e r i m e n t a l l y determined for the f i r s t t ime. &p i s 
o b t a i n e d by Coulomb d i sp lacement of the g i a n t d i p o l e resonance (GDR) from 
the parent n u c l e u s , % - x i s the energy of the observed neutron group above 
the IAS. The r e s u l t i n g v a l u e s , AE=E T -E T _ 1 , are g i v e n i n the t a b l e . 

Target AE 
(MeV) 

9 0Zr 2.2 
9 1Zr 2.0 
"zr 1.7 
9*Zr 2.0 
"zr 2.1 
9 3Nb 2.0 
" M O 1.7 
9 6 M O 2.5 
"Ho 2.2 
9 "MO 2.4 
1 0 ' M O 
U 2 S n 2.7 
l l 6 S n 2.5 
1 2 0 S n 3.6 
1 2 2 S n 4.3 
1 2»Sn 4.6 
" 9 P b 4.5 
Isospin Splitting 
of the GDR 

*This work was supported by the N a t i o n a l Sc ience Foundat ion . 

1 . R.R. Doer ing , A. Galonsky, D.M. P a t t e r s o n , and G.F. B e r t s c h , Phys. 
Rev. L e t t e r s 35 (1975)1691 . 
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ISOVECTOR GIANT RESONANCES IN ' Zr(p,n) 

AT BO, 120, and 160 MeV T 

W. Sterrenburg, S. Austin, A. Galonsky and T. Nees 
Cyclotron Laboratory, Michigan State University, East Lansing, MI 48824 

D. Bainum 
Emporia State U n i v e r s i t y , Emporia, KS 66801 

J . Rapaport 
Ohio U n i v e r s i t y , Athens , OH 45701 

C. Fos ter 
Indiana U n i v e r s i t y , Bloomington, IN 47405 

C. Goodman and D. Horen 
Oak Ridge National Laboratory, Oak Ridge, TN 37830 

C. Goulding and M. Greenf ie ld 
F lor ida ASM U n i v e r s i t y , T a l l a h a s s e e , FL 32307 

Spectra for the above reac t ion 
were obta ined wi th the beam-swinger, 
t i m e - o f - f l i g h t system at Indiana 
U. The 0° s p e c t r a obtained at 
120 MeV are shown in the f i g u r e . 
The two s i z e a b l e _ b r o a d peaks, 
labeled 1 and 1 , were prev ious ly 
observed with 45-MeV p r o t o n s , 1 ) 
but they are more prominent a t 
120 MeV. The angular d i s t r i b u t i o n s 
of the peaks are very d i f f e r e n t 
from each o t h e r . The lower peak 
has the 1=0 shape of the IAS, -
whereas the upper peak has an S,=l 
shape; hence , the t e n t a t i v e J 1 1 

ass ignments . These peaks may 
represent the T-1 components (or < 
ant iana logs ) o f the g i a n t Ml and 
El re sonances . As a t 45 MeV, the 
peaks move to lower e x c i t a t i o n 
e n e r g i e s as N-Z i n c r e a s e s . 

The smal ler peak labe led 1 
corresponds , i n t h i s i n t e r p r e t a 
t i o n , to the a n a l o g , having i s o -
spin T, o f the g i a n t Ml s t a t e ?." 3" 1'." 
in a u Zr. I s o s p i n vector r - " e • 
geometry g r e a t l y gavors the (p,n) t r a n s i t i o n to the T-1 component over the 
T component. I f the i n t e r p r e t a t i o n i s c o r r e c t , we have a d i r e c t measurement 
of the Ml i s o s p i n s p l i t t i n g in three Nb i s o t o p e s . The s p l i t t i n g i s then 
about 4 .5 MeV i n 9 0 N b (topmost spectrum) and can be seen t o i n c r e a s e s l i g h t l y 
a s N-Z i n c r e a s e s . This behavior favors the i n t e r p r e t a t i o n g i v e n . 

Supported by the N a t i o n a l Sc ience Foundation and the Department of Energy. 

1 . W. S t e r r e n b u r g , S . Aust in , R. DeVi to , and A. Galonsky, c o n t r i b u t i o n 
t o t h i s Conference . 
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RADIATIVE CAPTURE OF POLARIZED NEUTRONS BY 3 He 

L. Ward, D.R. T i l l e y , N.R. Roberson, 
S.A. Wender, D.M. S k o p i k + + and H.R. Wel ler 

Triangle U n i v e r s i t i e s Nuclear Laboratory 
Duke U n i v e r s i t y , Durham, North Carol ina 27706 

We have measured the 90° c r o s s s e c t i o n for the 3 He(n,Y)^He r e a c t i o n 
for neutron e n e r g i e s of 6 . 0 t o 1 4 . 5 MeV, corresponding t o e x c i t a t i o n 
e n e r g i e s (E^) of 25 .1 to 3 1 . 5 MeV i n ^He. A pulsed f a s t neutron beam was 
produced w i t h a chopped and bunched deuteron beam i n c i d e n t on a deuterium 
gas c e l l . The gaseous 3 He t a r g e t c o n s i s t e d of a 1 / 1 6 " t h i c k s t a i n l e s s 
s t e e l c o n t a i n e r f i l l e d to a p r e s s u r e of 118 ATM. A s e v e n a n g l e angular 
d i s t r i b u t i o n was obtained a t E n ( E x ) « 9 . 0 ( 2 7 . 3 ) MeV. A pre l iminary a n a l y s i s 
i n d i c a t e s a s u r p r i s i n g l y l a r g e ax c o e f f i c i e n t of "v-0.2 , comparable in 
magnitude w i t h that observed a t E p T. 9 . 0 MeV i n the T(p,Y)*He r e a c t i o n . ^ 

Data have a l s o been o b t a i n e d u s i n g a p o l a r i z e d neutron beam produced 
v i a t h e D(d \n ) 3 He r e a c t i o n . Ana lyz ing powers ob ta ined a t En=9.0 MeV a t 
5 5 ° , 90° and 125° i n d i c a t e the p r e s e n c e of a small b 2 c o e f f i c i e n t s i m i l a r 
in magnitude to that observed i n t h e T(p,y) He e x p e r i m e n t ^ ) . These data 
w i l l be used to e s t imate the s t r e n g t h of the t r i p l e t ( S = l ) El t r a n s i t i o n 
matrix e l ement . 

•Work p a r t i a l l y supported by t h e U.S.D.O.E. 
+ + P h y s i c s Department, U n i v e r s i t y of Saskatchewan, Saskatoon , Saskatchewan 
1 . George King I I I , Ph.D. d i s s e r t a t i o n , Stanford U n i v e r s i t y , 1978. 
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ISOVECTOR GIANT MONOPOLE RESONANCES: A SUM RULE APPROACH 

K. Goeke 
Ins t i tu t fur Kernphysik, KFA Jt i l ich, D-5170 J i i l i ch, West Germany 

B. Castel 
Dept. of Physics, Queen's University, Kingston, K7L-3N6, Canada 

P.-G. Reinhard 
Ins t i tu t fur Kernphysik, Univ. Mainz, D-6500 Mainz, West Germany 

Probably the most sophisticated way to describe the isovector giant 
moncpole resonance (IVGMR) consists in a consistent HF+RPA calculation in the 
coordinate space. Although these calculations are feasible, they are techni
ca l ly d i f f i c u l t and hence often poorly approximated. The advantage of sum. 
rule techniques consists in the fact that certain moments m̂ CQ) = z ("nna) 
l<a|QjQ>|2 of the RPA strength d is t r ibut ion can rather be evaluated by simple 
HF- and adiabatic time dependent HF means. I f one takes 1) for the IVGMR the 
Q = z r^t- j , one obtains m-jCQ) and m_3(Q) by performing a CHF calculat ion, 
<5<A|H-XQ|*> = 0 and by evaluating the po la r i zab i l i t y , m_1 = 1/2 3/3X<x|Q|x>, 
and the ATDHF-mass, m_3{Q) = 1/2 M(A) . Together with values of Auerbach et 
a l . 2 ) for m^Q) and m3(Q) one can determine the even moments m_2(Q), m 0(Q), 
mz(Q) by determinantal inequal i t ies of refs . 4,5. 

The calculations are performed in the coordinate space of (equivalently) 
in a basis of >25 harmonic osc i l la tor shells using the Skyrme-3 in teract ion, 
which has a reasonable symmetry energy of 28.1 MeV. The inequalities deter
mine m_2 and m+2 up to 8 % and m0 up to 2 % accuracy. The f inal results'*) 
concerning the centroid energy, fin0» aid various candidates for the peak 
energies, •fin|c, are given in table 1. The hsty d i f f e r very much from each other 

1 6 0 4 0 C a 90 , Zr 2 0 8 P b 

-fio - m

R P A / m

R P A 

* n o " m l / r a o 
QteV] 33.2±0.8 32.7±0.8 32.6±0.5 27.6±0.4 

* o - f m R P A / » . R W M / Z 

fin_j = vm_1 /m_3 ) 
[Mev] 25.1 25.0 26.7 19.3 

*« ! - ( m R F V P A ) 1 / 2 [MeV] 32.1 31.8 32.1 26.8 

"tag - ( m R P A / m R P A ) 1 / 2 [MeV] 40.6 38.6 35.8 30.5 

% [MeV] 32.8 32.0 31.8 26.1 

a [MeV] 12.3 10.6 7.9 7 .1 

since the variance a of the d is t r ibut ion is very large corresponding to a 
FWHM of >v2.35 o. The fin_ is the average over the above energies and is close 
to the peak energy. With an error of ±2 MeV i t can be approximated by-fin p 

= 46 A - * ' 1 0 . Apparently the IVGMR l ies highly in the continuum with a FWHM of 
more than 16 MeV. Hence i t w i l l be d i f f i c u l t to establish a direct evidence 
for i t s existence. 

1) K. Goeke et a l . , Nucl. Phys. A296 (1978) 328 
2) N. Auerbach et a l . , Proc. Sendai Conference 1977 
3) 0. Bohigas et a l . , Phys. Rep. 51_ (1979) 268 
4) K. Goeke et a l . , to be published 
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Surface Symmetry Energy and The Dipole Giant Resonance. 

E. Lipparini and S. Stringari 

Dipartimento di Fisica, Universita di Trento, Italy 

In this work we discuss the role of the symmetry energy in the giant di
pole resonance ^ ', with particular emphasis to surface effects. We use a mi
croscopic approach for the collective motion and we assume scaling deforma
tions for the isovector density P = Starting from a very 
general energy functional we derive the following formula for the mean excita 
tion energy: 

l/Jn 

where K n is the enhancement factor of the TRK sum rule, m*is the effective 
mass, V l s the average 1-body potential and \r enters in the symmetry ener-

,"I M_ f, ir . The first term (V) results from the one-par 
tide excitation energies, while the second term (u; ) gives the effect of 
the interaction. In the figure we have plotted UJ by assuming Woods-Saxon 
shapes for V and P , for two different choices of V". : 1) IT 2 i »i 
2)1J =1*J +fc, . Choice 1) reproduces the volume term in the semi-empirical 
mass formula and does not give surface terms; choice 2) gives either volume 
and surface contributions to the symmetry energy t» r 

fig. J - H = ° 
ThffYclearly shows that the surface 
symmetry energy, though scarcely af_ 
fecting the total binding energy, is 
crucial to reproduce correctly the 
energy of the dipole mode in the 
whole nuclear table. 

1) A.Bohr and B.R.Mottelson, Nuclear Structure (Benjamin, N.Y., 1975) Vol. 2; 
W.D. Myers et al. Phys. Rev. C 15 (1977) 2032. 
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STRENGTH DISTRIBUTION OF THE dgs/i -HOLE STATE AND 1#»,<3>A 
CONFIGURATION IN 119sn * 

Ch.Stoyanov 
Joint Institute for Nuclear Research, Dubna, USSR 

Strength dictribution of quaaiparticle ( oC*) and quasipar-
ticle+phonon components has been studied within the quasipar-
ticle-phonon modell). The wave function of excited states in
cludes oC+ , ai*~Q* ,<£+<?$Q]j components. 

The vertical lines in the figures show the strength dis
tribution of the l<j3/2 neutron hole state and 4-$li®-l*i confi
guration in the case when the oC^Q't'Pj components are not in
cluded in the wave function of the excited states. The curves 
show the influence of these components on the lj?9/z ( C'Cy)) and 
idfyi&^i L o/1^)) strength distribution. The strength function 

c-̂ 'Y) is related to the spectroscopic factor Sj : Sj = 
l2j*l) StsC'i'iJdY . The arrows show the unperturbed energies of 

the i$9u state and l#3tl®Z\ 
configuration. 

As has been mentioned 
earlier^T swiching on of the 
dL+Q\ Q'z components in the wa
ve function of the 119Sn exci
ted states results in the redi
stribution of the l$t/i strength. 
In the energy region 6.5-8.5 
MeV the second peak exists and 
33% of the lSfu strength is 
concentrated in this region. 
The influence of the aL*q+t <e*j 
components is more important forCCjlMeV" 
the distribution of the if^i-\ 
strength. At energies higher 
than 9 MeV more than 20% of the 
full strength of this configu
ration is shifted. The low-
energy part of the spectrum is 
also changed considerably. 

The calculation of the di
stribution of strength of the 

oC+Q* components of the wave 
function gives a possibility to 
calculate microscopically the 5.0 1.U t x MeV 
^ -transitions from the neutron binding energy region to the 
ground state and also the widths of the giant resonances in the 
odd spherical nuclei. 
1. V.G.Soloviev, Nucleonika, 33 (1979) 1149; Particle and Nuclei. 

9 (1978) 810. 
V.G.Soloviev, Ch.Stoyanov, A.I.Vdov: 
1979; JINR, E4-80-132t Dubna, 1980. 
9 (1978) 810. 

2. V.G.Soloviev, Ch.Stoyanov, A.I.Vdovin, JINR, P4-12992, Dubna, 
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I D vrraam ot one XOLABZZATIOH 

Zhang Xi-shen Sa Ben-hao Ll Zhu-xia 
Shi Ti-jln Hon Ti-min 

Institute of Atomic Energy 
Academla Slniea, Beijing, China 

We use nuclear field theory (H?T) to treat the self-energy 
correction of single partiole and 
phonon given by diagrams in Fig.1 
and Pig. 2 and their exchange dia
grams. 

For 2 0 8Pb,in performing HPA 
calculation, the single partiole 
levels near feral surface (one major shell above and one below) 
are taken from experiment and the other levels are constructed 
with a standard spherical harmonic oscillator (10 ma jar shells 
for proton and 11 major shells for neutron}, the ooupling cons
tants are determined by self-consistency condition given by Bohr 
and Mottelson. The phonons for A. 4 6 are calculated. 

The energy corrections of single partiole level shown in 
Pig.1 and of phononfc^2) shown in Fig.2 are calculated with the 
elementary modes mentioned above. The results show that, for 
single particle state, the average distance between the two ma
jor shells Is greatly reduced! 2.1 HeT for neutron and 3.7 HeV 
for proton; for the phonon(A."2), the diagrams (b) and (c) in 
Pig. 2 give more contribution (-1.03 HeT) ( but the contribution 
from diagram (a) in Fig.2 IB nearly negleglble (-O.09 MeV). 
However, since the experimental single partiole levels near the 
ferml serf ace are taken, so the diagrams (b) and (c) in Pig. 2 
should disappear in the renormallzed HFT. In this oase, the cor
rection of RPA phonon is rather small. 

Ve have also solved the secular equations obtained from Dyson 
equation (partial summation) when only single partiole levels 
near feral serf ace are considered. The results show that the 
contributions from high order diagrams are unimportant in the re
gion of 2 0 8Pb. 

) ) 

181 



FEW-QUASIPARTICLE COMPONENTS OF THE WAVE FUNCTIONS AT LOW, 
INTERMEDIATE AMD HIGH EXCITATION ENERGIES 

V.G.Soloviev 
Joint Institute for Nuclear Research, Dubna, USSR 

To comprehend the structure of atomic nuclei it is useful 
to represent the wave functions of excited states as an expan
sion over a number of quasiparticles and phonons. The square of 
each coefficient of this expansion determines a fraction of 
time of the nucleus in a certain configuration. The fraction of 
time of the nucleus in the one-quasiparticle or one-phonon con
figuration decreases exponentially with increasing excitation 
energy. The quasiparticle-phonon nuclear modell) allows the cal
culation of the fragmentation of a few-quasiparticle states at 
different excitation energies. 

Based on the calculations and the corresponding experimen
tal data, the following conclusions about the behaviour of a 
few-quasiparticle components of the wave functions can be made: 

1) The wave functions of the low-lying states contain one 
dominating component which is studied experimentally and well 
described. 

2) With increasing excitation energy the fragmentation of 
these components becomes stronger, and at 5-8 JleV they appear 
as substructures in the one-nucleon transfer reactions. A good 
description of the experimental data on the fragmentation of « 
deep-hole states in spherical nuclei has been obtained in ref • 

3) The one-quas'iparticle components in the wave functions 
of the neutron resonances comprise 10~4-10~«. The neutron and 
some partial radiative strength functions are determined by the 
one-quasiparticle or one-phonon components. They are well des
cribed within the quasiparticle-phonon nuclear model3). 

4) At the excitation energies higher than the neutron re
sonances the fragmentation appears as substructures in the re
action cross sections^-). 

5) The position and widths of the giant resonances are de
termined by the fragmentation of one-phonon states-*). 

The most reliable nuclear properties are determined by the 
behaviour of a few-quasiparticle components of their wave func
tions. The information on many-quasiparticle components, except 
for the high-spin states, is very scarce. A subsequent step is 
to study the main regularities of the fragmentation of many-
quasiparticle components of the excited state wave functions. 
1) V.G.Soloviev, Nucleonika 2J3 (1978) 1149 
2) V.G.Soloviev, Ch.Stoyanov, A.I.Vdovin, Nucl.Phys. A 

(in press). Preprint JINR P4-12992, Dubna, 1979 
3) V.V.Voronov, V.G.Soloviev, O.Stoyanova.Yad.Fiz. 21 (1980)327 
4) V.G.Soloviev, Ch.Stoyanov, V.V.Voronov, Nucl.Phys. A304 

(1978) 503 
5) V.G.Soloviev, A.I.Vdovin, Proc.Conf. on Large Amplitude 

Collective Nuclear Motions, Keszthely-Hungary, p.131, 1979 
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THE SPREADING WIDTHS OF GIANT RESONANCES 

P.F . Bortignon 

Istituto di Fisica dell'Universita G. Galilei, Padova, Italy 
INFN, Laboratori Nazionali di Ijegnaro, Italy 

The giant resonances are quite broad, showing a full width half maximum 
r of 2-10 MeV 1 ! . To lowest order, the giant modes can be described in the 
Random Phase Approximation, that is as a linear combination of 1 particle-1 
hole (lp-lh) excitations on a correlated ground state. In these RPA calcula
tions the continuous spectrum can be included, to study the particle escape 
widths of the giant resonances. To obtain the spreading width, we have to in
clude the coupling of the RPA state to the (2p-2h) excitations. We are 2' main_ 
ly considering one type of (2p-2h) states, allowing one (lp-lh) to be all RPA 
collective and non-collective roots associated with the isoscalar normal pari
ty vibrations of different multipolarity. In this scheme, we are calculating 
the strength functions of the giant resonances in different nuclei, that is in 
2 0 8 P b , 1 2"sn, 9 0Zr, "*°Ca and l e O . For each nucleus, we start from a Hartree-
-Fock single-particle field obtained with the Skyrme 3 force and then we de
termine the properties of the low-lying collective states and of the giant re 
sonances in the RPA. The strength of the residual (lp-lh) separable interaction 
we use, is chosen to bring the isoscalar dipole state at zero energy ' . Three 
leading terms contribute to the square of the matrix elements coupling the 
RPA giant vibrations to the above discussed (2p-2h) excitations. Two terms re
present the processes in which either the particle or the hole of the (lp-lh) 
components of the giant modes is damped by bouncing inelastically off the nu
clear surface, exciting a surface vibration. They are related to the spreading 
widths of the particle and of the hole, but they have to be calculated with 
the appropriate energy-dependence. The third term describes the exchange of a 
vibration between the particle and the hole. In the case of the exchange of an 
isoscalar normal parity vibration of multipolarity A this term tends to reduce 
the coupling '. In fact, the intermediate phonon samples the X-multipole mo
ment of the particle and of the hole. For collective states like the giant re
sonances, they are opposite in sign, the resulting static value being small. 
The centrolds and the standard deviations a of the calculated strength func-
tionscan be compared with tlie experimental data for the excitation energy and 
T. Actually, it is not obvious how to compare o with T, only for a gaussian 
shape being I*=2.36 a.The calculated value in MeV of o for the giant quadrupole 
resonances are equal to 1.16 ( 2 D 8Pb),1.7 ( I 2 0Sn), 2.08 ( 9 0Zr), 1.95 ('•"ca) , 
2.8 ( O) , the experimental values of T being respectively 7.6, 4.0, 4,0, 3.5 
and 7.5 (±0.5) MeV. For the giant monopole states, the values of o are 0.7 in 
2 0 8 P b and 1.4 in 9 0Zr, the experimental widths being of the order of 3 HeV. 
For the giant octupole in z 0 8 P b , we obtained a=2.14 HeV. The calculations for 
the giant dirole states are in progress. The calculated values for the centr-
oids will be discussed in 2' . Owing to the strong coupling associated with the 
low-lying collective excitations like the octupole states, a structure seems 
to be present in the strength functions, which should have consequences in the 
relative population of final states after particle emission. 

1. F. Bertrand, Ann. Rev. Nucl. Sci. 26_ (1976) 457; 
2. G.F. Bertsch, P.F. Bortignon, R.A. Broglia and C.H. Dasso, Phys. Lett. 80B 

(1979) 161 and references therein, 
G.F. Bertsch, P.F. Bortignon and R.A. Broglia, to be published. 
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DYNAMICAL THEORY OF VIBRATION* 

Li Chu-hsia+ and V. Klemt + + 

S.U.N.Y. at Stony Brook, Stony Brook, N.Y. 11794 
A dynamical theory of vibration has been proposed-*-) which points out the 

coupling of particles to vibrations and the coupling of vibrations to 
vibrations leads to lu-dependent effects which are extremely important for 
understanding of vibrations. These u-dependent effects directly imply that 
the single particle strengths will be split up leaving the spectroscopic 
factors of states substantially less than unity, which is easy to see from 
the relations _r , . 

z = { i - - ^ — U - E r 1 , 

j U v ^ , |„ .. V\> 12,1 V v |2 . and ; = I (1-n ,) — - + n , — - — ; — } . 3ui . ' v u-E ,-€ ' ' v ui-E ,+E ' v u v' n v' u 
In this work we calculate the spectroscupic factors of z 0 S P b ± 1 nuclei. In 
addition to a zero-range interaction of the type used in Fermi-liquid theory, 
we employ the one-pion and one-rho meson exchange potential. The former is 
to take care of the long-range part of the effective interaction, and the 
latter is for convenience, since it cuts off the pion-exchange potential. We 
calculate the contributions from 0 +,l-,l +,2-,2 +,3-,4 _,A +,5~,6 +,7 _,8 + states, 
respectively. The results of RPA calculations are in good agreement with 
empirical energies, also the transition strengths. The correction for double 
counting is considered. The spectroscopic factors of the states near Fermi 
surface in average are 0.66 for protons, 0.72 for neutrons. This indicates 
that the states near Fermi surface are far from pure single particle states. 
We compare the contributions from collective and non-collective states. The 
results show that the low lying collective states play much important role 
than non-collective states in reducing spectroscopic factors. The effect of 
meson exchange part in interaction is discussed also. Our results are 
roughly in agreement with the experimental results on spectroscopic factors. 

Table. The spectrosc opic factors 
proton 3 pi/2 3 P3/2 2 f5/2 U 1 3 / 2 2 f7/2 l h9/2 

.31 .45 .50 .59 .68 .81 
3S1.'Z 2 d3/2 l hll/2 2 d5/2 l g 7 / 2 

.84 .85 .68 .69 .65 
leutron ^d_,_ 2*7/2 4 Sl/2 3 d 5 / 2 l j15/2 Ull/2 2 g9/2 

•80 •73 •87 -86 •61 •77 •81 
3 Pl/2 2 f5/2 3 P3/2 l i13/2 2 f7/2 l h9/2 
•88 -81 -83 -71 .62 -63 

•Supported in part by USDOE Contract No. DE-AC02-76 ER13001 
Institute of Atomic Energy, Academia Sinica, Bejing 

+ +Permanent Address: Institut fur Kernphysik, KFA Julich, D-5170 Julich, 
West Germany. 

1) G.E. Brown, J.S. Dehesa and J. Speth, Nucl. Phys. A330 (1979) 290. 
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ON THE QUASIPARTICLE-PHONON INTERACTION EFFECT UPON 
M1 RESONANCE PROBABILITY AND QUASIPARTICLE EFFECTIVE 

MASS. ESTIMATES FOR 208pb 
S.P.Karaerdzhiev, V.N.Tkachev, V.I.Tselyaev 

Institute of Physics and Power Engineering, Obninsk,USSR 
If we restrict ourselves to taking into account the second 

order effects in quasiparticle-phonon interaction the amplitude 
M 0s of the ground into excited state transition induced by the external field V° is 

(1) -8K «v<3^ + -<£W-<^ + -c>' + -<5^ 
Here graph $-=-<£ describes the quasiparticle-phonon interaction, 
the triangle is the amplitude of the transition of 1p1h pair 
into the excited state 5 , which is considered in our approxi
mation within the framework of the Migdal theory 2 ) . <phe first term <V°)f corresponds to the usual RPA but the lines in eq. 
(1) correspond to the single-particle Green function G-j wi
thout taking into account coupling to the phonons. The quasipar-
ticle effective mass which is contained in G< and particularly 
in the MGR formulae is '> 

(m/m*),= (a,/ay(m/m*) - u,-Zm-dM/dpz 

where a = (l-lZ/ZSr)"' , Cl7 = a~'+ dM/dSr 

Am'w/m 

itfm) 

(2) 
and 

m*/tf]^i is the "old" empirical effective mass. We take the 
mass operator M as M=-6^i- • 
The important role of the effec
tive mass for MGR was pointed out 
in 3). 

We have approximately cal
culated the relative 0 +—•• 1 + 

transition amplitude 
<*(Oj)sM M/<V°>? at the 
energies CJ =8.3 and 7.4 MeV . 
corresponding to 1p1h levels 2 ) . 
The result is a strong redistri
bution of M1 strength as compared 
with the usual RPA. E.g. for the 
most collectivized 1 +level «JC(8.3)=0.4. 

The results for n)f{r)/fn are shown in the figure (we assu
med here Ctt=1,WI*//?1 =1 in eq.(2)). The calculated difference 
between tn}(r)/m and /?7*//W=s1 may have a significant effect 
on MGRs. 

Our rough estimates seem to signify that taking into 
account the particle-vibration coupling is important for the 
considered effects. More consistent calculation should be made 
according to ' ) . 
1. S.P.Kamerdzhiev, Pisma JETPh 30(1979) 532. 
2. A.B.Migdal, Theory of finite fermi-systems (John Wiley 

New York,1967). ' 
3. G.E.Brown, J.S.Dehesa, J.Speth, Nucl.Phys. A330 (1979) 290. 
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THE ASYMPTOTIC STRUCTURE OF GIANT MONOPOLE VIBRATIONS* 
F. E. Serr and G. F. Bertsch 

Department of Physics 
Michigan State University 

East Lansing, Michigan 48824 

Highly collective nuclear states, such as the giant mono-
pole vibration, give information on the properties of nuclear 
matter which cannot be obtained directly from the static proper
ties of finite nuclei. Such states are often described in fluid 
dynamical terms. It is also possible to cast microscopic calcu
lations in forms which give meaning to many classical continuum 
variables. The liquid drop description is commonly thought to be 
correct for such macroscopic variables, at least in the limit of 
large nuclei. However, a simple radial scaling of the wavefunc
tions also seems to give good results for the monopole in heavy 
nuclei. These two models yield quite different forms for the 
velocity field of the collective motion, especially near the sur
face. Detailed microscopic calculations of the monopole vibra
tion in 2 0 aPb give a velocity field of an intermediate forml). 
A clear determination of the motion in the large A limit, with no 
assumptions on the form of the exciting field, is important if 
monopole vibrations are to be used to specify properties of 
nuclear matter. 

We have shown that the velocity field for monopole vibra
tions of large spherical nuclear systems is neither liquid drop 
nor simple scaling. Using the RPA theory for a coherent collec
tive state, we have made variational calculations of the monopole 
velocity fields in both Fermi and Bose systems. The motion of 
the bulk of the particles is well described by the classical 
equations for the vibrations of an elastic medium. In the Fermi 
system, shear terms give results which differ distinctly from 
normal fluid values. 

There also remains the question of whether 2 0 8Pb is large 
enough to exhibit this asymptotic behavior. In the surface the 
velocity field becomes an increasing exponential. This can be 
expressed in terms of the binding energies of the ground and 
excited states. For 2 0 8Pb, this surface boundary condition masks 
the bulk behavior, giving an average behavior over the nucleus 
close to simple scaling. Thus, at least for monopole vibrations, 
zaaVb is a "small" nucleus. 
Supported in part by the NSF, grant no. PHY-7620097. 
1. J.P. Blaizot, "Nuclear Compressibilities", Physics Reports, 

to be published. 
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NUCLEAR DIPOLE STATES IN THE TRANSLATIONALLY INVARIANT MODEL 
INCLUDING CONTINUUM 

S. N. Ershov, S. A. Fayans, F. A. Gareev, N. I. Pyatov, D. I. Salamov 
Joint Institute for Nuclear Research, Dubna, USSR 

The properties of 1" excited states are investigated in the framework of 
the translationally invariant self-consistent modell) with separable effec
tive forces. The one-particle continuum was included by the method^), whereas 
in ref. 1) it was substituted by the quasi-discrete states. The energies, tran
sition charge densities, and escape-widths of narrow resonances above the 
nucleon threshold are calculated. In 208pb the calculated neutron escape-
widths of 1" states above the neutron threshold (see table) egree qualitati
vely with the experimental data3). 

E, MeV 7.45 7.55 7.66 7.87 8.02 8.12 8.63 8.79 

y„.keV 0.1 0.1 0.01 0.1 1.8 0.07 <\A 0.08 

A correct inclusion of the continuum decreases slightly the resonance energi
es and leads to some modification of the transition charge densities as com
pared with that in ref.*) (see fi^s.). Our calculations confirm the change 
of the shape of p t r with increasing the excitation tnergy that has been 
found in ref.*). Thus, the use of the same pu (for instance, of the type 
3 P ( / a c ) for different parts of the excitation spectrum may lead to essen
tial errors in calculating the form factors for the inelastic electron 
scattering. 

1. N. I. Pyatov, M. I. Baznat. Journ.Nucl.Phys. 30 (1979) 1219. 
2. E. E. Saperstein, S. A. Fayans, V. A. Khodel ."Preprint IAE-2580, Moscow, 

1976. 
3. R. J. Holt et al. Phys.Rev. C20 (1979) 93. 
4. M. I. Baznat et al. Journ.NucTTPhys. 31 (1980) 585. 
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STRUCTURE STUDY OF HIGHLY.EXCITED STATES IN 2 4Mg 
BY MICROSCOPIC 1 2 C + 1 2C MODEL 

M. Ohkubo, K. Kato, A. Tohsaki-Suzuki and H. Tanaka 
Department of Physics, Hokkaido University, 

Sapporo, Japan 060 
•Faculty of Textile Science and Technology, 

Shinshu University, Ueda, Japan 386 
The purpose of this study is to see how a microscopic 1 2 C + 

1 2C cluster model leads to a natural understanding of the molecu
lar resonant structures in 12c + 12C reactions1). 

By using a microscopic 1 2 C + 1 2 C model, we calculate energy 
spectra of 2 4Mg and analyze the structure of the levels in the 
highly excited energy region. In this model, the wave functions 
of the 1 2 C clusters are taken as (A.v)!1* = (0,4)0+,2+,4+ states 
and the relative wave function between the 1 2 C clusters are ex
panded on the Pauli allowed states which have non-zero eigen 
values of the 1 2C + 1 2 C norm kernel2). We solve cluster dynamics 
by employing the coupled channel orthogonality condition model^). 
For the interaction between the 12C clusters, we adopt the fold
ing potential4) obtained by using an effective two-nucleon 
force^), of which we adjust the strength so as to reproduce the 
2 4Mg binding energy as measured from the 1 2 C + 1 2 C threshold. 

Calculated energy spectra are shown in Fig. 1, where we mark 
the states in which spectroscopic factors and reduced width 
amplitudes are large for elastic, 
aligned single 2 + excited and 
aligned mutual 2 + excited chan
nels, with circles, triangles and 
squares, respectively. i) Energy 
levels which are dominated by the 
elastic component appear to fol
low the J(J+1) rule. The moment-
of-inertia is small compared to 
the experimental one. ii) At high 
spins (J ̂  12), the locus of the 
levels whioh contain a strong 
component cf the elastic channel 
crosses thc.t of the levels which 
contain a strong component of the 
aligned inelastic channel. This 
feature corresponds to the result 
of the band crossing model6). 

In conclusion, 1 2 C + 1 2 C mo
lecular states are obtained by the 
microscopic 1 2 C + 1 2 C model at the 
highly excited states in 2 4Mg. 
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1. E. Almgvist, D. A. Bromley, and J. A. Kuehner, Phys. Rev. 4 
(1960) 515 

2. K. Kato and H. Bando, Prog. Theor. Phys. 5_3 (1975) 692 
3. S. Saito, Prog. Theor. Phys. 4_1 (1969) 705 
4. Y. Got5 and H. Horiuchi, Prog. Theor. Phys. 62_ (1979) 644 
5. Y. Akiyama, A. Arima and T. Sebe, Nucl. Phys. A138 (1969) 273 
6. Y. Abe, Y. Kondo and T. Matsuse, Prog. Theor. Phys. 59 (1978) 
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GIANT RESONANCES IN HEAVY NUCLEI WITH THE FOURIER-BESSEL-RPA 

R. de Haro , S. Krewald, J. Speth 

Ins t l t u t fur Kernphysik 
Kernforschungsanlage JUllch 
D-5170 JUl ich, West Germany 

The Fourler-Bessel-RPA proposed by Heisenberg and Krewald , extended to 
embody the continuum, is employed to the analysis of the giant resonances. 

In th is method we Fourier-Bessel expand the t rans i t ion density, just 
2) l i ke in the model independent analysis of electron scattering , and set up 

the equations only in terms of the expansion coefficients (which are the form 
factors). 

The swiftness of the method allows to treat very large model spaces even 
for heavy nuc le i , always casting the RPA-equations in a 60-dimension system 
(to be compared with the 300x300 matrices of the usual diagonalization 
procedures), no matter how large we take our model space. 

We are then able to analyze the influence of the extent of the model 
space on the f ina l resul ts, and take i t large enough to eliminate this 
dependence, l i ke for instance one sees in the mass density for the 0 

208 transi t ion in Pb, which becomes smoother for larger model spaces, 
approaching the Tassie resul t . 

With th is exact treatment of continuum states, being able to obtain the 
decay widths of giant resonant states, we present t rans i t ion densities for 
various magic nucle i , comparing with existent results. 

Also: Ins t i tu to de Flsica, Universidade Federal do Rio de Janeiro, Brazil 
1 . J . Heisenberg, S. Krewald, KFA-JUlich Annual Report 1978 
2. J.L. Fr ia r , J.W. Negele, Adv. Nucl. Phys. vo l . 8 
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MAGNETIC DIPOLE STATES IN 5 2 C r 

A. YOKOYAMA 
Physics Laboratory, Teikyo University 

Hachioji, Tokyo, JAPAN 
and 

H. HORIE 
Department of Physics, Tokyo Institute of Technology 

Meguro-ku, Tokyo, JAPAN 
Strong Ml excitation leading to 1 + state is expected in 

doubly even fp-shell nuclei, because of the following two points. 
In these nuclei, the i-]/2 shell is almost or completely filled 
and the fs/o shell completely or almost empty, then the £7/2 "*• 
f5/2 spin-flip transition can be realized easily. Further, 
since both protons and neutrons should participate in the spin-
flip transition, they might correlate strongly to produce a 
"collective Ml state". Recently, (Y,Y) experiment was made 
and successfully located several 1 + states in ^ 2Cr[ref. 1)1, 
showing clustering of Ml strengths in the excitation energy 
region of 7-10 MeV. 

It is therefore quite interesting to carry out shell-model 
calculation in order to interpret the newly observed phenomena. 
Since the spin-flip transition plays an important role, we assume 
the (f7/2) 1 2 + (f7/2) 1 1(P3/2iPl/2,f5/2) 1 configuration for 52cr. 
For the J (f 7/2) 11t»iTiJi, j ;TJ> basis functions, both T^ = 5/2 and 
3/2 ones are included, where T = 2. Effective interactions used 
here are based upon the previous work 2' with some extension. 
The figure compares our calculated B(Ml;l +*0 +) in (n.m.) 2 with 
the experimental one as a function of excitation energies. 
Although the excitation energies turn out to be shifted up by 
about 2 MeV, the distribution of 
the Ml strengths is nicely 
reproduced. It is found that 
the spin-flip components are 
strongly fragmented among the 
levels in this energy region 
and are no longer pure. 
No collectiveness for the Ml 
states comes up theoretically. 
1) N. Kumagai et al., Nucl. 

Phys. A329(1979)205 
2) A. Yokoyama et al., Prog. 

Theor. Phys. 6£(1978)427 
and to be published 
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INELASTIC ELECTRON SCATTERING FROM 4 + STATES 
IN THE fp-SHELL NUCLEI 

A. YOKOYAMA and M. HORIIKE 

P h y s i c s L a b o r a t o r y , T e i k y o U n i v e r s i t y 
H a c h i o j i , Tokyo, JAPAN 

and 

K. OGAWA 

Institute for Nuclear Study, University of Tokyo 
Tanashi, Tokyo, JAPAN 

Inelastic electron scattering measurements made recently by 
the Sendai groupl) have indicated two different shapes for the 
C4 form factors of the 0 + •+ 4 + transitions in nuclei around 
A=56. One is the smooth inversed-U shape as shown in Figs. 1 
and 3, and the other is rather complex, as shown in Fig. 2 for 
5*>Fe, having a dip near qeff=l-4 tnr^-. The experimental results 
suggest that there might exist essential differences in the 
structure of the 0+gnd a n <^ 4+i states in these nuclei. 

We have, therefore, carried out shell-model calculations by 
assuming the Tt{f-j/2)P configurations for the N=2B isotones, 
the v (p3/2,pi/2»f5/2)n for Ni isotopes and the ir(f7/2)Pxv <P3/2» 
Pl/2»f5/2) for the N=30 isotones. Harmonic oscillator wave 
functions and constant effective charges e p = 1.3e and e n = 1.2e are used to evaluate the single-particle matrix elements. The 
solid curve in the figures is obtained by this assumption, and 
the broken curve with e n =1.4e instead of 1.2e, emphasizing the sensitivity of the effective charges on the form factors. 
It is shown that the pairing scheme wave functions are responsi
ble for the smooth inversed-D shape, while the unusual shape for 
the 0 + •+ 4 + transition in 56pe c a n be attributed to the enhanced collectivity due to the strong correlation between protons and 
neutrons in the shell-model wave functions. 
1) K. Hayakawa et al., Res.Rep. Nucl.Sci. ( Tohoku Univ. ) 1A 

(1978)1 and Y. Torizuka et al., Phys. Rev. 185(1969)1499 
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ISOVECTOR GIANT RESONANCE STATES IN LARGE NUCLEUS LIMIT 
K. Ando 

Department of Physics, Kyoto University, Kyoto 606, Japan 
A variational study is worked out with the aim of understanding IVGR 

states in the large A limit on the basis of the TDHF-theory. We follow 
the approach given by Bertsch et al. '' to construct a time-dependent wave 
function $ from the static one QW) as 

*{r,t)=exp(im€(r,t)Tz)exp((A(t)/Z)(t.V+^ti)Tz)1i.(0)(r) (1) 
and then obtain the vibrational frequency m by applying the variational 
principle. The 'velocity field" it is restricted to the form; u"=V{ji(qr) 
Ymff)) (L<K2) with q treated as a variational parameter. The choice 
o>0 yields the Tassie-type transition density, while the choice j|_(z)'=0 
(z=qR, R; nuclear radius) the hydrodynamical (HD)-one. In the large A 
limit the latter choice completely.eliminates the surface effect to give 
a motion of volume character, (tf̂ A ' . and thus is favoured. Note, how
ever, that the dynamics underlying the present approach is very different 
from the usual hydrodynamics whose basic concept is subject to a serious 
doubt in the application to nuclear GR's.2) 

By using a zero-range density-dependent force, we can explicitly 
show that the variational solution for u converges, in the large A limit, 
as: 

(<Vn)z+((l+FJ)/3*:L(z))z2 (2) 
with z given by the HD-model, where C g U H / l S , C1 (z)=4/15-8/5z Z(z 2-2), 

C 2(z)=4/15-Z4/5z 2(z 2-6), $22=2<T>/mA<r2> (fi-.'HO-frequency") and F̂ , is the 

isospin-dependnet Landau parameter in the standard convention. In terms 
of the RPA-moment m^F)^) this m z can be understood as m3(F)/m,(F) with 

F=JL(z«7R)iy^)i: . The rhs of Eq.(2) differs from the HD-fomuila, ( ia H D /n) 2 

= ( U + F Q ) / 3 ) Z 2 , by the contribution C L (z)z 2 originating from the quadrupole 

distortion of the local Fermi-surface2' introduced in $(r",t). Eq.(2) 
can be generalized to include the effect of finite-range exchange-forces 
by incorporating the Landau parameters of higher ranks as 

( U /£2) Z - ( l + 1 c)(m/m*)(( l+F^/3+C L (z)( l+F^5))z 2 , (3) 

where l-hc=(m/m*)(l+F^/3) and m* is the s.p. effective mass m*/m=l+F]/3. 
This is our asymptotic formula for IVGR frequencies. Much effort, how
ever, remains to be done jn linking this formula with IVGR states in a 
'small' nucleus such as Z 0 8 P b where the bulk behavior is s t i l l tangled 
by the surface effect.*' 

1. G. Bertsch and K. Strieker, Phys. Rev. C13 (1976) 1312. 
2. G. Holzwarth and G. Eckert, Nucl. Phys.~AT25 (1979) 1. 

B.K. Jennings and A.D. Jackson, SUNY-Preprint (1980). 
3. J . Martorell et a l . , Phys. Letters 60B (1976) 313. 
4. F.E. Serr and G.F. Bertsch, MSU-Preprint 1980/204-1. 
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SYSTEMATICS OF THE GIANT MONOPOLE RESONANCE AND NUCLEAR INCOMPRESSIBILITY* 

y . - w . L u i , D. H. Youngblood, P. Bogucki , J . D. Bronson, and U. Garg 

Cyclotron I n s t i t u t e , Texas ASM U n i v e r s i t y , Co l l ege S t a t i o n , Texas 77843 

U t i l i z i n g s m a l l angle i n e l a s t i c a lpha p a r t i c l e s c a t t e r i n g , we have 
i d e n t i f i e d t h e g i a n t monopole resonance (GMR) i n e l e v e n n u c l e i over the mass 
range 64 < A < 2 0 8 . The GMR was not o b s e r v e d i n 40ca. T n e parameters 
obta ined are summarized i n re f . 1 . The energy of the GMR can b e r e l a t e d 
d i r e c t l y t o t h e n u c l e a r i n c o m p r e s s i b i l i t y K as fo l l ows 

r Q N m 
where IQ is the root-mean-square nuclear radius and m is the nucleon mass; K A 

can be related to the incompressibility of infinite nuclear matter using the 
semietnpirical mass formula 

K = K + K ./A 1 / 3 + K ( ^ ) 2 + K^„,1 • (2) A nm surf sym A Coul 
The coefficients in equation (2) can be viewed as second derivatives with 
respect to r of corresponding coefficients in the mass equation. Unfor
tunately, the derivatives of the coefficients in the mass equation cannot be 
evaluated with sufficient accuracy to obtain meaningful estimates of Kg^f > 
Ksym ^ Knm-

The incompressibility of infinite nuclear matter and the surface and 
symmetry contributions to the incompressibility were determined from eq. (2) 
with a least-squares fit to the ejtperimentally obtained values of K a. In the 
present calculation we used twelve experimental values of K A for nuclei 
ranging from 6 4 Z n to 2 0 8 P b : two from the work of Buenerd et al. 2) and ten 
from Texas ASM. Values obtained for deformed nuclei were excluded from the 
fit. The resulting coefficients are listed in the table. If only a few 
data points are available, very different K s u r f and Kgym values can be 
obtained. Using random-phase-approximation (RPA) calculations, Blaizot et 
al.3) have extracted monopole energies and nuclear incompressibilities for 
five different effective interactions. The incompressibility coefficients 
obtained with three of the interactions are shown in the table. The values 
obtained using the interactions Bl of Brink and Boeker and Dl of Gogny agree 
with the experimental data within the errors, although Kgym is at the upper 
limit of the experimental error, while Ksym obtained with the Ska interaction 
is substantially higher than the experimental value. Data will be required 
over a wider range of nuclei to determine the coefficients more accurately. 

Coefficients of the incompressibility (MeV) 
Exp Bl Dl Ska 

K 
nm 

222± 32 190 228 263 
K 

surf 
-403±130 -300 -315 -394 

K 
sym 

-224+265 -500 -500 -610 

•Supported in part by the National Science Foundation and the Robert A. 
Welch Foundation. 
1. D. H. Youngblood, in Proc. of Giant Multipole Resonance Topical 

Conference, Oak Ridge, 1979 (to be published). 
2. M. Buenerd et al., Phys. Lett. 84_ (1979) 305. 
3. J. P. Blaizot et al., Nucl. Phys. A265 (1972) 1. 
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TWO BOLE STATE IN THE CADMIUM ISOTOPES 

G.M. Crawley, S. Gales, D. Weber and B. Zwieglinski 

Cyclotron Laboratory, Michigan State University, East Lansing, HI 4882' 
TRITON SPECTRA 

A broad peak observed in (p,t) reactions E » = 4 2 M e V ' " = 2 0 ° 
on the t i n isotopes has been tentat ively identi
fied as arising from either the pickup of two 
neutrons from deep orbits or the pickup of a 
valence neutron and a deep orbit neutron 1 ' 2 ) . 
To investigate this phenomenon further, the (p,t) 
reaction was studied on a ser ies of cadmium 
isotopes, 1 , 6 C d , 1 1 0 C d , l l 2 C d , l l H C d and , , s C d 
at 42 HeV bombarding energy using the HSU K50 
cyclotron. The experimental method was similar 
to that described in a previous publ icat ion 1 ) . 

Spectra from the five isotopes are shown 
in Fig. 1. A broad peak was observed in a l l 
cases at an excitation energy which changed 
systematically with A from 6.3 MeV in 10*Cd to 
7.7 HeV in Cd. In the two cases for which 
the same mass nuclei could be studied in boLh =j 
cadmium and t in , the excitation energy of the I 
broad peak was very similar. In addition, the ^ 
slope of the excitation energy versus A line J 
was very similar for these two isotope chains. § 

However, in the cadmium isotopes a second S 
broad feature (marked with an arrow in Fig. 1) 
was observed at a higher excitat ion energy. 
The strength of this bump i s weaker than the 
lower energy one, and i t moves to higher exci
tation energy as the A increases much more rapidly 
than does the lower energy bump. For example, 
the separation of the two features i s only 2.1 HeV 
in l 0 1 C d but is 4.4 MeV in l l l ! C d . This result 
i s not consistent with predictions of the spacing 
of deep orbits nor of their predicted variation 
with mass-'). 

The 1 0 S C d ( p , t ) l l " , C d case i s particularly 
interest ing since the broad features are at low 
enough excitat ion energy that substructures which 
possibly correspond to s ingle l e v e l s or to snail 
numbers of individual l eve l s are observed. Indi
cations of 0 strength in some of these substructures add support to the 
Argument that at least some of the strength in the f i r s t broad bump arises 
from pickup of two part ic les from deep orbits . 

j?This work was supported by the U.S. National Science Foundation. 
Permanent address: IPN, BP Nol-91406 Orsay, France. 

<»rmtL -*;rBt« 

1. G.H. Crawley, W. Benenson, D. Weber and B. Zwieglinski, Phys. Rev. 
Letters 39(1977)1451. 

2. G.H. Crawley In Structure of Medium-Heavy Nuclei 1979, ed. Demokritos 
Group, Athens (The Institute of Physics, 1980)p.l27. 

3. A. Bohr and B. Mottelson, Nuclear Structure Vol. 1 (W.A. Benjamin, 
Inc., 1979)p.239. 
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STRUCTURE OF EXCITED 0 STATES OF O 
INVESTIGATED WITH FOUR ALPHA-PARTICLE BOSON MODEL 

Y. Suzuki 
Department of Physics 
Niigata University 
Niigata 950-21 

We have investigated structure of excited 0 states of 0 
with four a-particle.boson model. This work is based oij the 
theoretical results ' that the ground and the excited 0 states 
at 6.05 and 12.05 MeV are remarkably well understood by the 1 2C 
+acluster model and that the structure of 1 Z C is well described 
by the microscopic 3 a-particle model. We therefore expect that 
an interacting four a-particle model is valid in some region 
above 15 HeV in excitation energy. This is also of interest in 
connection with a problem on whether the linear chain structure 
of 4 a-particles is realized. 

The figure shows the 0 energy surfaces of the trapezoid 
and the parallelogram configurations with the distance of the 
adjacent a-particles fixed to a common length D (the energy is 
measured from the 4 a-decay threshold). The a-a potential used 
is the Ali-Bodmer e-type. The lower parts of the figure corres
pond to the energy maps of the excited states which are obtained 
by imposing the orthogonality of the assumed configurations to 
the low-lying four 0 + states described with the tetrahedral and 
C(regular triangle)+a configurations. 

We find a local minimum around the square configuration 
with 0^3.2 fm. In addition the trapezoid and parallelogram 
structures are almost degenerate in a wide configuration space 
(110o/t6j£l65o) . This suggests the strong coupling between both 
the configurations and a possible existence of prolonged struc
ture which is not specified by a fixed geometrical shape. 

6Cf 90* 120* Btf 180* 3CT 6CT 90* 120" WO' 1«J 
0 (degree) 

1. Y.Fujiwara e t a l . Prog.Theor.Phyo. Suppl. Uo68(1980) Chap II 
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LINE BROADENING AND COULOMB-ENERGY SHIFTS OF 
THE HIGH-LYING HOLE-STATE ANALOGS 

H. Ikegami, T. Yamazaki, S. Morinobu, I . Katayama, H. Fujiwara, Y. Fujita 
H. Taketani,+ H. Adachi,+ T. Matsuzaki+ 

N. Koori,1"'" and H. Matoha++ 

Research Center for Nuclear Physics , Osaka University, Osaka, Japan 
^Department of Applied Physics, Tokyo I n s t i t u t e of Technology, Tokyo, Japan 

+ +Department of Nuclear Engineering, Kyushu University, Fukuoka, Japan 

Widths and exci ta t ion energies of the high-lying h o l e - s t a t e analogs have 
beenmeasured accurately_ -for_the r e s i d u a l n u c l e i 49,51,53^ 3 C r , 57,59,61,53 Ni, B 9 , 9 1 , 9 3 , 9 5 Z r > 91,93,95',97,99 H O j a n d 111,113,115,117,119,12l,123Sn i n o r ( t e; 
to study the isospin mixing of the T> state with the surrounding T< states and 
to study the orbit dependence of the Coulomb displacement energy. 

Using 50 or 55 HeV 
protons from the RCNP AVF *°l* !°l" 
cyclotron, deuterons from 
the (p,d) reaction were 
analyzed with the QBMDQ 
type spectrograph "RAIDEN". 
The over-all energy resolu
tion ranges from 10 to 30 
keV, depending mainly on 
the target thickness. 

At excitation energies 
corresponding to the hole-
state analogs, fine struc
tures were observed for the 
lighter isotopes of Cr and 
Ni and single broadened 
line-shapes were observed 
for the Zr, Ho, and Sn 
isotopes. As an example, 
the results for Zr and Ho 
isotopes are shown in the 
figures. Our analysis 
shows that the observed 
intrinsic widths shown in 
the upper figures consist 
of almost A-independent 
"spreading width" through 
mixing with the isovector 
monopole state and addi
tional "escape width" for 
the heavier isotopes. 
Another interesting point *s S 1 S 3 'S SI 93 19 
of the present data is the " A - - A ~ 
major-shell dependence of the Coulomb displacement energy AEc. For example, 
the plots of AEJJCJ") - AEc(l/2~) shown in the lower figures indicate distinct 
difference of AE C between fp and 1 g shell. The Coulomb displacement energies 
for the 2 P, / 2, 2 p 3 / 2 , and 1 * 5 , 2 orbits are nearly equal but are different 
from those for the 1 g 9>, orbit by 20 ~- 40 keV. It is interesting to note 
that the sign of this difference for Zr isotopes is opposite to those for Mo 
and Sn isotopes.1) 

1. H. Taketani et al., Phys. Lett. 90B (1980) 214 
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MOMENT INVERSION FOR TRITON PHOTOEFFECT+ 

R. B. Clare and J. S. Levinger 
Department of Physics 

Rensselaer Polytechnic Institute 
Troy, NY 12181 

The cross section for the triton photoeffect, <J(E Y), is calculated 1* 2) 
using a final state wave function |f> for a spin-independent Voikov potential 
with no_ exchange character. The energy weighted moments are defined by 
a = }°° a(E )EpdE. The formalism of hyperspherical harmonics (h.h.) is 
used 1' 3) to evaluate a-j, ... a 3 from sum rules and the triton's ground 
state |i>. 

We improve the accuracy of Maleki's calculation3) of a 2 and o 3 by considering a second term in the h.h. expansions of |1> and of the Voikov poten
tial. We outline a moment inversion technique1*) by assuming the cross sec
tion can be written as a series expansion of Laguerre polynomials multiplied 
by a decreasing exponential. Various model cross sections, such as SI(x) = 
x^exp(-Cx), are examined by comparing the inverted curve SO with the assumed 
cross section SI. Figure 1 shows that, for C = 1, good convergence is 
attained for 5 terms in the Laguerre series. We apply the inversion formula 
to the triton moments to obtain the cross section curve 1n F1g. 2. We com
pare with Fang's calculations2) and find that our inversion technique has 
difficulties with such a sharp-peaked curve. 

' l e i ^ tr. asr ^K tfr 
ENEBGT BB0.£ THRESHOLD 

CIGiJRE 2 

Supported 1n part by the National Science Foundation. 
1. K. Myers, K. Fang and J. S Levinger, Phys. Rev. C. 15 (1977) 4 
2. K. Fang, J. S. Levinger and M. Fabre de la Ripelle.Tnys. Rev. C. 

17 (1978) 24 
3. I T Maleki and J . S. Levinger, Phys. Rev. C 19 (1979) 2 
4. P. W. Langhoff, Electron-Molecule and PhotoiPfolecule Collisions, 

ed. Reseigno et a l . , (Plenum, New York, 1979) p. 183 
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MASS AND ENERGY DEPENDENCE OF RADIATIVE STRENGTH NEAR NEUTRON TRHESHOLD 

J. Ropecky 

Netherlands Energy Research Foundation 
1755 ZG Petten, The Netherlands 

The overall behaviour of the dipole radiative strength near the neutron 
threshold has been a subject to many studies since I960. Two available theo
retical models, i.e. the single particle (SP) and the giant-resonance models 
(GR), explicitely differ in the energy and mass dependence, usually expressed 
as r„=CE A D with empirically adjusted constant C. 

Recent study '' resulted in the currently most accurate values of C for 
different models, but they obviously suffer from fitting only one model for 
the whole mass range and moreover the structural effects, fluctuations or some 
insufficient data make a conclusion about the particular model difficult. 

Another approach in which the ratio of El and Ml reduced strengths 
(B = I YE Y

- 3) is studied, seems to be more sensitive to differentiate between 
the considered models. Presented analysis (fig. I) is primarily based on the 
resonance '' and the available thermal data, and is further divided into a 
resonance (thermal data with strongly involved resonances are also included) 
and off-resonance capture (av.<0.7 b). Errors are derived from the Porter-
Thomas distribution and only the data points with A< 100% are considered. 

Three curves reveal the 
expected values as derived , 
for (SP(El.Ml) being 0.097 
A2''3 (1), while the other 
two represent GR(EI)/SP(M1) 
with 1.4.10 - 7 A 8/ 3 plotted 
for E y - 4 and 7 Mev (2)(3), 
respectively (based on con
stants from ref. ' ) . 

Resonance data for 
A< 100 reasonably follow the 
SP estimate, which is per
haps slightly overestimated. 
Large deviations for the off-
resonance data can be attri
buted to the enhanced 
strength of the El-direct cap
ture, which manifests it-
self by large (n,y)(d,p) s 

correlations for these nuclei. Data points for masses 90<A< 170 are sig
nificantly higher than SP. 

Compared to the GR(EI)/SP(M1) prediction, the data points have an excess 
only for 90<A< 120, for which an enhancement of the El strength due to the 
valence capture may be responsible. From A> 130 both curves (3)(4) satis
factorily represent the data and since we have some extra indication else
where, that GR(E1) is dominant there, the largest uncertainty to improve 
the fit remains in a better knowledge of the Hl-strenght properties and 
the location of the Ml-giant resonance. 

rasaninci 
ott-riianinci 

1. CM. McCullagh, and R.E. Chrien, Neutron capture gamma-ray spectroscopy 
(Plenum, N.Y., 1979) p. 687 and to be published. 
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STRUCTURE OF STRONG Ml EXCITATIONS AT 15.106 NeV IN 1 3 C AND 11.24 MeV IN 
2 0Ne INVESTIGATED THROUGH ANALOG TRANSITIONS , 3 C(TT~,Y) 1 3 B (G.S.) AND 

Z 0 N e U " , Y ) 2 0 F (1.06 MeV) 

C. J . Martoff, J . A. B i s t i r l i c h , K. M. Crowe, J . P. M i l l e r , S. S. Rosenbluin, 
W. A. Zajc,* H. W. Baer,** G. Strassner * • * P. Truol• , A. H. Wapstra, 

M. K o i k e " 7 

Physics, Computer Science and Mathematics Division 
Lawrence Berkeley Laboratory 
University of California 

Berkeley, Cal i fornia 94720 

Branching rat ios for (U",-Y) measured recently at Los Alamos have 
been combined with published inelast ic electron scattering and B decay 
data to give rather model independent information on the structure of 
the giant Ml t ransi t ions in A=13 and A=20. 

The Gamow-Tel1er matrix element and the transit ion radius extracted 
from the pion capture and B decay data are in good agreement wi th the 
electron scatter ing data, assuming that the orbi ta l terms in the Ml am
plitude are unimportant. 

The structure of the A=20 t rans i t ion is shown to be quite d i f ferent . 
Comparison with the inelastic electron scattering data (the analog B decay 
has not been observed) shows that the Ml amplitude is only (40 ± 12)% 
spin f l i p . The remainder results from orb i ta l recoupling of the d^.y 
nucleons. These results are in agreement with detailed theoret ica l ' 
calculations. 

The presently available energy resolut ion (850 KeV) and s ta t i s t i cs 
of radiative pion capture spectra make th is reaction a useful probe of 
spin f l i p t rans i t ion strength in nuc le i . 

* University of California and Lawrence Berkeley LabDratory. 
••Present Address: Los Alamos Sc ient i f i c Laboratory, Los Alamos, N.M. 
* * * Present Address: Swiss Inst i tu te fo r Nuclear Research (S . I .N . ) , 

V i l l ingen, Switzerland. 
Present Address: University of Zur ich, Zurich, Switzerland. 
Present Address: Inst i tu te of Nuclear Physics Research, I .K.0, 

Amsterdam, Netherlands. 

Present Address: University of Tokyo, Tokyo, Japan 

1. S. Maripuu and B. H. Wildenthal, Phys. Let t . 36p_ (1972) 464 
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VERIFICATION OF THE AXEL-BRINK HYPOTHESIS IN DEFORMED NUCLEI 
V.Kitipova, L.A.Malov, N.Yu.Shirikova 

Joint Insti+ute for Nuclear Research, Dubna, 101000, Moscow, 
P.O.Box 79 

The highly excited states of deformed doubly even nuclei 
are investigated within the quasiparticle-phonon model taking 
into account complex configurations. The proposed treatment al
lows a direct verification of the Axel-Brink hypothesisi) on the 
structure and position of giant resonances on the excited nuc
lear states. 

The strength function of the reduced probability of E* -
transitions from the highly excited (I*K ), to the low-lying 
state (I* K) r is 

UiKiVIIfK,) 2 " 

( 1 ) 

Here <u„ and ua are the energies of one-phonon g and two-pho-
non G poles; v Q , uG„ and K g g' are the matrix elements determining the quasiparticle-phonon interaction; z = ijtr +ib/2 , where 
iu is the transition energy and A ia the averaging inter
vals). The numerator of (1) is the determinant of the matrix 
with the rank larger by unity than the rank g of the denomi
nator matrix. 

The calculations for the giant electric dipole resonance 
in the rare-earth nuclei have shown that if the final state f 
is similar (in structure) to the one-phonon state, the Axe. = 
Brink hypothesis is justified with high accuracy. In the figure 
for 156(jd the value (1) of the strength function of E1-transi
tions from the states (I" ) s =1", Ki =0 and 1 to the final 2 +2 
state (thick curve) is compared with the strength function of 
the E1-resonance reduced probability b0+-,i-(E1. v ) calculated 
taking into account anharmonicity (dashed line). The energy of 
the finite state =1.2 MeV; the main contribution to its wave 
function (-90$) is given by the lowest quadrupole phonon. It is 
seen that the ele
ctromagnetic tran
sition wave func
tion depends on 
the transition 
energy la only 
and is indepen
dent of the nuc
lear excitation 
energy. 
1) D.M.Brink, Ph. 

Doct.Th..Oxford 
Univ.,1955; 
P.Axel,Phys.Rev 
126(1962) 671 

(IjKitylljKflZ 

I Z b U y & Z ; 611 1 0 12 U 16 , , 1 8 b. MeV 
2) LTX.Malov and V.G.Soloviev , Nuc l .Phys . A270 U 9 7 6 ) 87 <tr-
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OBSERVATION OF LARGE RESONANCES IN THE B-DECAY OF "= Gd 
Richard B. Firestone 

Nuclear Science Division 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

The B-decay of nuclei far from stability is not yet well 
understood. An unusally complex B-decay scheme for l 4 5Gd to 
135 levels below 5 MeV in 1 4 5 E U was recently measured1). 
Sufficient B-decay intensity was placed (>98%) to allow a pre
cise evaluation of the B-strength distribution SB=B-intensity/ft which is plotted below in 0.2 MeV summed intervals to enhance 
the macroscopic decay structures. Strong resonances are 
observed at 1.8, 2.6, and 4.5 MeV. The lower resonances can be 
described by weak coupling of the odd &^,/2 proton to the 2\ 
and 22 + 1 4 4Sm core states. This is supported by the excitation 
energy, Y-ray decay, microscopic structure, and the total 
B-transition rate to these resonances. Also, the five 
1/2+-9/2+ couplings of the lrd5/2x2i+ configuration tentatively 
have been identified. The large resonance at 4.5 MeV represents 
72% of the total B-decay strength. A shell model calculation 
was performed indicating that 
the N>82 neutron shell opens 
at 3.9 MeV in 1 4 5Eu. This 
strong 4.5 MeV resonance may 
result from the fast 
Trhll/2 "•" ̂ n9/2 B-decay 
across the shell closure. 

These results differ 
markedly from Hardy et al's 
suggestion2) that 1 4 5Gd 
should have a constant average 
B-strength with only broad 
fluctuations. Duke et al3) 
failed to observed B-decay 
resonances near Z=82 however 
they did see a substantial 
change in the average 
B-strength near N=126. More 
recently Kratz et al4) found 

log II . 4 3 . 

p-strength Function 

for l 4 5 Gd Decoy 

log f t -5 .3 

Excitation Energy in DEu (keV) 

evidence for distinct resonances in B-delayed neutron decay 
near Z=50. The analysis of the 1 4 5 G d decay data shows clearly 
that the B-strength is dominated by strong, easily understood, 
resonance structures. 
1. R. B. Firestone, R.C. Pardo, R.A. Warner, W.H. Kelly, and 

Wm.C. McHarris, submitted to Physical Review C. 
' " Hardy, L.C. Carraz, B. Jonson and P.G. Hansen, Phys. 

Lett. 71B, (1977) 307. 
Duke, P.G. Hansen, O. B. Nielsen, G. Rudstam, 

Nucl. Phys. A 151, (1970) 609. 
4. K. L. Kratz, W. Rudolf, H. Ohm, H. Franz, M. Zendel, G. 

Herrmann, S.G. Prussin, F.M. Nuh, A.A. Shihab-Eldin, D.R. 
Slaughter, W. Halverson, and H. V. Klapdor, 
Nucl. Phys. A 2iZ' (1979) 335. 

J.C 
Phys 
C.L 
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GIANT RESONANCES AND fc-DEPENDENT OPTICAL POTENTIALS* 
M. Pignanelli , H.V. Geramb, and G. Palla 
Universitat Hamburg, Luruper Chaussee 149 

D-2ooo Hamburg 5o, W. Germany 
Microscopic optical potentials are related to the mass ope

rator or generalized optical model. Two approximation schemes 
have been followed to calculate the mass operator. One uses the 
many body Green's function equation, the other uses the pertur
bation expansion in terms of the free NN interaction and is 
known as Bruckner Hartree-Fock approach. In BHF the particle 
ladder diagram summation is essential in generating the complex 
energy and density dependent effective interaction or reaction 
matrix. The nonlocal OMP is the result of an antisyronetrized 
folding procedure with the diagonal and non diagonal single par
ticle density of the target g.s. The imaginary OMP is represen
tative for loss of flux into a homogeneous excitation spectrum. 
The nuclear structure approach emphasises the importance of 
collective states and incorporates the resummation of bubble dia
grams with intermediate states described by the RPA1'. 

Recent systematic measurements together with standard pheno-
menological OMP analyses gave evidence for inadequacies in medi
um mass nuclei. They consists in enhancements in differential . 
cross sections above 12o and projectile energies below 5o MeV 
These experiments support certain features of the nuclear struc
ture approach of the OMP. 

The kind of effects and alterations can also be deduced from 
the phenomenological 8—dependent OMP. 

In the present study the nuclear structure effects are 
identified with the strong channel coupling to known giant re
sonances (GR). Contrary to a low-lying collective state does 
channel coupling with GR severely change differential cross 
sections at large angles. These highly excited inelastic states 
are nearly closed, bear no loss of flux but redistribute elastic 

scattering events. In the figure we dis
play a comparison for the coupling of GQR 
in "Ca, when exhausting o%, 4o% and 75% of 
the linear EWSR. Coupling to the low-lying 
quadrupole state (E =- 3.9 MeV) yields 
changes which can atso be accounted for by 
slightly modified OMP. Detailed analyses to 
the experiments give a full account of the 
mass and energy dependence when using known 
GMR informations, such as centroid energies, 
widths and splittings together with smoothly 
varying BHF OMP. This establishes further 
the need for an unification of the BHF and 
the nuclear structure approach in microsco
pic OMP. 

„ „ """Supported by BMFT 06 HH 7o6 
""9cm 1)H.V. Geramb, Microscopic Optical Potential 

Lect. Notes in Phys. 89,(Springer, 1979) 
2)E. Fabrici, S. Micheletti, M. Pignanelli, F. Resmini, R. De Leo, 
G. D'Erasmo, and A. Pantaleo, Phys. C21 (198o) xxx. 

202 

«°C3 
E.nc-303 MeV 



GIANT RESONANCE EFFECTS IN PROTON ELASTIC SCATTERING 

De Leo , G.D'Erasmo E.M. Fiore , H.V. Geramb , 
S. Micheletti, A. Pantaleo , and M. Pignanelli 
Istituto di Fisica dell'Universita, Milano, 

and INFN, sezione di Milano, Italy. 
In the last year a large amount of data on proton elastic 

scattering on light nuclei have been collected to see shell 
effects and peculiar deviations from average potential results. 
An enhancement in elastic cross sections for closed shell nuclei 
has been evidenced both at forward and backward angles; the back
ward effect being relatively much larger1' . With best fit optical 
potentials (OP) cross section and polarization data for scatter
ing angles below 12o may be well reproduced together with total 
reaction cross sections. The reproduction power of the OP, how
ever, fails very often above 12o . 

In the present analysis we accumulate evidence of strong 
coupling effects between giant multipole resonances and the 
ground state. This feature can only be properly accounted for 
in coupled channel calculations with ingredients known from 
other sources. In its assumptions this analysis is free from 
newly fitted parameters. The GR informations (centroid energy, 
strength and splitting) have been taken from hadron scattering 
experiments. The essence of the here sketched treatment rests 

on coupling nearly closed channels with 
little loss of flux, at incident ener
gies below 4o MeV, yielding marked back-
angle alterations. The figure shows 
exemplaric changes from pure OP cal
culations (dashed lines) to coupled chan
nel calculations (full lines) at various 
incident energies and for. two nuclei. 
Averrage OM potentials ''2 ' were used 
with therefrom derived macroscopic tran
sition form factors to the inelastic 
channels. 

These selected examples together 
with analyses of other nuclei in wide 
energy ranges lend strong support to 
the inadequacies of standard local op
tical model description of nucleon 
scattering from light to medium nuclei. 

Permanent address: Istituto di Fisica dell'Universita, Bari,(I) 
UniversitSt Hamburg, Luruper Chaussee 149, Hamburg, W.Germany 

1. E. Fabrici, S. Micheletti, M. Pignanelli, R. De Leo, 
G. D'Erasmo, and A. Pantaleo, Phys. Rev. C21 (198o) xxx 

2. W.T.H. van Oers, and J.M. Cameron, Phys. Rev. 184 (1961)1o61 
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STUDY OF GIANT RESONANCE REGION BY INELASTIC SCATTERING 
OF INTERMEDIATE ENERGY POLARIZED PROTONS1" 

S. Kailas, P. P. Singh, A. D. Bacher, C. C. Foster, 
D. L. Friesel, P. Schwandt, and J. Wiggins 

Indiana University Cyclotron Facility 
Bloomington, Indiana 47405 

Differential cross sections o(6) and analyzing powers A(6) have been 
measured for transitions leading to the giant resonance (GR) region and low-
lying bound states of 9 2Zr and l z 0 S n through inelastic proton scattering 
using the 104 MeV polarized proton beam from IUCF. It was expected that a 
simultaneous measurement of 0(6) and A(6) allows one to determine more re
liably the strengths of L=0 and L=Z transitions and put more stringent limits 
on the presence of higher multipoles. The scattered protons were detected 
using a AE-E telescope consisting of intrinsic Ge detectors. The data were 
measured in 2° steps from 10° to 30° for 9 zZr target. For 1 2 0 S n , the mea
surements covered the angular range 14° to 26° in 3° steps. The cross sec
tions and analyzing powers for the GR in both the cases have been extracted 
following the conventional procedure of subtracting out a smooth underlying 
continuum background. Standard DWBA calculations using the Oak Ridge form 
of deformed spin orbit coupling have been carried out to determine the sum 
rules for the various L values exhausted in the GR region. We have assumed 
100% GDR and have extracted the %EWSR for other L values by simultaneously 
fitting o(9) and A(9). The results for Zr are tabulated below and are com
pared with other measurements. 

Reaction E (MeV) L=Q 2 4 Reference 
(a,a') 129 90 66 _ 1) 
(P.P') 60 60 60 - 2) 
(P\p') 58 - 18 16 3) 
(?,p') 104 80 16 6 present work 

It is found that for Zr target, the present work agrees well with refs. 1)2) 
for L=0 strength and is in good accord with ref. " f o r L = 2 and 4 strengths. 
For 1 2"Sn, our preliminary results agree with ref. 2) f o r L=O strength. The 
L=2 strength extracted is small, in agreement with ref. * ) . Some evidence 
for presence of a few percent of L=4 strength was observed. In view of the 
known dissimilarities In radial behaviors of the exact hadronic transition 
operator and the equivalent electromagnetic transition operator used in DWBA 
calculations, the present result and the differences observed can be con
sidered reasonable. 

1) C M . Rozsa et al., Phys. Rev. (to be published). 
2) F.E. Bertrand et al., Phys. Lett. 80B (1979) 198. 
3) P. Martin et al., Nucl. Phys. A315 (1979) 291. 
4) N. Marty et al., Nucl. Phys. A238 (1975) 93. 
^Work supported in part by the National Science Foundation 
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GIANT RESONANCE STUDIES WITH 800 MEV PROTONS' 

A. Carey, W. D. Cornelius, N. J . DiGiacomo, & J. M. 
Los Alamos Scient i f ic Laboratory 

University of Cali fornia 
Los Alamos, New Mexico 87545 

G. S. Adams 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

J. B. McClelland, G. Pauletta, & C. Whitten 
University of California at Los Angeles 

Los Angeles, California 90024 
M. Gazzaly & N. Hintz 
University of Minnesota 

Minneapolis, Minnesota 55455 

Moss 

C. Glashausser 
Rutgers University 

New Brunswick, New Oersey 08903 

2000. -

1000. 

Ca(p,p')Ca 
T„.BOOMeV 

We have studied the exi 
i n 1 6 0 , 4 0 Ca, 1 1 6 Sn and Z 0 8 P b with 800 MeV protons usinq the Hiqh Resolution 
Spectrometer at LAMPF. The 
measurements covered the lab 
anqular ranqe from 8i=2.5° to ^ooa 
9^=9.5°, which includes the 
f i r s t maxima for multipole exc i t 
ations with £ = 2 through I = 4 3000 .̂ 
fa r a l l targets employed excepts 
1 6 0 . Near the f i r s t maximum | 
of the giant quadrupole reso
nance (GQR) we observed an 
excellent 2:1 peak-to-contin
uum ra t io (See f igure) . Also 
the continuum shape for a l l 
targets appears to be consistent 
with a dominance of quasi-elast ic 
nucleon knockout. 

The appearance of the GQR in 
800 MeV proton spectra is consid
erably di f ferent from that obtained with 100-150 MeV alpha part ic les. E.g., 
i n 4 0 Ca(a ,o ' ) the peak at 18 MeV of excitation has been interpreted as the 
GQR. The 800 MeV '°Ca(p,p ' ) data, on the other hand, suggest a much broader 
and rather more fragmented d is t r ibut ion of I = 2 strength. 

The very favorable peak-to-continuum rat io that we observed encouraged 
us to search for the elusive high-energy octupole resonance (HEOR); t h i s 
resonance has been predicted to contain about 75% o f the E3 energy-weighted 
sum ru le . Preliminary analysis of the (p,p ' ) exci tat ion spectra indicates a 
broad structure with J. = 3 centered at approximately 110A" 1 ' 3 MeV and roughly 
8-10 MeV wide for 1 1 6 S n and 5-6 MeV wide for Z 0 8 P b . Because of i t s large 
exci tat ion energy and consequent large width i t is unl ikely that such a 
resonance would be observable with 100-150 MeV alpha par t ic les . 

'Work supported in part by U.S. DOE and U.S. N a t ' l . Science Foundation. 
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EXCITATION OF E=2 STRENGHT IN 1 2 C VIA THE 1 2C(pp',a) 8Be REACTION 
G.D'Erasmo S.Micheletti , A.Pantaleo 
f i s t , di Fisica del l 'Univers i ta and INFN, Sez. di Milano, Italy 
•1st. di Fisica del l 'Universita and INFN, Sez. di Bari, Italy 

Widely differing amounts of E2 strenght have been reported from various 
12 experiments on C in the 20-30 MeV energy range; a particularly low value 

has been found in a ((Xa!,a) correlation experiment . This las t result and 
2) the strenght found in proton i n e l a s t i c data support the conjecture that 

protons exc i te predominantly isovector resonances in contrast with recent 
3) 

experimental evidence for other l i gh t nucle i . We have carried out a corre
lation experiment measuring the decay alpha particles from groups excited in 
proton i n e l a s t i c scattering at 44.2 MeV. No background has been subtracted 
since quasifree processes are neglegible in our kinematic conditions. Prac
t i c a l l y a l l the isoscalar strenght i s detected since alpha decay i s predomi
nant in l ight nucle i . A remarkable correspondence i s found between the struc
tures observed above 20 MeV exc i tat ion in (& a\a) and the present (pp'.or) 
spectra while other peaks are present at lower energies. Angular correlation 
f i t s for the main high energy groups show an L=2 character, while cross sec

t ions are an order of magnitude lower than 
for alpha exci tat ion. 1 

i 

nC(p.p-.oc 0) 8Be 0 , 
Ep-44.2 MeV 

8^-25"; 25" * 8 _ *145° 

tf 
"Ctap-.od'Be,,.,. 

ED»442MtiV 

e„ -a' 
Euc-20.95-2266MgV 
— — OWBA 1 - 2 

10 E-

1. H.Riedesel, K.T.Knopfle, H.Breuer, P.Doll, G.Mairle, G.J.Wagner, Phys. 
Rev. Let t . 41 (1978) 377 

2. M.Buenerd, P.Martin, P.De Santignon, J.M.Loiseaux, Kucl.Phys.A286(1977) 377 
3 . K. van der Borg, M.N.Harakeh, A. van der Woude, F.E.Bertrand.Groningen 

report KVI-219 (1980) 
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GIANT RESONANCES OBSERVED IN IHE 1 1 2. 1 2*Sn(p,n) 1 1 2» 1 2 4Sb REACTIONS 

E. Sugarbaker*, D. E. Bainumb, C. C. FosterC, D. J. Horend, C. Gaarde e, 
C. D. Goodmanc, C. A. GouldinBf, H. Greenfield1, T. Masterson3, J. RapaportS 

aUniversity of Colorado, Boulder, Colorado 80309 
"Emporia State University, Emporia, Kansas 66801 
cUniversity of Indiana, Bloomington, Indiana 47401 
d0ak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
®Niels Bohr Institute, Copenhagen, Denmark 
^Florida A and M University, Tallahassee, Florida 32307 
gOhio University, Athens, Ohio 45701 

The (p,n) reaction at Ep>100 MeV is increasingly sensitive to the spin-
isospin terms in the effective interaction. As such it is an excellent tool 
for distinguishing between Gamow-Teller (GT) and Fermi transitions. The 
112,124 S n( p j n)112,124 s b r e a c t i o n 8 t, a v e therefore been studied at Ep=120 and 
200 MeV. Data were obtained with the IUCF beam swinger facility using 60 
to 70 m neutron flight paths. 

The forward angle spectra at E„=120 MeV are characterized by two AH=0 
transitions. The strength and excitation energy of the lower level identify 
it 9f,Khe Fermi transition to the g.s. IAS. The peak 3 (1) MeV above the IAS 
<« 1 1 2 m , /124a<_\ <_ _ m i _ „ _ „ „ _ _ „ _ „ | t - h pre in "'Sb ( l"Sb) is a GT resonance with I*(FWHM)=4.5 MeV. The figure shows 
that at E_=200 MeV the GT dominates the 0° spectra. Indeed the ratio of the 
0° cross sections for this peak relative to that for the IAS increases by a 
factor of 4.0+0.6 from 120 to 200 MeV, in qualitative agreement with the GT 
predictions of Lovel). 

A striking feature of the 200 MeV 
data is the presence of a giant reso
nance (r=13 MeV) centered about 10.1 
(7.3) MeV above the g.s. IAS in U ^ S b 
C Sb). Its angular distribution 
appears to be sharply peaked near 5°, 
suggestive of a AS,=1 transition. Al
though populated weakly at 120 MeV, this 
resonance is enhanced at higher E„ and 
thus, as in the case of the GT, probably 
involves a spin-flip. This A M , AS=1 
resonance could have a spin ranging from 
0" to 2~, but we suggest that it is a 
1", T Q-1 resonance. At present this 
tentative spin assignment is only sup
ported by energetics. Using a AT 
splitting of 50(N-Z)/A, the observed 
excitation energies are within 1 MeV of 
the expected values for a T0-l member 
of an isospin multiplet based on the 
GDR in the Sn targets. Details of this 
calculation are presented in another 
contribution CO this conference. 

o O 

1. (P.n) W. G. Love, Proc. Conf. on the 
Reaction and Nucleon-Nucleon 
Forces, Telluride, Colorado, 1979, 
to be published 20.0 12.0 0.0 

E x(MeV) 
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FISSION DECAY OF THE GIANT QUADRUPOLE RESONANCE (GQR) In 2 3 8 U 

E. E. Gross, J. R. Beene, C. E. Bemis, Jr., F. E. Bertrand, 
D. J. Horen, J. R. Wu 

Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 37830 

and 

W. P. Jones 
Indiana University 4 , 

Bloomington, Indiana 47405 

We have measured the f ission probabi l i ty of 2 3 8 U excited by 152 MeV 
a-part ic le inelast ic scattering. The excitat ion region studied extended from 
threshold to 30 MeV. Alpha part ic les scattered from an 800 jig/cm2 Z 3 8 U f o i l 
at 11.5° lab [a maximum in the giant quadrupole resonance (GQR) angular 
d is t r ibu t ion ] and at 17.5° lab [a GQR minimum] were detected in AE(3500p), 
E(5000p)Si surface barrier telescopes. Both telescopes subtended angles of 
1° hor izontal ly and l" ve r t i ca l l y . Coincident f iss ion fragments were 
detected in position-sensitive gas proportional counters. One fragment 
detector was centered on the 2 3 8 U recoi l direction [74° lab for a-particles 
scattered at 11.5° lab] and subtended Z5° horizontally and 1° ver t ica l ly . 
The second f iss ion fragment detector was located ant i -paral le l to the 2 3 8 u 
recoil d i rect ion and subtended a 25% larger sol id angle. 

Tr ip le coincidences between two f iss ion f rapents and inelast ica l ly 
scattered a-particles were recorded simultaneously with pre-scaled a-particle 
singles. A giant resonance peak appeared in the 11.5" lab a-singles spectrum 
located at 11.0 MeV with a width of * 5 MeV (FWHM) which we attr ibute to the 
GQR. The GQR was unobserved in the 17.5° a-s1ngles data. In the t r i p le 
coincidence a spectrum at 11.5°, we observe an enhancement of the f ission 
probabi l i ty at 10.4 MeV with a width of •»» 1.5 MeV (FWHM) while no such 
enhancement is evident in the 17.5° t r i p l e coincidence data. 

According to DWBA calculat ions, our coincidence measurements were p r i 
marily sensit ive to the K=0 component of the GQR in the deformed 2 3 8 U . 
Assuming we have located the K=0 component, we can construct the entire GQR 
structure using the prescription of Suzuki and Rowe.l With a value B2 % 0> 2 5 

for the s ta t ic quadrupole deformation of 2 3 8 U , we can then account for the 
shape and location of the GQR observed in a-singles from the shape and loca
t ion of the ident i f ied K=0 component. Accounting for the non-observed K=l 
and K=2 components in this manner,1 we f ind a f ission branch for the GQR in 
2 3 8 U of A, 20S. 

*0perated by Union Carbide Corporation under contract W-7405-eng-26 with the 
U. S. Department of Energy, 

"tyork supported in part by NSF. 
IT. Suzuki and D. J . Rowe, Nucl. Phys. A289, 461 (1977). 
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NONSTATISTICAL FEATURES OF M] TRANSITIONS NEAR NEUTRON THRESHOLD 

J. Kopecky 

Netherlands F-jergy Research Foundation 
1755 ZG Fetten, The Netherlands 

Recently the interest in Ml-neutron capture has grown, because beside 
larger transition strength than predicted also (n,y) (d,p) correlations have 
been observed. Since the direct s~s(d) capture is forbidden, Clement et al.O 
attributed the correlation to a semidirect process, in which two conditions 
have to be fulfilled for a large effect: the target nucleus has a collective 
Ml-giant resonance with energy huj and in the product nucleus bound states 
(ln=0) are available at excitations E x , such that B n-E x=< huj. These conditions 
eliminate closed-shell nuclei and mass ranges 40-80 or 130-220 (s-orbits are 
filled). 

In order to provide more experimental information on correlations for 
s-s transitions, a systematic study has been made for A< 130 (see fig. 1) and 
the following conclusions can be drawn: (i) Significant correlation is concen
trated in 5 odd targets with 25£A<35, the only exception is 9 zMo (perhaps 
1 0 2 R u too), (ii) The abrupt cut-offs of the correlation at A=25, 35 can be 
well understood. For A<25 the Ml-matrix element falls to zero, as A-* 1 60 
(ld 5/ 2 orbit is empty), while for A> 35 the 2si-final orbit is fully occupied, 
i.e. not available and the Mi-matrix element falls again to zero, as A-f^Ca 
(ld3/2 orbit is full), (iii) Large correlation found for 3 5C1 and 9 zMo, where 
resonances are strongly involved, was however difficult to explain with the 
semidirect model only and valence components had to be considered too ' ) . (iv) 
The correlation is almost absent in the mass range 80<A< 130, which is 
surprising, because the facts are similar to those in 25sA<35. 

Very recently some evidence occurred, which may help us to understand 
the last two riddles. Lane" pointed out, that strong initial correlations 
can in fact arise from the semidirect process as well and this is just im
portant to preserve the 
effect in nuclei, where re- ^ 
sonances are involved. 

Another vital informa
tion has been given in the 
dynamical theory of GDR^), 
which predicts a spreading of 
the MI strength to substan
tially higher excitations 
than previously foreseen for 
nuclei heavier than >" iso
topes. This may break the 
condition of the energy 
match for masses 80 < A < 130. 

Fig. 1. Linear 
correlation coefficient r 
vs A. Error bars represent 
rms errors based on Fisher's 
transformation. 

- Hi 1 II II I I I I ' • 
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1. C.F. Clement, A.M. Lane, and J. Kopeck/, Phys. Lett. 7J1 (1977) 10 
2. A.M. Lane, Inv, paper at Conf. on "Statistical Properties of Nuclei" 

Hvar, Yugoslavia, October 1 (1979) 
3. G.E. Brown, J.S. Dehesa, and J. Speth, Nucl. Phys. A330 (1979) 290 
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ELASTIC SCATTERING ^-NUCLEUS IN THE GIANT RESONANCE ENERGY REGI0N+ 
R. Roy, C.R. Lamontagne, R.J. Slobodrian 

Laboratoire de Physique Nucieaire, UniversitS Laval 
Cite Universitaire, Ste-Foy, P.Q., Canada G1K 7P4 

H.E. Conzett 
Nuclear Science Division, Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

J. Arvieux 
University de Grenoble., Grenoble, France 

Optical model analysis has been completed on the elastic scattering data 
of polarized protons on three nuclei, 2 l ,Mg, 2 7A1 and 3 2 S , between 13 and 27 
MeV incident energy by 2 MeV steps. The aim was to investigate for possible 
strong energy variations in the spin-orbit strength, like those observed for 
the p + z a5i system in the giant dipole resonance energy regionl). 

Similar energy variations 
have been observed in the present 
analysis. Moreover, a phase 
shift analysis has been perfor 
med on differential cross sec
tion and analysing power data. 
Starting values for the phase 
shifts were provided, at the 
lowest energy by the optical mo
del analysis code 2). One or 
more partial waves were sear
ched simultaneously. As it 
is shown on the figure for 
3 2 S , there are only small 
differences between the 
phase-shift analysis results 
(A) and the optical model 
analysis values (•). In ge
neral, no particular energy 
variations allowing reso
nance-like behaviour is 
obtained in phase shifts, 
reaching the conclusions 
of the p + 2 BSi analysis3), 
at variance with those 
from work*) on U C and 5 6Fe 
nuclei 4). 
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+Work supported in part by the USERDA, by the NSERC of Canada and by Ministt-
re de 1'Education, Quebec. 
1. C.R. Lamontagne U at., Phys. Lett. 45B (1973) 465. 
2. MAGALI, J. RaynaTTRapport DPL-T/69-42, Saclay (1969). 
3. C.R. Lamontagne vt aZ,, Z. Physik (in press). 
4. H.R. Weller et al., Phys. Rev. Lett. 33 (1974) 657 and Phys. Rev. C13 

(1976) 1055." 
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DETERMINATION OF THE SPIN OF DEEP HOLE STATES OBSERVED IN (p,d) REACTIONS 

J. Kasagi, G.M. Crawley, and W. Benenson 
Cyclotron Laboratory, Michigan State University, East Lansing, HI 48824 

S. Gales and E. Gerlic 
IPN, BP Nol-91406, Orsay, France 

D. Friesel and A. Bacher 
IUCF, Indiana University, Bloomington, IN 47405 

Studies of deep bole states by s ingle nucleon transfer reactions are 
limited by the fact that the angular distr ibut ions in general determine only 
the J, of the transferred particle but not the J. However Distorted Have 
calculations of the analysing power in (p,d) reactions using polarized protons 
imply that these analysing powers should be a very good signature of the 
J of the f inal s t a t e . Measurements of the (p,d) reaction at 90 HeV on a 
ser ies of Sn isotopes showed that the deep hole states near 5 and 8 MeV 
excitat ion energy, were strongly exc i ted ' ) . 

The analyzing power has therefore been measured for the (p,d) reaction 
on targets of '°Zr, 1 Z 0 S n and 2 0 8 P b using the 90 MeV polarized proton beam 
from the Indiana University Cyclotron. The spin direction was flipped auto
matically every minute during the data taking runs. Two detector telescopes 
were used each consist ing of a Si and Ge detector. 

Measurements of the analyzing power (Ay) versus angle for a number of 
" 5Zr 

MSUX-80-177 
I 

Ay 
0.6 

I 2 0 c , - , J J I 9 C Srup.d) Sn 

E x = 4 .3~6 .6MeV 

low lying states and for the higher lying structure have been made in 
and Sn. These measure- MSUX-
aents show clearly that the 
Ay's are out of phase for 
the two low lying Jt=l s tates 
in " 9 Zr, one of J 1 1 =1/2 
(0.595 HeV) and the other 
with J" =3/2~ (1.1 HeV). 
Host of the measured Ay's 
are posit ive with the excep
tion of the 1.46 Hev 5/2" 
state in , 9 Z r where Ay i s 
negative for angles forward 
of 20°. A plot of Ay for 
the broad structure near 
5 HeV excitation energy in 
I 1 9 S n i s shown in Fig. 1 
together with a so l id l i n e 
which represents the shape 
of the empirical Ay observed 
for the ground state of 8 9 Z r 
with a known J" of 9/2 . 
The agreement of the two 
measurements provides the 
f i r s t experimental evidence 
for the J of the deep hole 

0.4 

0.2 

state observed 
+, 

in 119 Sn. 0.0 
|

9 0 Zr (p ,d ) fZ r (9 /2+) 

This work was supported by the U.S. 
0 20 40 
National Science Foundation. 9 60 

l . 6.H. Crawley in Structure of Medium-Heavy Nuclei 1979, ed. 
Group, Athens (The Institute of Physics, 1980)p.127. 

Demokritos 
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CORRELATION OF NEUTRON MULTIPLICITY AM) PROTONS 
FOLLOWING INTERACTION OF n o MI™ u PARTICLES WITH HEAVY NUCLEI 

T . S h i b a t a , K. Okada, K. Maeda*, H. S a k a i t ' and H. E j i r i 
D e p t . P h y s i c s , and +RCNP, Osaka Univ . Osaka 560 

Highly e x c i t e d n u c l e i p r o d u c e d b y medium energy ( -100 MeV) l i g h t i o n 
bombardment d e e x c i t e t o a l a r g e e x t e n t by e m i t t i n g p r o t o n s and n e u t r o n s a t 
t h e p r e - e q u i l i b r i u m (PEQJ s t a g e . The n e u t r o n m u l t i p l i c i t y i s a s e n s i t i v e 
probe f o r t h e PEQ d e e x c i t a t i o n p r o c e s s . We s t u d i e d t h e p r e - e q u i l i b r i u m 
p r o c e s s of t h e ( a , pxny) r e a c t i o n b y m e a s u r i n g t h e n e u t r o n m u l t i p l i c i t y 
d i s t r i b u t i o n M ^ x ) i n c o i n c i d e n c e w i t h t h e decay ing p r o t o n s . TypJ.cal deformed 

? Ho n u c l e i w e r e bombarded by 109 MeV a l p h a s . The M n f o r t h e ( a , pxny) 
r e a c t i o n was o b t a i n e d by m e a s u r i n g d i s c r e t e -y-rays of - L ° ° _ x E r n u c l e i i n 
c o i n c i d e n c e w i t h t h e d e c a y i n g p r o t o n s . The M n ga t ed by t h e f o r w a r d p r o t o n s 
does e x t e n d much t o w a r d t o t h e low m u l t i p l i c i t y ( p r e - e q u i l i b r i u m s i d e ) t h a n 
t h o s e by t h e backward p r o t o n s w i t h t h e same e x c i t a t i o n e n e r g y , ( s e e F i g . ) . 
T h i s i s e x p l a i n e d i n t e rms t h e e x c i t o n number as f o l l o w s . The fo rward p r o t o n s 
from t h e ( a , p ) r e a c t i o n a r e e m i t t e d a t an e a r l y s t a g e of t h e doo r way a f t e r a 
few c o l l i s i o n , l e a v i n g h i g h l y e x c i t e d n u c l e i w i th a few e x c i t o n s . Th i s decays 
by e m i t t i n g f a s t n e u t r o n s a t t h e p r e - e q u i l i b r i u m s t a g e , and c o n t r i b u t e t o t h e 
low n e u t r o n m u l t i p l i c i t y p r o c e s s . The backward p r o t o n e m i s s i o n from t h e ( a , p ) 
r e a c t i o n f o l l o w s many n u c l e o n - n u c l e o n c o l l i s i o n and r e s u l t s i n t h e l a r g e 
number of e x c i t o n s . Then i t i s l i k e l y 
t o g e t e q u i l i b r i u m and decays by 
e v a p o r a t i n g many s low n e u t r o n s ( h i g h 
m u l t i p l i c i t y ) . T h e s e f e a t u r e s a r e 
i l l u s t r a t e d b y t h e e x c i t o n model f i t 
( F i g . ) . 

I n s h o r t t h e n e u t r o n m u l t i p l i c i t y 
f o r t h e ( a , pxny ) r e a c t i o n measured by 
t h e d i s c r e t e y - p r o t o n c o i n c i d e n c e 
p r o v i d e s a u s e f u l p r o b e f o r s t u d y i n g 
t h e p r o p e r t y of t h e h i g h l y e x c i t e d p r e -
e q u i l i b r i u m s t a g e which does depend on 
t h e p r o t o n a n g l e s . 

F i g . N e u t r o n m u l t i p l i c i t y d i s t r i b u t i o n s 
o b t a i n e d i n c o i n c i d e n c e w i t h p r o t o n s w i t h 
a v e r a g e e n e r g y HL. S o l i d , d a s h e d , and 
d o t t e d l i n e s a r e c a l c u l a t i o n s b a s e d on 
t h e e x c i t o n mode l w i t h i n i t i a l e x c i t o n s 
( l t , l : U - p a r t i c l e , 1 h o l e ) , ( 5 , 2 ) , and 
( 6 , 3 ) , r e s p e c t i v e l y . 

1) H. E j i r i , e t a l . H .P . A305 (1978) 
1 6 7 , P r o c . F r a n c o J a p o n a i s C o l l . 
1979. 

* P r e s e n t a d d r e s s 
C o l l e g e of Gen. E d u c a t i o n , Tohoku U n i v . 

'"Hola.p.n) I M'*Er 
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ISOBARIC ANALOG RESONANCE EFFECTS IN POLARIZED PROTON RADIATIVE CAPTURE 

F. Saporetti 
Comitato Nazionale Energia Nucleare, Centro Studi e Ricerche 'E. ClementeV 

Bologna, Italy 
R. Guidotti 

Facolta di Ingegneria dell"Universita 
Bologna, Italy 

The direct-semidirect model so far formulated is unable to provide a de
tailed description of the observed (p,y) excitation functions in the energy 
region where the isobaric analog resonances (IAR) are located. To remove 
this.difficulty, the model is developed 1» 2) to include the IAR as intermedi
ate states in proton El radiative capture. Calculations are performed for 
the 208pb(p,Y-|)209Bi reaction in and above the giant dipole resonance (GDR) 
where the excitation of the single-neutron 2gg/2 , 3d5/2 a n d 297/2 I A R 

takes place. Some first results z ) show satisfactory agreement with the 90° 
excitation function observed in high-resolution measurements 3). 

Here we present the results provided by the model for the additional 
IAR effects on the 90° differential cross section when the incident proton 
is polarized. Expanding in Legendre polynomials, these effects can be sim
ply expressed by 

A(90°) ou(90°) = fj. (b. ! b 3 > 

where A(9) is the analyzing power; a and a,,(6) are the integrated and 
unpolarized differential cross sections, respectively; b] and b3 are 
coefficients related to the interference between radiations of opposite par
ity involved in the reaction process. 
The figure shows the result achieved 
when the El (direct + semidirect 
via GDR and IAR) and E2 (direct + 
isoscalar and isovector semidirect) 
capture processes are taken into ac
count. From the figure we learn that 
a sign inversion in the spin up - spin 
down asymmetry at 14.92 MeV is ascrib-
able to the presence of a remarkable 
2gg/2 IAR excitation effect. More
over, the zero value of the curve at 
16.50 MeV suggests that the 90° dif
ferential cross section, owing to ex
citation of the 3d5/? IAR, should 
not show traces of polarization ef
fects. 
1. to 

sub-

F. Saporetti and R. Guidotti, 
be published in Phys. Lett. -
F. Saporetti and R. Guidotti, 
mitted to Nucl. Phys. -
K.A. Snover, J.F. Amann, W. Hering 
and P. Paul, Phys. Lett. 37B (1971) 
29. Ep(MeV) 
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PHOTONEUTRON SPECTRA IH THE REGION OF GIANT DIPOLE RESONANCE 
B.S.Ratner 

Institute for Nuclear Research 
Academy of Sciences of the USSR 

Moscow, USSR 
The analysis of experimental data on energy spectra of 

photoneutrons emitted from medium and heavy nuclei shows that 
each spectrum consists of two components! a steeply varying 
part corresponding to low-energy neutronB and a slowly drop
ping part for high energy neutrons'1'The values of statistical 
theory parameters OC and T obtained from the low-energy part of 
spectra are close to those calculated using the neutron spectra 
from the reactions with heavy particles whose energy is small 
enough to consider the compound nucleus formation predominant. 

The comparison of neutron spectra fromzfl^Bi(y,n)M8Bi, 
209Bi(n,n')209Bi andz<8Bi(p,n)2<wPo reactions indicates much high
er contribution of the doorway state decay to the continuum in 
the case of a photoneutron reaction (Fig.I). 

The dependence of photoneutron spectrum Bhape on the exci
tation energy is quite different for heavy nuclei and for se
veral nuclei in the region of A~60. An estimation of the non-
evaporated neutron fraction (p) has been performed for seve
ral values of the bremsstrahlung maximum energy E ^ . For heavy 
nuclei Bi,Au and Ta the curve p( EJI„) has a maximum near 
E * m = I 9 " 2 0 MeV(Fig.2). For medium nuclei5*Fe,s* Fe and6*Zn the 
contribution of direct neutrons increases smoothly up to 
Etfm=25-26 MeV. The value of p for these nuclei is lower than 
for heavy nuclei. It may be concluded that the cross section 
for direct photoneutron emission is shifted to a higher 
if -quanta energy with respect to the GDR. The other feature of 
the photoneutron energy spectra from medium nuclei is the pro
nounced structure in the high energy part of spectra,at least 
for nuclei with closed or nearly closed neutron and proton Ifl/. 
aVioiia. /I/B.S.Ratner.INR USSR Academy of Sciences preprint '« 

(1980). 
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ON THE DESCRIPTION OP EI GIANT RESONANCE WIDTH 
G.M.Gurevich, V.M.Mazur, M.V.Stetz 
Institute for Nuclear Research 

USSR Academy of Sciences 
Moscow II73I2, USSR 

A3 a result of systematic investigations of the electric 
dipole giant resonance (DGR) in the total photoabsorptlon 
cross section performed in various laboratories, an extensive 
experimental material is now available which allows one to 
follow an evolution of DGR parameters in a wide nuclear mass 
range. 

One of the main characteristics of DGR is its width 1 * 
Theoretical description of DGR widths and their evolution with 
the change of A have been connected with considerable diffi
culties which possibly could explain the attempts to describe 
r in the framework of a semi- phenomenological approach. The 
relationship describing DGR widths for the nuclei with vibra
tional-type spectra of low-energy excitations in I0O<A<I5O 
range was obtained in ref. * ) . An analysis of the experimental 
data was baaed on an assumption thatT=r' +&T , where damping 
width I» is connected with a coupling of the simple Iplh states 
with the states of more complicated nature (2p2h, 3p3j» etc.) 
and Al takes into account a coupling between the dipole oscil
lations and the motions of nuclear surface. 

Available experimental data on DGR made it possible to 
perform a semi-phenomenological analysis of DGR width evolution 
for nuclei with A> 150 including deformed ones. The following 
expression describing DGR widths in A>150 range was obtained 
as a result of an analysis of the experimental datat 
T = (0.0I94p.005)E^ + (I0.0+0.l6)|9+ (0.44+0.04) (E°>+)~2 (MeV). 
In this expression Ep is an energy of 0+-level of the P -
vibrational band, J* is a nuclear deformation parameter, Ed is 
a DGR maximum energy. Since the experimental values of E a ob
tained by various groups for the same nuclei show a marked 
difference the energy E, in the above expression was calculated 
using formula 2 ) 

E d = C IA- I / 3(I-e- A / Ao) + C g A " 1 7 6 ^ " ^ ^ , 
where C,. = 77.9 MeV, C 2 = 34.5 MeV and A =238. 

It should be pointed out that if we assume that damping 
width "' does not depend on energy, the following simple ex
pression could be obtained which describe quite well the be
haviour of experimental DGR widths I - * ) in a very wide A range 
(at least from A =~I00 up to~200): 

T = (3.74+0.06) + (I0.0+0.l6)jJ + (0.48+0.04) (E°j+)"2 (MeV). 
1) P.Carlos, R.Bergere, H.Beil, A.Lepretre, and A.Veyssiere, 

Nucl. Phya. A2I9 (1974) 61. 
2) B.L.Berman and S.C.Fultz, Rev. Mod. Phya. 47 (1975) 713. 
3) G.M.Gurevich, L.E.Lazareva, V.M.Mazur, G.vTsblodukhov, and 

B.A.Tulupov, Nucl. Phya. A273 (1976) 326. 
4) G.M.Gure-vich, L.E.Lazareva, V.M.Mazur, S.Yu.Merkulov, 

G.V.Solodukhov, and V.A.Tyutin, JETP Lett. 28 (1978) 157. 
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NUCLEAR STRUCTURE IN PHOTON ABSORPTION CROSS SECTIONS 

N.K. Sherman, G.M. Ewart, and C.K. Ross 

Division of Physics 
National Research Council 
Ottawa K1A 0R6 Canada 

Total absorption cross sections Cabs of Al, Ta, and Bi have been 
measured with 42 MeV bremsstrahlung and a liquid deuterium (LD2) target 
viewed by a photoneutron time of flight (TOF) detector. The giant dipole 
resonance (GDR) in each nuclear cross section <Sjj was observed 
superimposed on the atomic cross section G^. Values of O j calculated 
by Hubbell, Gimm, and Overbo fit our dala at energies below and above the 
GDR where fl"N is negligible. We obtain <T}j experimentally from «Ŝ ,bs 
- 0"z)- As reported earlier1', C"N(Ta) displays the double-humped GDR 
of a prolate nucleus agreeing with estimates W n — G " N ) from the total 
photoneutron cross section <Tn(Ta) measured by Bramblett et al. and by 
Bergere et al. The GDR of Al agrees with Ca\,a measurements by Ahrens et 
al., showing somewhat more structure. The GDR of Bi agrees with 
measurements of (J^CBi) by Young and by Harvey et al. At energies below 
the GDR where our LD2-TOF spectrometer has very good energy resolution 
(30 keV at 6 MeV), considerable structure appears in flabs^8^- The 
peaks labelled with photon energy in Figure 1 could be random clumps of 
sharp absorbing states whose spacings are comparable to their widths. 
Many weak states in 2 0 9 B i have been observed by Chapuran and Moreh in 
photon resonance scattering. Stronger peaks which correlate in energy but 
not in relative strengths with ours were reported by Laszewski and Axel in 
JT-scattering with poorer resolution. Can the peaks in <Jaba(Bi) be 
individual excited states of 2 0 9Bi7 There is structure in the 
208Pb(ir,n) cross section2' in the same range of photon energy, with 
features large enough that they might be seen in absorption. Excitation 
of closed neutron shells common to both nuclei may cause the structure in 
Oab s(Bi) as well as the dipole states in the 2u"pb(2T,n) reaction. 

1) N.K. Sherman, C.K. Ross, and K.H. Lokan, Proc. Int. Conf. on nucl. 
physics with electromagnetic interactions, Mainz, 1979, Contrib. Papers 
Volume (IUPAP, Mainz, 1979) p. 4.31. 

2) N.K. Sherman, H.M. Ferdinande, K.H. Lokan, and C.K. Ross, Phys. Rev. 
Letters 35 (1975) 1215. 

Figure 1. Measured photon 
absorption cross section 
of 2 l"Bi (dots), compared 
to the calculated atomic 
cross section (crosses). 
The photon and neutron 
separation energies B„ 
and B n are indicated. 
The nuclear absorption is 
the area between the solid 
and dashed curves. 
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INTERFERENCE EFFECTS BETWEEN E1.E2 RESONANCES IN THE iv°tdli'Pb{y,r\) REACTION 
Y.Birenbaum, Z.Berant, S.Kahane, R.Moretfand A.Wolf 

Nuclear Research Centre Negev, Beer-Sheva, Israel 
A systematic study of the (y^n) reaction in leadiisotopes is currently 

under progress at our laboratory.In a previous work we have presented expe
rimental evidence for the existence of E1-E2 interference in the Z 0 6Pb(y,n) 
reaction. This evidence was inferred from the asymmetry around 90 of the an
gular distribution of the photoneutrons. The purpose of this study is to pre-
sentresults for the z o Pb(y.n) reaction and improved theoretical calculations 
for 2».» J ,Pb(Y.n}. 

Monoenergetic (AE«20eV) photons in the energy range 7-11.4MeV were produced 
by thermal neutron capture in nickel and chromium disks placed near the core 
of the IRR-2 reactor.The photoneutrons were detected in a high resolution 3He 
detector placed on a movable arm at 20cm from the target position. Eleven an
gles were measured between 40-140. The good energy resolution (about 30keV at 
lMeV) enabled measurement of angular distributions of neuron groups leading to 
ground state and various excited states in the residual nucleus. 

In the figure we present the ai/ao coefficients of the Legendre polynomials 
the 207p D( Y t n) reaction and the previous1) results for 6Pb(Y,nj+i). for 

both cases non-zero values of aj/ao 
and 83/85 were obtained, indicating 
existence of E1-E2 and maybe also 
El-HI interference effects. The solid ( lines were obtained from calculations ; 
based on the direct-semidirect 
m o d e l ^ ) . The giant El and isoscalar 
E2 resonances were taken into account, 
the latter one exhausting the EUSR, 
while the El strength was taken from 
experiment^).The lines marked 5/2", 
1/2" correspond to calculations for 
the transitions to the ground state 
and first excited 2.3keV state in 

u b P b , which could not be resolved 
energetically. 

The calculations presented here 
for 206p[,(Y,n) are closer to the expe
rimental data than the previous ones 1. 
A possible reason is the introduction 
of complex volume form for the parti
cle-vibration coupling 5). The results 
for 207pb(y,no) follow the general 
trend predicted by the calculations, 
although more experimental data is 
needed to get more definite conclusions, 

In 

0.4 
0.2 

0 
-Q2 
-Q.4 

0.4 
02 

0 
-0.2 
-Q4 
-06 
-OB 

0.6 
0L4 
02 

0 
-Q2 
-04 
-Q6 
-OS 
- 1 . 

6 Pb( r , n 0 „) 
I I I 

^'Pblr.no) 

teH^;^\: 

10 11 12 

E r (MeV) 

1. Y.Birenbaum et al.Phys. Lett . 88B,239(1979). 
2. G.E.Brown, Nucl. Phys. 57,339(lW4). 
3. C.F.Clement et a l , NuclThys. 66,273(1965). 
4. R.R.Harvey et a l , Phys. Rev. 136~,B126(1964). 
5. M.Potokar, Phys. Le t t . 46B,345TJ973). 

tOn leave at the University of I l l i n o i s at Urbana-Champaign. 
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THE (Y,p) REACTION MECHANISM AND THE ISOSPIN SPLITTING IN THE 8 % GDR 

E. Van Camp, R. Van de Vyver, E. Kerkhove, H. Ferdinande, 
P. Van Otten, D. Ryckbosch & P. Berkvens 

Nuclear Physics Laboratory, Ghent State University 
B-9000 Gent (Belgium) 

89 The properties of the nucleus Tf were experimentally investigated by 
means of the 89Y(Y,p) 8 8Sr photonuclear reaction, in the energy region of the 
electric giant dipole resonance. 

It was possible to separate some of the reaction channels, i.e. (Y.P )• 
(Y.Pl). •••by means of the construction of an artificial monoenergetic 
photon beam, based upon the weighted sum of three consecutive bremsstrahlung 
spectra. For these channels the absolute cross section and angular distribu
tions could be determined. This detailed knowledge of the individual cross 
sections allowed us to draw conclusions about the reaction mechanism and 
about the structure properties of 8'Y. 

A lower and an upper limit for the quadrupole contribution in the (Y.Po) 
channel could be deduced as there exists a simple relationship between the 
angular distribution coefficients and the T-matrix elements. These limits 
amount to 6 % and 22 % respectively of the (AT = 0 + AT = 1) E2 energy-
weighted sum rule. 

Since the complexity of the low-lying excited states in the residual 
nucleus 8 8 S r is known, this means that these are mainly states with a proton-
hole configuration, it was possible to separate both the direct and the sta
tistical proton decay channels of the coherent dipole state. Statistical 
(Y,p) decay is small below 18 MeV and goes up to about 50 % of the total (Y,p) 
cross section at energies higher than 22 MeV. Only 25 % of the total energy-
integrated cross section up to 24 MeV 
is due to the statistical process. 

Summing the different (y,p) chan
nels allows us to obtain the total (Y.p) 
cross section which shows a clear split
ting of the dipole resonance (see fig.). 
This splitting can be explained by the 
existence of a T> collective dipole sta
te 4 MeV above the T< giant resonance. 
The latter one can be observed in the 
(Y,n) reaction because neutron decay 
from the T> resonance is isospin for
bidden. A Lorentz line with the para
meters obtained in the (Y,n) channel 
is fitted to the first maximum in the 
(Y,p) cross section, while a Lorentz 
line fitting to the second maximum 
shows that the FWHM is about 4 MeV for 
the T,, resonance, located at 21.5 MeV 
excitation energy. The ratio of the 
T> and T< dipole strengths, obtained from (Y.n) and (Y.p). has a value of 
0.12 ± 0.02 which is in agreement with the theoretical estimation of Fallie-
ros'). 

1. S. Fallieros and B. Goulard, Nucl. Phys. A147 (1970) 593 
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2 8Si(Y,p) 2 7Al AND 2 8SiCr,a) 2 4Mg REACTIONS IN THE GIANT 
DIPOLE RESONANCE REGION1" 

R. Gulbranson, L. S. Cardman, A. Doran , A. Erell , 
K. R. LIndgren + + and A. Yavin + 

Department of Physics 
University of Illinois at Urbana-Champaign 

Urbana, Illinois 61801 

Using the tagged photon beam from the MUSL-II superconducting microtron, 
the emission of protons and alphas from the giant dipole resonance of " S i 
has been measured. Silicon detectors of different thickness were used as 
both targets and detectors. The energy range covered was 15.6-22.5 MeV and 
the resolution of the incident photons was 150-200 keV. Several proton 
decay channels up to an excitation energy of 5 MeV and a emission to the 
ground state and first excited state were observed. 

For protons the decay to the "%Jr„f\, t»c.r«w aavts 
ground state dominates but consider
able strength is also observed in 
the p^, P2, P4 and P5 channels. As 
an example the partial cross sections 
for the fj.rst three states are shown 
in the figure. The a strength is an 
order of magnitude smaller and the 
two final states are almost equally 
populated. 

The partial cross sections for 
the ground state channels were com
pared with those obtained in p and a 
capture • ) . After averaging the 
data to comparable energy resolution 
the (p.Yg) a n ^ (Y.Po) cross sections 
were In agreement, but the (<X,YQ) and 
(Y»<*0) cross sections were not. 

Many peaks of intermediate struc
ture (r 300 keV) seen in the (Y,Po> 
cross section are also observed in 
the cross sections for the excited 
states. 

Comparison with Hauser-Feshbach calculations indicates that proton 
decay is predominantly direct but the alpha decay is mainly Btatisticil. 
The structual overlap between the GDR and the final states is also revealed 
from comparison of the integrated partial cross sections with spectroscopic 
factors from the (d.^He) reactions3). 

^This work was supported in part by the National Science Foundation grant 
number NSF PHY 77-27281, 
•^Permanent address: Department of Physics and Astronomy, Tel-Aviv 
University, Ramat-Aviv, Israel. 
"'"̂ Permanent address: Department of Physics, University of Lund, Lund, 
Sweden. 
1 P. R. Singh et al., Nucl. Phys. 65 (1965) 577. 
2 L. Meyer-Schutzmeister et al., Nucl. Phys. A108 (1968) 180. 
3 H. Mackh, G. Mairle and G. J. Wagner, Z. Physik ^69 (1974) 353. 
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COULOMB DISSOCIATION OF l o O 

D. L. Olson and B. L. Berman 
Lawrence Livermore Laboratory, University of Cal i forn ia , 

Livermore, Cal i fornia 94550 

D. E. Greiner, H. H. Heckman, P. J . Lindstrom, and G. D. Westfall 
Lawrence Berkeley Laboratory, University of Ca l i fo rn ia , 

Berkeley, Cal i fornia 94720 

H. J . Crawford 
University of California Space Sciences Laboratory, 

Berkeley, Cal i fornia 94720 

Measurements of fragmentation cross sections have been made with 1.69 
and 0.85 GeV/nucleon 180 project i les incident upon targets of Be, C, A l , T i , 
Cu, Sn, W, Pb, and U at the LBL Bevalac. The Coulomb dissociation cross 
sections for the reactions T + 180 -> T + 1 7 0 + n, T + 1 6 0 + 2n, and 
T + 1 7 N + p were determined and were found to agree in magnitude and Z(targel} 
dependence with predic
tions based upon the 
known photonuclear cross 
sections! and classical 
r e l a t i v i s t i c v i r tua l -
photon theory. 

Figure Caption: 
Ratios of d i f 

ferent ial ( i n momentum) 
fragmentation cross 
sections a(T,F)/a(Be,F) 
for the reaction 
1 8 0 + T - F + X at 1.69 
GeV/nucleon with target 
T and fragment F. 
Cross sections f o r 1 7 0 , v 
1 6 0 , and 17N fragments 2 

are enchanced by Coulomb.! 
dissociation for large- g 
Z targets. jjj 

o 
tThis work was supportedo 
by the U.S. Oept. of 
Energy under contract 
numbers W-7405-ENG-48 
(LLL) and W-7405-ENG-78 
(LBL) and by the 
National Aeronautics 
and Space Administration 
under Grant NGR 05-003-
513. 

1. J . G. Woodworth, K. G. 
McNeill, J . W. Jury, 
R. A. Alvarez, B. L. 
Berman, D. D. Faul, 
and P. Meyer, Phys. 
Rev. C19, 1667 (1979). 
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THE COINCIDENT ELECTROFISSION CROSS SECTION FOR U NEAR THRESHOLD 
D. H. Dowell, L. S. Cardman, P. Axel, G. Bolme and S. E. Williamson 

Nuclear Physics Laboratory 
University of Illinois 

Urbana-Champaign, Illinois 61820 
Using the 100% duty cycle electron beam from the University of Illinois 

superconducting microtron we have measured the coincident electrofission 
cross section in the region of the fission threshold and above (2 MeV < ui < 
12 MeV). Electron beam energies of 46.5 to 67.0 MeV and scattering angles of 
60° and 80° were used, yielding momentum transfers q=.35-.59 fm~l. Co
incident fission fragments were observed at 90° and 180° relative to the q 
axis by two thin (~ 500 vg/cm^), 500 msr. plastic scintillation detectors. 

The cross sections measured at q=.43fm--'- are shown in the figure as a 
function of excitation energy. The larger cross section at 180° near fission 
threshold indicates a dominance of K=0. As expected, this anisotropy dis
appears at higher excitation energies due to the statistical population of 
the K states. The solid curve in the figure is the El contribution to the 
cross section calculated from photofission data assuming an isotropic angular 
distribution and the El transition __.__,_ -r 
charge density of Pitthan et al*'. .9- ' • 
Note that electrofission is ob- G7IIMBV 
served at energies lower than 
would be implied by El alone, as 
would be expected for E0 or E2 pro
cesses. The data clearly show sub
stantial fission probability for 
multipoles other than El throughout 
the measured energy region. Given 
the limited momentum transfers in
volved this strength is most likely 
E0 and E2. The sharp decrease In 
the cross section above 6 MeV is 
due to the reduction of the fission 
branch by a factor of -3 due to 
neutron competition. The fission 
branch may continue to decrease to 
about 20%, as has been observed for 
El fission^), until energies suffi-
cent for second chance fission 
(to ~ 12.6 MeV). The energy depend
ence of the strength function for 
higher multipolarity is almost pro-

ee'60-

EXCITATION ENERGY (MeV) 

portional to the cross section above the solid line except for possible bias 
introduced by an energy dependent fission probability. The determination of 
the magnitude of this strength function will be sensitive to the radial de
pendence of the transition charge density, and require a complete analysis of 
data for all measured momentum transfers. 

This work was supported in part by the National Science Foundation under 
grant NSF PHY 77-27281. 
1. R. Pitthan, F. R. Buskirk, W. A. Houk and R. W. Moore, Phys. Rev. C21 

(1980) 28. 
2. A. Veyssiere, H. Bell, R. Bergere, P. Carlos, A. Lepretre and K. 

Kornbath, Nucl. Phys. A199 (1973) 45. 
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208PB(n,X'o) IN SIMPLE DOORWAY STATE MODELS 
Milan Potokar 

J. Stefan Institute, University E. Kardelj, 
Ljubljana, Yugoslavia 

A fully microscopic discription of the radiative nucleon 
capture as well as its inverse reaction in the GDR region requi
res a shell-model state obtained by an exact diagonalization 
with continuum included. To our knowledge such a calculation 
has not been done yet properly. All the studies of these reac
tions have relied to the analysis of experimental data within 
simple semiphenomenological doorway state models. In fact, al
most exclusively the so called direct-semidirect (DSD) model 
has been used. Only very recently an alternative simple model 
appeared, the pure-resonance model (PR)1),in a more complete 
form called the pure-semidirect (PSD) model^). 

There is an important difference in the physical view of 
the two models. While the DSD model allows partial decoupling 
of the incident (or outgoing) particle orbit from the GDR,the 
PSD (and PR) model assumes that all the dipole strength is con
centrated in the GDR. 

Of course a confrontation of theoretical predictions to 
experimental data is necessary to find ou1. which physical view 
is closer to the truth. We have calculated in all three model 
versions the excitation functions and the angular distributions 
for ^^Fb(.n,^a) reaction, which seems to be a most valuable 
case to study. Our results show, 
that a) the excitation function 
is strongly dependent on the 
strength of the imaginary term 
in the particle-yibration coup
ling interaction?) in the DSD 
model, but only moderately in 
the PSD (and PR) model, bj the 
excitation function of the PSD 
model is more asymmetric than 
the one of the PR model, c) the 
angular distribution coefficient 
a? is drastically dependent on 
the nature of the coupling in
teraction in all three approac
hes; while similar results for 
a2 emerge if strong imaginary 
coupling term is applied, a 
"shift" of few MeV toward lower energies is found for the PSD 
model if the coupling is real, d) good quality polarized neu
tron experiment is needed to get the knowledge of resonable 
limits for dipole matrix elements, and e) the latter is even 
more true for the case of quadrupole strength. 

Some of the results are shown in the Fig. 

1. F.S.Dietrich and A.K.Kerman, Phys. Rev. Lett. 43 (1979) 114 
2. M.Potokar, to be published in Phys. Lett. B (1980) 
3. M.Potokar, Phys. Lett. 46B (1973J 3̂ 6 

OHP: ROSEN, V(J q l=0 
-complex coupling 

— real coupling 
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THE ANGULAR DISTRIBUTIONS OT THE 1,EetY,p)3H AND THE 1,He(Y,n)3He 

REACTIONS BETWEEN 80 AND 150 Me7* 

J. Uegaki, L.O. Dallin and Y.M. Shin 

Accelerator Laboratory, University of Saskatchewan, Saskatoon, Canada 

C.Y. Kim 

Department of Physics, University of Calgray, Alberta, Canada 
In recent ten years, studing highly 

excited regions above GDR have been at- 20 
tracting both experimental and theoretical 
attentions because it is a source of many 
informations about nucleon-nudeon inter- ~ to 
actions with A (12 36) resonance and mesonic -v a 

effect in complex nuclei. Experimental "^ 6 
data in detail are required for the quan- — 5 
titative analysis, and the electromagnetic § ' 
interaction is one of the best probe for ~ 3 

this purpose because it is well under- m 
stood and weak. w 2 

We measured the angular dependence of [JJ 
the cross sections for the ''HeCy.p) and 0 
(Y,n) reactions for 80 < E Y < 150 MeV <-> 1 
using a bremsstrahlung beam having an end .8 
point energy of 150 MeV which was produced 6 

by the Saskatchewan Lineac. A 2.5 atm '•He 
gas target was used. Four telescope count
ers, each of which employs two transmission F:>-8*1 
type silicon surface barrier detectors and 
a pure germanium detector, with overall 
energy resolution AE/E < 1%, were used for 
the experiment simultaneously. The count
ers also permitted the identifications of 
the particles, and tritons and 3He's emit
ted by two-body breakup were detected at 
eight angles and then the data were con
verted into the (Y»P) and (Y.n) reactions. 
An NBS type P2 ionization chamber was used 
for monitoring the bremsstrahlung beam 
dose and Shiff's formula was used for the 
bremsstrahlung spectrum. The cross sec
tions obtained are monotonically decreas
ing with incleasing energy for all angles, 
and no noticeable structure was found, as 
shown in fig. 1 for 8 L A B=105°. Data 
analysis is on the way,however, prelimi
nary results of the angular distributions 
are shown in fig. 2 with the best fit 
curve by E$=QPJI (cosS) . They show strongly 
forward peak and small bump at backward 
angles for both reactions. Fig.2 

tt 
e L A B=io5-
° 'Hel r . t l 'H 
• 'He(r , r )n 
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* This work was supported in part by the Natural Sciences and Engineering 
Research Council of Canada. 
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3He capture reactions to 7Be, 1 7 F , l 8F, 1 9Ne. 2 3Mg and " 3TI 

S.H. Chew 
Nuclear Physics Laboratory, Oxford University, England 

J. Lowe, J.M. Nelson and C.E. Waltham 
Department of Physics, University of Birmingham, England 

A.R. Barnett 
Department of Physics, University of Manchester, England 

Excitation functions and angular distributions for the above 3He capture 
reactions have been studied in the range E3,, = 3 - 1 9 MeV, which covers the 
giant resonance region. A preliminary version of_some of the data was 
presented Iast year ''. 

Most excitation functions show a broad structure with a width of sev°-c' 
MeV, with narrower peaks superimposed on it. Angular distributions show 
that the capture is mainly dipole, but with a significant opposite-parity 
component. 

Shell-model calculations now in progress suggest that the giant dipole 
resonance is excited in almost all cases. However, the excitation is an 
order of magnitude weaker than in proton capture. The suggestion made in 
earlier work, that the narrower peaks can be understood on the cluster model, 
seem to be incorrect; in all cases the calculated 3He width for cluster 
states is substantially larger than the widths observed here. 

I. S.H. Chew, J. Lowe, J.M. Nelson, C.E. Waltham and A.R. Barnett. 
Proc. Int. Conf. on Nuclear Physics with Electromagnetic Interactions, 
1979, ed. H.Arenhovel and D. Drechsel, abstract 5.1 
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SELFCONSISTENT DESCRIPTION OF PHOTOABSORPTION CROSS-SECTIONS 
O. Bohigas, Nguyen Van Giai and D. Vautherin 

Division de Physique Theorique , Institut de Physique Nucleaire 
F-91406 Orsay Cedex 

We consider the integrated Dhotoabsorption cross-sections 
a . and a_2, with a = /a (ui)uPdoa=4TT2 (e2/nc) IEP+1 |<n|Dz| 0>| 2 , D z being the dipole operator ; o~\ is proportional to the ground 
state expectation value <0|Dz|0> and gives direct information on 
two-body correlations [ 1] , cr-2 is proportional to the static di
pole polarizability. The dipole strength is computed in the HF-
RPA selfconsistent scheme, using Skyrme-type interactions. The 
polarizability is also directly obtained by performing a cons
trained HF calculation. 

Results are presented in the table, together with the experi
mental values obtained by measuring either the total photoabsorp-
tion cross-sections (î O and ^°Ca) [ 2] or the photoneutron 
cross-sections (Y,yji) on 208pb 13] . In brackets we give the va
lues of a_i calculated with the HF uncorrelated ground state, 
i.e. the Tamm-Dancoff evaluation of c_i- The last column and the 
bottom line are respectively the lower bounds of 0-2 given by 
sum-rule techniques, and Migdal's estimate [4] of the polariza
bility 0-2=2ir2 (e2/hc) (R2A/40aT) where R is the sharp nuclear radius and a T is the volume symmetry energy. 

The following conclusions can be drawn : 1) General agreement 
between theory and experiment can be achieved. This provides a 
very strong indication that measurements of total photoabsorpticn 
cross-sections in light nuclei and of photoneutron cross-sections 
in heavy nuclei are consistent. 2) Dipole long range correlations 
in the ground state reduce considerably (from 25 to 40%) the 
uncorrelated values of o_x and bring them to agreement with the 
data. 3) The lower bounds of a_2 are 5-15% lower than the exact SPA values. 4) Migdal's estimation is very rough. 

a^A-^Cmb) 0 - 2 A ~ 5 / 3 (u b . MeV~l) 
Exp. P r e s e n t work 

S I I I 
Exp. SIII 

P i 
SkM[5] 

e s e n t 
Ska [6] 

work 
SII 

Ref.l7J 
SII 

1 6 o 
4°Ca 

2 0 8 p b 

0.3610.01 
0.33+0.01 

0.22 

0.33 (0.45) 

0.22 (0.33) 

5.8±0.1 
4.810.1 
2.610.2 

5.0 
.3.9 
2.6 

5.6 
4.3 
2.8 

7.7 
5.8 
3.6 

5.0 
3.8 
2.5 

4.8 
3.4 
2.1 

1.9 1.7 1.6 1.6 Migdal 

[ 1] A.M. Lane and A.Z. Mekjian, Phys. Rev. C8_ (1973) 1981. 
[2] J. Ahrens et al., Nucl. Phys. A251 (1975) 479. 
[3] A. Veyssiere et al., Nucl. Phys. A159 (1970) 561. 
[4] A.B. Migdal, Jour. Phys. USSR B (1944) 331. 
[5] H. Krivine et al., Nucl. Phys. A336 (1980) 155. 
[6] H.S. Kohler, Nucl. Phys. A258 (1976) 301. 
[7] 0.M. Brink et al., Nucl. Phys. A258 (1976) 285 ; 

E. Lipparini et al., Nuov. Cim " 42A (1977) 296. 
Laboratoire associg au C.N.R.S. 
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IS TOE DECAY OF THE GIANT El RESONANCE IN Zr STATISTICAL? 

P . M. Kurjan, G. A. F i s h e r , * J . R. Calarco and S. S . Hanna 

Department o f Physics 
S tanford U n i v e r s i t y 

S tanford , CA 94305 DSA 

The s t u d y o f two s trong El T> analogue resonances (IAR) superposed on the 
main (T„.) g i a n t El resonance (GDR) i n 9 0 Z r , by 8 9 Y ( p v , Y o ) 9 0 Z r , prov ides a means 
of de termin ing the nature of t h e decay o f the GDR. The r e g i o n o f i n t e r e s t i n 
9 0 Z r i s E x = 14-17 MeV which i n c l u d e s t h e peak of the GDR a t 1 6 . 5 MeV as w e l l 
as t h e El I A R ' S a t E x = 1 4 . 4 and 1 6 . 3 MeV. Complete angular d i s t r i b u t i o n s of 
y i e l d s and a n a l y z i n g powers have been obta ined throughout t h i s r e g i o n . 

S ince 89y has a ground s t a t e w i t h J 1 7 = 1 /2", on ly two T-matrix e l ements , 
which i n v o l v e S w j and d3/2 proton waves , are r e s p o n s i b l e f o r r a d i a t i v e cap
ture through l - d i p o l e s t a t e s . A n a l y s i s o f the angular d i s t r i b u t i o n s g i v e two 
s o l u t i o n s , one predominantly s -wave , the o ther mainly d-wave. I f the s-wave 
dominated s o l u t i o n i s pre ferred a t E x = 14 .4 MeV ( s i n c e t h i s IAR has been a s 
s i g n e d an s-wave character from e l a s t i c s c a t t e r i n g ^ and i f t h e d-wave domin
ated s o l u t i o n i s pre ferred i n t h e main p a r t o f the GDR, then a c r o s s i n g over 
o f t h e two s o l u t i o n s i s expec ted i n t h e reg ion i n between . However, the mea
surements a r e i n energy s t e p s abou*; equa l t o t h e t a r g e t t h i c k n e s s , but no such 
c r o s s i n g i s o b s e r v e d . 

A r e s o l u t i o n o f t h i s dilemma i s t o suppose t h a t a d i r e c t - s e m i d i r e c t (DSD) 
mechanism dominates the capture i n t h e main part o f the GDR ( E x — 16.5 MeV) 
but t h a t a s t a t i s t i c a l mechanism dominates around E x — 1 4 . 4 MeV. In the f o r 
mer case t h e angular c o r r e l a t i o n c o e f f i c i e n t s are 

* 0 = H 2 + Idl 2 

A 0 a 2 = - ° - 5 l d ! 2 + • /S>l|d|«>s(<j, d - $ s ) 
A Q b 2 = { l / * 5 " ) | s | | a | s i n ( i | , d - $ s ) 

which l e a d t o the d e s i r e d d-wave s o l u t i o n d i s c u s s e d above . I n the s t a t i s t i c a l 
case t h e s e e q u a t i o n s become 

< A Q > ^ | s | 2

+ j d | 2 

< V 2 > ~ " ° - 5 l d | 2 

<A Q b 2 > a o 

g i v e n t h a t t h e ampli tudes vary smoothly and t h e major s t a t i s t i c a l f l u c t u a t i o n s 
are r e s t r i c t e d t o the p h a s e s . The l a s t equat ion accounts f o r t h e r e s u l t <Apb2> 
— 0 o b s e r v e d around E x — 1 4 . 4 MeV- O p t i c a l - m o d e l e s t i m a t e s o b t a i n e d 
from ABACUS g i v e | d | 2 / ( | s | 2 + |d |^ ) S O . 3 for a s t a t i s t i c a l mechanism. This 
w o u l d a c c o u n t f o r t h e s m a l l , b u t non-zero , va lue o f A g a 2 s een i n the same 
r e g i o n . 

Thus, we can e x p l a i n t h e t r e n d s s e e n in the c o e f f i c i e n t s a^ a n d h 2 ^ w e 

assume a s t a t i s t i c a l mechanism near E x — 14 .4 MeV t h a t d e c r e a s e s t o zero near 
E x — 1 6 . 5 MeV as t h e DSD mechanism t a k e s over . This model supports the o b s e r 
v a t i o n ( i n o t h e r mass reg ions ) t h a t t h e decay o f the main p a r t o f the GDR t o 
l o w - l y i n g h o l e s t a t e s i s d e f i n i t e l y n o t s t a t i s t i c a l . 

We w i s h t o thank Frank D i e t r i c h f o r h e l p f u l d i s c u s s i o n and Mimiko Sasao 
f o r a i d i n c a r r y i n g out the c a l c u l a t i o n s . This work was supported i n part by 
t h e N a t i o n a l S c i e n c e Foundation. 
* San F r a n c i s c o S t a t e U n i v e r s i t y , San F r a n c i s c o , CA 9 4 1 3 2 , USA. 
1 J . S p e n c e r , e t a l . 1969-70 S t a n f o r d Univ. Progress Report , p . 49 . 
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A SEARCH FOR Ml EXCITATION STRENGTH IN 208pD 

USING 180° INELASTIC ELECTRON SCATTERING*-

S. Raman 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

C. P. Sargent 
Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 

R. S. Hicks, R. Lindgren, B. Parker, and G. A. Peterson 
University of Massachusetts, Amherst, Massachusetts 01003 

Theoretical estimates of the total Ml strength in 2°8Pb vary between 20 
and 50 pg, considerably in excess of the presently confirmed strength of 
approximately 8 v%. Using an effective mass argument. Brown, Oehesa, and 
Speth1) have recently suggested that much of this missing strength may be be
tween 10.5 and 12 MeV, an excitation region higher than previously predicted. 
The UMass-Bates 180" electron scattering fac i l i ty has been utilized to search 
for Mi strength up to excitation energies of 19 MeV. 

The figure shows the scattered electron spectrum for an incident beam 
energy of 50.34 MeV. Of the prominent peaks observed in the 6-8 MeV excita
tion region, only the peak at 7.48 MeV can be associated with established 1 + 

levels. This peak represents the accumulated Ml strength2) of approximately 
18 known 1 + states between 7.4 and 7.7 MeV, and provides an important test 
for the sensitivity of our measurement. 

An inspection of the 9-19 MeV excitation region in the figure reveals 
l i t t l e evidence for narrow structure comparable in magnitude to the 7.48 MeV 
Ml peak. I t is concluded that any Ml strength in this region is either very 
weak, or is spread broadly. Furthermore, no evidence is found for a 4.843 
MeV, Ml peak of strength 5.8 y 2 , as suggested by Swann3). 
+Work supported by the U.S. Department of Energy under contract with the 

Union Carbide Corp., the Mass. Inst, of Technology, and the Univ. of Mass. 
1 . G. E. Brown, J . S. Dehesa and J . Speth, Nucl. Phys. A330 (1979) 290 
2. S. Raman et a l . , Phys. Rev. Lett. 39 (1977) 598 
3. C. P. Swann, Phys. Rev. C 16 (1977T2426 

8 = 180° 

I I I I 1 I 1 I I 1 I I L 
6 8 10 12 14 16 18 

Excitation Energy (MeV) 

227 



EVIDENCE FOR INTERFERING GIANT RESONANCES IN C FROM ( e . e ' p ) 
COINCIDENCE MEASUREMENTS* 

J . R. C a l a r c o , J . A r r u d a - N e t o , ^ K. G r i f f i o e n , S . S . Hanna, 
D. Hoffmann,** R. Rand, A. S a n d o r f i , " K. Wienhard,= M. R. Y e a r i a n 

High Energy P h y s i c s L a b o r a t o r y 
S t a n f o r d U n i v e r s i t y 

S t a n f o r d , CA 94305 USA 

A v a i l a b l e i n f o r m a t i o n on g i a n t r e s o n a n c e s (GR) comes p r i m a r i l y from e l e -
t r o n s c a t t e r i n g , c a p t u r e r e a c t i o n s , and p h o t o n e u t r o n d a t a . S i n g l e s e l e c t r o n 
s c a t t e r i n g i s i n c l u s i v e ; what i s d e t e r m i n e d i s t h e dependence o f e l e c t r o m a g 
n e t i c a b s o r p t i o n on t r a n s f e r r e d momentum q and ene rgy u . C a p t u r e measurements 
p rov ide d e t a i l e d d a t a b u t on ly fo r t h e g round s t a t e decay c h a n n e l . Photoneu
t r o n measurements h a v e e i t h e r been made w i t h monochromatic p h o t o n s b u t w i th 
energy and a n g l e i n s e n s i t i v e n e u t r o n c o u n t e r s , o r w i t h b r e m s s t r a h l u n g which 
y i e l d s i n f o r m a t i o n on t h e ground s t a t e d e c a y . 

The ( e , e ' x ) r e a c t i o n p r o v i d e s a l l t h e i n f o r m a t i o n o b t a i n a b l e from c a p t u r e 
and p h o t o p r o d u c t i o n a n d , f u r t h e r m o r e , a l l o w s t h e s i m u l t a n e o u s s t u d y of a l l t h e 
a l lowed decay c h a n n e l s . Moreover , t h e f reedom of f i x i n g u w h i l e v a r y i n g q 
a l lows t h e measurement o f t h e form f a c t o r s a s s o c i a t e d w i t h d i s c r e t e f i n a l 
s t a t e s . 

We have i n i t i a t e d s t u d i e s o f t h e 1 2 C ( e , e ' p ) ' ] B r e a c t i o n u t i l i z i n g a 180° 
double f o c u s s i n g e l e c t r o n s p e c t r o m e t e r i n c o i n c i d e n c e w i t h a m u l t i - c o u n t e r 
t e l e s c o p e of s u r f a c e b a r r i e r d e t e c t o r s . Th i s sys tem used i n c o n j u n c t i o n w i t h 
t h e HEPL h i g h d u t y f a c t o r s u p e r c o n d u c t i n g e l e c t r o n a c c e l e r a t o r p e r m i t s t h e 
measurements o f c o i n c i d e n c e c r o s s s e c t i o n s w i t h a good t r u e / a c c i d e n t a l c o i n c i 
dence r a t i o . We h a v e e x t r a c t e d y i e l d s f o r GR p r o t o n decay t o t h e ground s t a t e , 
p 0 , t h e f i r s t e x c i t e d s t a t e , p J f and t h e u n r e s o l v e d second and t h i r d e x c i t e d 
s t a t e s , P j , » o f 1 : B , a t 5 p r o t o n a n g l e s f o r i n c i d e n t e l e c t r o n s o f 86 and 126 
MeV s c a t t e r e d a t 4 0 ° . 

IT 
If the GR were dominated by a single J = 1" doorway, we would expect the 

p, yield to have the same dependence on ui as that for p 0 . Instead we observe 
that the p, yield peaks near id = 24.5 MeV where the p„ yield exhibits a mini
mum, suggesting an interference. This behavior persists at both E e = 86 and 
126 MeV. At the same time, the angular correlations for both p 0 and p, be
tween (J = 22 and 25 MeV show very little fore-aft asymmetry along the direction 
of q, indicating that there is only weak interference with states of opposite 
parity, e.g. 0 +, 2 + etc. This behavior of the p1 yield relative to that for 
p 0 is clear evidence that more than one J^ = 1" doorway is important for the 
GR of 1 2 C . Furthermore, the change in the angular correlation pattern for p, 
relative, to that for p0 as the incident energy is raised suggests that the p t 

decay is associated with a stronger transverse form factor than is the p„ de
cay (which is strongly dominated by the longitudinal form factor). 

Finally, on the low u) side of the 1~ GR, a fore-aft asymmetry is observed 
characteristic of a large negative Pj(cos8) dependence while E1/E2 interfer
ence, extrapolated from the real photon point, would suggest a positive 
PjtcosO) dependence. Such a positive dependence is observed at u above the 1" 
GR. 

* This work was supported in part by the National Science Foundation. 
t Permanent address: Institute of Physics, University of Sao Paulo, Brazil. 
** Permanent address: Institut fur Kernphysik, T.H. Darmstadt, W. Germany. 
tt Present address: Brookhaven National Laboratory, Upton, New York, USA. 
§ Permanent address: University of Giessen, Giessen, W. Germany. 
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NEUTRON EMISSION AFTER HUON CAPTURE BY 1 6 Q 

T. Hozlowski*, A. Zglinski**, W. Bertl*. R. Engfer**, L. Felawka* 
E. Hermes**. W. Hesselink" *, H.P. Isaak", J. v.d. Pluym***, 
R. Powers*, A. v.d. Schaaf**, F. Schleput2**, U. Sennhauser*, 
H.K. Walter*, R.G. Winter*** 

* LHE der ETH Zurich, CH-5234 Villigen; ** Universitat Zurich, 
CH-8Q01 Zurich; *** Vrije Universiteit, NL-10B1 HV Amsterdam! 
+ also College of William and Mary, Williamsburg, VA 23185. 

For nuclear muon capture by light nuclei, the domipint role 
of isovector GOR excitations is widely accepted but incompletely 
verified. To examine the spins and the strengths of contributions 
of such states, we measured the energy spectra and n-y angular 
correlations of neutrons emitted in coincidence with y rays that 
identified final nuclear states. The experiment was done at 
S.I.N, with Nal(Tl) crystals for y detection and with NE 213 
scintillators, timed from the y *.ignals» for neutron time-of-
flight measurements. Preliminary results •ror 0 are discussed 
below. 

Only two y energies were observed, one of 5.3 MeV from the 
1/2* and/or 5/2* state of 1 5 N , ai.d one of 6.3 NeV from the 3/2" 
state of N. Figs. 1a and 1b show the coincident neutron spec
tra. The high energy data are in rough agreement with OWBA cal
culations ' (dashed lines). The low energy parts deviate sub
stantially from the DWBA results, and the enhancement in the 
2-8 FleV region of the spectrum in coincidence with the 6.3 HeV 
Y's indicates a lp-lh structure of the intermediate state. 
Fig. 2 shows the neutron energy dependence of the A2 angular 
correlation coefficient for the 6.3 MeV y transition. Excitation 
of the 1 GDR ^ N state by muon capture is expected to give ne
gative values 2) D f ft2# a n a> o u r data show this behavior. 
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1. R.A, Eramzhyan and Yu.A. Salganic, Nucl. Phys. A207 (1973) 609 
2. T. Kozlowski, Contr. to the B-th Conf. on High Energy Physics 

and Nuclear Structure, Vancouver 1979, p. 125 
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ELECTROEXCITATION OF GIANT HULTIPOLE RESONANCE IN 2 1 ,Mg 

K. I t o h f 

Saskatchewan Accelerator Laboratory, University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada S7N 0W0 

and 
T. Osawa, Y. Torizuka, T. Saito and T. Terasawa 
Laboratory of Nuclear Science, Tohoku University, 

Mikamine, Sendai, Japan 982 
Highly excited multipole resonances in 2 1 ,Hg up to 34 HeV in excitation 

energy have been investigated by inelastic electron scattering. The experi
ment was performed at Tohoku University Electron Linear Accelerator. The 
inelastic spectra were obtained by 1QQ-Z00 MeV incident electrons and at 
forward scattering angles, which span a momentum transfer range from 0.37 -
1.3 fnf 1. 

Radiatively corrected spectra have been decomposed to the dipole, quad
rupole, octupole, and higher multipole transitions using the method of least 
square. The momentum transfer dependence of the Goldbaber-Teller and Tassie 
model were used in the multipole expansion. The effects of nuclear deforma
tion on the giant resonance have been also searched by using the form factors 
of K=0,1 transitions for the dipole, and K=0,1, and 2 for the quadrupole 
resonance. These form factors were obtained by Suzuki and Rowe model. 

The giant dipole strength exhausts about 85" of the Energy-Weighted Sum 
Rule (EWSR), with a very similar shape to the (y.n) cross section. The 
prominent dipole resonances are revealed at 16.7, 17.1, 18.9 and 20.0 MeV. 
The quadrupole resonance is fragmented up to 34 HeV, and approximately twenty 
five resonances are separated in this energy region. Figure shows the quad
rupole transitions resulting from the multipole expansion. The shaded area 
indicates the envelop of the decompositions using the combinations of the 
form factors for different K- numbers. The quadrupole resonance exhausts the 
isoscalar EWSR. The present result is in fair agreement with a-scattering 
experiment1), however the present data indicates a strong mixing of octupole 
states at the same energy region. The octupole strength Is also fragmented, 
and approximately twenty octupole resonances are separated. The total 
octupole strength exhaust the isoscalar EWSR. 

EXCITATION ENERGY (MeV) 

Work supported by the Natural Sciences and Engineering Research Council. 
1. F. E. Bertrand, K. van der Borg, A. G. Drentje, M. N. Harakeh, J. van der 

PIichit and A. van der Woude, Phys. Rev. Lett. 40 (1978) 635 
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STUDY OF NUCLEAR RESPONSE TAIL BY HIGH THRESHOLD REACTIONS IN 
HUON CAPTURE 
Nimai C. Nukhopadhyay. Swiss Inst, for Nuclear Research (SIN), 
5234 Villigen; Jorg Hadermann, Federal Reactor Research Insti
tute (EIR), 5303 Wurenlingen and Paul Singer, Technion, Haifa, 
Israel. 

In processes such as muon and radiative pion capture, weak or 
electromagnetic reactions are used to transfer typically a few 
tens of MeV of energy to the nucleus. These could he useful to 
study the poorly-known ^ high-energy tail of the nuclear response 
function. 

In this contribution, we consider muon capture in complex nuc
lei, and show that the study of specific reaction channels, with 
high thresholds, can be used to discriminate various theoretical 
approaches to the nuclear excitat'on function at large energy 
transfer. Our chosen reactions are the muon-induced fission in 
nuclei around Pb, and high-multiplicity tx 5 6) nucleon emission. 
Their observations would demonstrate a large probability for the 
nucleus to absorb energies above a high threshold. In our calcu
lation, we use two typical impulse models * and one example 3 of 
the non-impulse variety. We show that these different classes of 
models yield significantly different yields of the high-thres
hold reactions discussed by us. The fission probability in the 
Pb region obtained in the chosen impulse models is i> 10"° or 
lower, while the non-impulse models yield an order of magnitude 
higher values. The high multiplicity emission probability for 
multiplicity larger than 7 is zero in the impulse models, while 
the non-impulse response function predicts PtBn) = 10"^, close 
to the experimental results. 

1 N.C. Plukhopadhyay, Nucl. Phys. A ^35_, 111 (1980). 
2 3. Hadermann and K. 3unker, ibid. A 271, 401 (1976) 

M. Lifshitz and P. Singer, to be published. 
3 T.E.O. Ericson et al.. Phys. Lett. Fj9B_, 161 (1977) 
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SINGLE PARTICLE HOLE STRUCTURE AND CORE POLARISATION IN " Y MEASURED 
BY ELECTRON SCATTERING 

J. P. Dawson, J. Heisenberg, 0. Schwentker, S. McCaffrey 

Physics Department 
University of New Hampshire 
Durham, New Hampshire 03824 

J. S. McCarthy and J. Wise 

Physics Department 
University of Virginia 

Charlottesville, Virginia 22901 

J. Lichtenstadt 

Bates Linear Accelerator Center 
and Massachusetts Institute of Technology 

Cambridge, Massachusetts 02139 

C. N. Papanicolas 

Nuclear Physics Research Lab 
University of Illinois 
Champaign, Illinois 61820 

and 

H. P. Blok 

Vrije Universiteit of Amsterdam 
Amsterdam, The Netherlands 

Inelastic scattering cross sections have been measured in 8 9 Y in 
forward and backward direction to study the single particle hole struc
ture around '"zr. The data have been taken over a neutron transfer 
range of 0.5 to 2.6 fm _ 1 at the Bates MIT Linear Accelerator. 

The data in forward and backward directions allow to separate longi
tudinal and transverse form factors. Using simple model assumptions the 
transverse electric and the transverse magnetic scattering is separated, 
while the longitudinal form factor is analysed with the Fourier Bessel 
analysis to give a representation of the transition charge in coordinate 
space. 

This transition charge density compared to the single particle pre
diction shows a reduction in the magnitude of the charge density in the 
interior of the nucleus while it shows an enhancement at the surface. 

This discrepancy is not substantially changed if the non-realistic 
shell model wave functions of Hofstra and Allaart* are being used. It 
indicates a residual p-p interaction that is repulsive in the interior 
and attractive at the surface of the nucleus. 

*Z. Physik A292 (1979) 159 
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MAGNETIC DIPOLE AND QUADRUPOLE TRANSITIONS IN NUCLEI STUDIED 
WITH HIGH-RESOLUTION INELASTIC ELECTRON SCATTERING* 

A. Friebel, H.-D. Graf, W. Gross, W. KnQpfer*", G. Kuchler, 
G. Kuhner, D. Meuer, S. Muller, A. Richter, E. Spamer, 

W. Steffen, W. Stock and O. Titze 

Institut fur Kernphysik der Technischen Hochschule Darmstadt 
6100 Darmstadt, Germany 

We have continued our search for Ml and M2 transitions in high resolution 
(e,e') scattering (AE=30 keV FWHM) at low momentum transfer (q<0.7 fm" 1) in 
order to study such topics as isospin mixing, ground state correlations and 
the distribution of transition strength, magnetic sum rules and the strength 
of the effective p-h interaction in nuclei. We report in detail about the fol-

12-

u 
E 

8Ca(e.e') 
E0=39MeV 
9 =165* 

'Cale.e') 

. •») ••i.-'**iiVii..rf*m 

"2Ca(e.e-) 

«°Ca(e,e-) 

I 1 

lowing nuclei: 1 2 C : The Coulomb 
matrix element for the mixing be
tween the J" r 0 state.at 
12.71 MeV and the 1 +; 1 state at 
15.11 MeV has been determined to 
be <H C> = 117±20 keV. 1 6 0 : Ml tra-i-
sitions previously seen in (e,e') 
and (5,7) reactions to states at 
E x = 16.22, 17.14 and 18.80 MeV 
carry a transition strength of 
ZB(Ml)t = O.65±0.12UK- Si= 3 ad
ditional 1 + states at E x = 14.03, 
15.15 and 15.50 MeV have been de
tected besides the 5 known 1 
states at lower energy. The total 
strength £B(M1) + = 6.78±0.32y£ in 
2°Si is in excellent agreement with 
theoretical predictions and point 
to sizable ground state correla
tions. 4Q»42,44,48ca. strong ground 
state correlations are also respon
sible for the occurence of Ml tran
sitions found in pCa, while 

f7/2 * ^5/2 s P ^ n fiip M 1 transitions are expected in the other Ca-isotopes. 
As the arrow in the figure indicates Ca possesses only one weakly excited 
l + state at E x = 11.24 MeV and 4 4 C a surprisingly none. In Ca we discovered, 
however, a strong 1 + state at E x = 10.23 MeV (B(Ml)t = 4.0±0.2)i£) which should 
be ideally suited for the.study of precritical phenomena in the context of 
pion condensation. 9 0Zr, 1 4 0 C e and z 0 8 p b ; Contrary to the lighter nuclei only 
in 90zr could three weakly excited 1+ states at E x = 8.23, 9.00 and 9.37 MeV 
(ZB(Ml)t = 0.8±0.1UK> still be identified while there is in (e,e') no indica
tion for Ml strength in the heavier nuclei. Especially, the search for frag
mented Ml strength between E x = 8-11.5 MeV in 'OBpj, j, a s teen negative (detec
tion limit < 0.5)j£). Also, the M2 strength (which follows an EXS44A - 1/ 3 MeV 
law) is much reduced in heavy nuclei (EWSR estimates are 14, 33 and 27% in 

Excitation Energy/MeV 

90, Zr, 140 r Ce and ^ o aPb, respectively) and point to a strong pionic renormali-
zation of the g s factor over and above normal core polarization. 

* Work supported by Deutsche Forschungsgemeinschaft. 
s sFrom Institut fur Theoretische Physik der Universitat Erlangen-Nurnberg, 
8520 Erlangen, Germany. 
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HIGH-RESOLUTION INELASTIC ELECTRON SCATTERING ON ^ U Bpb AND DISTRIBUTION 
OF THE ELECTRIC DIPOLE AND QOADROPOLE STRENGTH* 

G. Kuhner, D. Meuer, S. MQller, A. Richter, E. Spamer and O. Titze 

Institut fur Kernphysik der Technischen Hochschule Darmstadt 
6100 Darmstadt, Germany 
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Institut fur theoretische Physik der Universitat Erlangen-Nurnberg 
8520 Erlangen, Germany 

We have extended our high-resolution Pb(e,e') experiment1) performed 
at the DALINAC into the excitation 
energy range from E X

K8-15 MeV. The 
four broad peaks at E x=8.9, 10.2, 
10.6 and 11.2 MeV seen in our (e,e') 
experiment with medium energy resolu
tion (flE=250 keV FWHM) and previous
ly identified with the isoscalar E2 

n 
giant resonance') are now dissolved 
into many fine structure peaks (c.f. 
upper two spectra in fig. 1) . Mea
surements of angular distributions 
and excitation functions and a com
parison of them with DWBA predictions 
employing transition densities calcu
lated in the MSI-RPA model yields 
the rather detailed El and E2 strength 
distributions shown in Pig. 2. 

J, r-m 

V / V A ^ 

Excitation Energy/MBV 

Fig. 1 
The El strength distribution is in 
fair agreement with, what is known 
from (YiY) and (n,y) experiments but 
there is considerably less E2 strength 
(the EWSR for isoscalar E2 transitions 
is only exhausted by 20%) detected 
than in hadron scattering experiments. 
especially seen in (a,a') reactions ' ) 
Two 2 0 8Fb(a,a") spectra are plotted in 
the lower part of fig. 1. The problem 
to be solved is if the same nuclear 
phenomena are measured in te,e") and 
ta,a')-
*Work supported by Deutsche Forschungs-
gemeinschaft. 

1. R. Frey et^ a^., Phys. Lett. 74B 
(1978) 45. 

2. A. Schwierczinski e t a l . , Phys. Lett. 
35. (1975) 1244. 

3. M.N. Harakeh e t a l . , phys. Rev. Lett. 
38 (1977) 676. 

4. W. Eyrich e t a l . , Phys. Rev. Lett. 
43 (1979) 1369. 
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A SEARCH FOR TWO-STEP RESONANT a-EXCHANGE IN 
THE ELASTIC SCATTERING OF ^ L i + 1 Z C 

B.R. F u l t o n , + T.M. Cormier and B.J. Herman 

Nuclear Structure Research Laboratory* 
University of Rochester 

Rochester, New York 14627 

Several years ago the f i r s t polarised Li experiments revealed an 
anomaly for scattering in 1 Z C at 22.8 MeV'). The origin was suggested to be 
contributions from the 12c(6|_i,d)160(d, 6Li)' zC two-step o-exchange process, 
via a strong a c luster state in 1 6 0 . This 16.2 MeV 6+ state is strongly 
excited in " c ( 6 L i , d ) 1 6 0 , and shows "up as a resonance in a + 1 2 C scatter ing. 
At 22.8 MeV the energy of an a-cluster in 6L1 corresponds to the resonance 
energy when allowance i s made for the Coulomb interaction of the accompany
ing deuteron. 

I f th is interpretat ion is correct, we expect to see simi lar effects at 
energies corresponding to neighbouring strong a-cluster states in 16(3 
(e.g. the 5" at 18.6 MeV and 7" at 20.9 MeV). To look for these we have 
measured excitation functions at 10 angles over the energy range 20-36 MeV 
(AE = 400 keV) fo r the e last ic and 2 + 4.43 MeV f i r s t excited channel. While 
the 22.8 MeV anomaly appears as an ^ 1 MeV wide structure at intermediate 
angles in the e last ic channel, and back angles in the ine las t ic , no evidence 
is seen for other states. 

The elast ic data shows large back-angle cross sections, orders of 
magnitude above conventional optical model calculations. This is a feature 
common to many heavy ion systems and has been suggested to be evidence for 
ei ther compound nucleus, e last ic exchange, two-step or quasi-elastic 
resonance effects. I t is hoped that analysis of this extensive body of data 
w i l l help d i f ferent ia te these processes. 

t Present address: Daresbury Laboratory, Warrington, United Kingdom. 
* Work supported by the National Science Foundation 
1. W. Weiss et al_., Phys. Let ts. 61£ (1976) 237. 
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THE 3 3S(n,Y) REACTION WITH THERMAL NEUTRONSt 

S. Raman 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

R. F. Carlton 
Middle Tennessee State University, Murfreesboro, Tennessee 37130 

E. T. Jurney 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87545 

Since 3 3 S has low natural abundance (0.75%) and small thermal neutron 
capture cross section (»350 mb), the 3 3 S (thermal n,y) reaction has not been 
investigated t i l l now. We have studied this reaction uti l izing a 1.1 g tar
get enriched to 88% in 3 3 S placed in the Los Alamos Oinega West Reactor ther
mal column at a distance of 1.7 m from the reactor core. A 26 cm3 Ge(Li) 
detector with a Nal(Ti) annulus was located approximately 6 m from the tar
get and was operated in either a Compton-suppressed or a pair spectrometer 
mode. Approximately 260 Y rays were identified in the 0.1-11.5 MeV region, 
several with intensities as low as 0.03 photons/100 n-captures. Over 170 
Y rays have been incorporated into a 3^S level scheme with 50 levels (see 
Table). The 38 primary Y fays placed on this scheme account f or ss75% of the 
thermal neutron capture cross section. A surprising number of Y rays 1" the 
1.1-3.5 MeV region (10-30? of the neutron separation energy which was deter
mined to be 11417.23 ± 0.15 keV), with intensities as low as 0.02 and as 
high as 2.6 photons/100 n-captures, appear to be primary Y rays leading to 
14 highly excited states 1n 3 4 S . 

Table 1 . Energy Levels in 3*S 

E(level) E(level) E(level) E(level) 
(kev) J» a (kev) J» a (keV) (keV) 

0.0 0+ 5679.9 2- 6954.3* 8385.4 
2127.6 2+ 5755.9 1- 7110.4 8506.8 
3304.2 2+ 5847.5 0+ 7219.3 8615.7 
3916.4 0+ 5998.1* 2+ 7248.1* 8727.7 
4074.7 1 + 6121.8 2* 7364.4 8805.5 
4114.8* 2+ 6168.9 3" 7556.8* 8874.1 
4624.4 3" 6250.5* 4 + 7629.9 9026.3 
4689.0* 4 + 6256.1* (1 ,3)" 7781.1 9208.1 
4876.8 3+ 6342.4 1- 7974.6 9546.1 
4889.8 2+ 6421.3* 4" 8036.1* 9933.3 
5228.2 0 + 6478.8 1- 8138.2 10311.5 
5322.5 2- 6681.4* (0-3)" 8175.3 
5381.0 1 + 6862.7* 5" 8185.4 

•Not fed by primary y rays in thermal neutron capture. 
"P.M. Endt and C. van der Leun, Nucl. Phys. A310 (1978) 378. 

^Research sponsored by the U.S. Department of Energy, under contract 
W-7405-eng-26 with the Union Carbide Corporation (ORNL) and under 
contract W-7405-eng-36 with the University of California (LASL). 
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ON TWO VEESIOHS OF THE DIEECT-SEHIDIBECT MODEL 
Milan Potokar 

J. Stefan Institute, University E. Kardelj, 
Ljubljana, Yugoslavia 

Original direct-semidirect (DSD) model ) is an intuitive approach to describe the radiative fast nucleon capture. Its direct part corresponds to the radiating of the incident particle from it initial optical model state, and the semi-direct part to the radiating of the target nucleus from its "GDR state". There are several ways to derive the model from general reaction theories. We discuss two of this forms which may be obtained starting from Peshbach's unified reaction theory. 
The transition amplitude of the first form has been written 2) before the approximations as: 

and the second one 2): .-t -, 

Here, P is the projector to elastic scattering channel (inclu
ding the GDH part), d is the projector to the doorway state 
(GDH state with no elastic channel part),3£ •H+H(E-Hq0+ii;~XH, 
where q - 1-P-d. Further, © P - (E+ -dCpp)'-1-. 

The two transition amplitudes are of course identical. 
However, for the practical calculations several approximations 
are applied and various pbenomenological ingradients used. The 
question arises whether the two forms for T lead to the iden
tical final results. 
amplitude 
on estimat _ 
I T T T I V I T T I 2 ia *» e ?iS- In calc lattons we have used well known i approximations1) to get the wor- — '•'« " king formula for Si, and similar _•=. approximations2) in the case of ^ 1.00 T T T . For example, the generalized-^ optical model potential wave funo-^ tionH^ft>was replaced by the phe-nomenological OHF wave function which describes the elastic scattering, andlXefrrrSby the wave function of the same phenomenological 
OMP but with excluded doorway sta- . ,d te effects. We see that the differences in the two HI are small, i.e. that the two results are very close. This may not always be the case. For example the use of a pathological OMP may be reflected in large discrepancies between the two calculated reaction amplitudes. 
1. G.E.Brown, Hucl. Phys. SL (196*) 539? C.F.Clement, A.M.Lane 

and J.A.Book, Hucl. Phys. 66 (1965) 273 
2. M.Potokar, Phys. Lett. B in press. 
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A PUZZLE IN A FAST PHOTON CAPIDBE HEACTIOH? 
Milan Potokar 

J. Stefan Institute, University E. Sardelj, Ljubljana, Jugoslavia 
It is well known that electromagnetic probe is an ideal tool to study rather directly the nuclear wave functions involved. In the case of radiative fast nucleon capture and its inverse photo-reaction (decay of GH-s) the real photons are involved. Consequently, the dipole transitions are strongly dominant, so that the total cross section ( W A Q ) and the expansion coefficients &2 a n d b 2 i n * b e angular distribution of the cross section and the analyzing power, respectively, are mainly determined in terms of dipole matrix elements. Assuming the reaction is of direct type, in special cases the knowledge of A 0, a 2 and bp allows us to specify completely tbe dipole matrix elements. In general, however, this is not possible, and we only can get certain restriction on their absolute values and relative phases. In any case, due to the quadratic nature of the equations relating the matrix elements to the coefficients, a theory has to be employed to select the physical solution. In turn, of course, we learn on of the nuclear wave function. 
Here we report on analysis of "Pe(p,r 0) reaction. In this case A 0, ag and bg are related to dipole transition amplitudes dtj/2, g?/2 &ad gg^ 2 by 

A 0 - 3|d %| 2 + ^Igfcl2 + 5lg%|2 

a 2A 0--0.43ld%| 2+0.86|cyig %icos(5,?) + 5.67 ld^||g^|cos( 5,9) 
•1.91 ISfrf-1.26 cos(7,9) - 1.66 |g %| 2 

*2A0 -1.00[dkjgte|sin(5,7) + 1.89|d! 
-1.89(g%||6a4laia(7,9) 

sin(5,9) 
„ 100 

^ 5 0 

On theoretical grounds it can be shown that 67/p amplitude is small. When ignoring it in the analysis of experimental data 1) two solutions, shown in the Pig. by crosses and dries, are obtained for the portion of tbe dc/2 - cross section in the total dipole cross section. Recent calculation2) in the shell model (SH) formalism has given nuclear wave functions which reproduce the solution with &$/2 contributions dominanting. On the other g IQ $ 14 hand, the alternative solution, i.e. the solution which is predominantly fcp(MeV) 
go/2i is obtained by direct-semi-direct (DSD) capture theory. She question arises: is there a model which is failing? 
1. J.V.Haher et al., Phys. Rev. C9 (197*) 14*0; O.P.Cameron et ml., Fbya. Rev. C3A (1976)353 
2. D.Halderson, Hucl. Phys. A303 (1978) 359 
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THE ROLE PLAYED BY THK GIANT RESONANCES IN THE INELASTIC 
NEUTRON-NUCLEUS SCATTERING 

L. M. Yang, Y. S. Zheng, and Z. N. Chou 

Peking Univers i ty , 
Peking, China 

For t a r g e t nuc l e i wi th a hole in a neut ron c l o s e - s h e l l such a s 
87Sr49, the c e n t r i b u t i o n from the g l i n t resonances i s important 
even when the inc iden t neut ron energy i s about 3 Kev. 

For the reac t ion 87Sr(n ,n) 87mSr, when the inc iden t neutron 
energy i s between 2.20 and 3.48 Mev, the c o n t r i b u t i o n to the i n 
e l a s t i c s c a t t e r i n g c ross s e c t i o n from the compound nucleus r e 
a c t i o n as ca lcu la ted by the usual Hauser-Feshbach theory or 
Weidenmuller 's theory i s only about 20-50 mb, much smal ler than 
the experimental va lue of 250-340 mb. 

We have estimated the con t r ibu t ion from t h e G.R. ' s for the 
above mentioned r e a c t i o n and found tha t the most important con
t r i b u t i o n s come from t h e fol lowing two d iagrams. 

The corresponding T-matr ix elements a r e 

Among the d i f f e r e n t modes of G .R. ' s , 
t h a t wi th >=2, T=O c o n t r i b u t e s most 
s i g n i f i c a n t l y . The c o n t r i b u t i o n ! from 
the o t h e r modes A=l, 1 = 1 , and A =3, o) * (j) 
T=0 a r e a l s o cons idered . 

The coupling between t h e p a r t i c l e and the v i b r a t i o n i s taken 
t o be of the form 

Where U(r-R 0) i s t he Woods-Saxon p o t e n t i a l . The s c a t t e r i n g 
wave funct ion are c a l c u l a t e d from o p t i c a l model p o t e n t i a l , whi le 
o s c i l l a t o r wave funct ions a r e used for the hole s t a t e s . For t h e 
va lue of the zero po in t ampli tudes (°<o\?:=h*^x / 2 C « ° r r e s t o r i n g 
force parameters C X T f t h e y a re taken to be 

"11=1578 C 2o=105 030=154 
which a r e not too f a r from those of A. Bohr and B. Hot t leson(2) 
and of H. V. Geramb.(l) 

The r e s u l t s we obtained a r e as fol lows: 
E»(Mev) ff?ji.(mb) ^.n. (mb) «**• (mb) GZ.P (mb) 

2.20 50.5 113.3 167.8 288 34 
2 .71 37.7 192.7 230.4 345 42 
3.48 18.3 320.0 338.3 232 27 

The experimental d a t a a r e taken from NSE 21, 195(1968). 
The e s s e n t i a l reason t h a t the con t r ibu t ion of the G.R. ' s i s 

important even for En=3 Mev i s t h a t the neu t ron sepa ra t ion 
energy i n neutron c lo se s h e l l nuc le i i s u s u a l l y much higher 
than t h a t i n neutron c l o s e s h e l l plus one n u c l e i . 

We be l i eve such anomany may a l so p resen t i n s i m i l a r r e a c t i o n s 
such a s 13lBa(n n ' ) 131>»Ba, 139Ce(n n ) ^9mCe, e tc . . 

(1) H. V. Geramb, Hucl. Phys. A199 (93) 545 
(2) A. Bohr and B. Mott leson, Nuclear S t r u c t u r e , Vol. 2 . 
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MECHANISMS LEADING TO AND DECAY MODES OF NUCLEAR CONTINUUM EXCITED IN 
PROTON-NUCLEUS INTERACTION* 

J . W i g g i n s , P . P . S ingh , T. P . S j o r e e n , S . K a i l a s 

I n d i a n a U n i v e r s i t y C y c l o t r o n F a c i l i t y 
Bloomington, I n d i a n a 47405 

w i t h 

C. C. Chang, A. Nadasen, A. A. Cowley, P. Gallagher, and H. D. Holmgren 

University of Maryland 
College Park, Maryland 20742 

In plane particle-gamma ray coincidences have been measured following 
80 MeV proton bombardment of 6 2Ni using the cyclotron facilities of the two 
institutions. Particles were detected and identified using a two element 
telescope placed at 25.5°, 35.0°, and 45.5° and three gamma-ray, Ge(Li), 
detectors were located at 135°, -75°, and -138° with respect to the beam. 
As demonstrated in the figure, a preliminary analysis shows that discrete 
gamma rays corresponding to transitions among the low-lying levels of various 
nickel isotopes are in coin iu. ice with a proton spectrum consisting of a 
peak, FWHM^IO MeV, centered at about 10 MeV above the threshold for each 

'10.00 20.00 30.00 UO.DO 50.00 60. DO -70.00 00. 
PRBTICLE ENERGT CHEVD 

case, and a tail towards lower energies. The peaks in these spectra can be 
understood to arise from mechanisms such as 62Ni(p,p')6zNifc->-(xif)+62-xNi where 
x denotes the number of evaporation neutrons. The tails reflect the role 
of processes such as 6 2Ni(p,xn) 6 2 - xNi. The results of analysis and compari
son with cascade and evaporation models will be presented. 

+This work supported by the National Science Foundation. 
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LOW q GIANT RESONANCES IN MEDIUM ENERGY (p,n) REACTIONS 

C. D. Goodman,3 D. E. Bainum,b C. C. Foster,3 C. Gaarde,c C. A. Goulding,11 

M. B. Greenfield,d D. Horen,e J. Rapaport,f 

E. Sugarbaker.S and T. Taddeucci* 

We have surveyed energy spectra for (p,n) reactions on targets tiav 
lithium to lead at Ep=200 MeV and observed strength concentrations Lhat bear 
the characteristics of giant resonances. Of these, at 0 degrees, the no=t 
prominent is the Gamow-Teller(GT) resonance which, although fragmented in 
detail, contains two principal peaks in light elements with the lower exci
tation component becoming weaker in medium weight elements and all but dis
appearing in heavy elements, leaving most of the strength in one moderately 
broad giant peak. Excitation of the GT resonance can be understood as a 
manifestation of a a-a T-T force, which is the central component of OPEP, 
although OPEP alone does not explain the whole observed (p,n) cross section. 
At about 5 deg. another broader resonance appears at a higher excitation 
energy. This is plausibly the manifestation of an L=l spin-isospin inter
action term. We know from the weak excitation of the IAS that the spin 
independent isospin term is weak at 200 MeV. From a structure point of view 
the GT resonance represents p-h states within the same L shell, largely spin-
orbit pairs. The L=l resonance plausibly represents p-h states in adjacent 
L shells. 

GT l| 

90 90 J 1 Zc(p,n) Hb J ll 
0 d«g f 1 

CT 
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Neutron time-of-flight spectra 
showing the GT and the L=l 
resonances. 

2' 26 
Hg(p.a) Al 

Lk*w)t^! 

lt»«ht»v»*»V 

aIndiana University Cyclotron Facility, Bloomington, Indiana 47405 
''Emporia State University, Emporia, Kansas 66801 
cNiels Bohr Institute, Copenhagen, Denmark 
dFlorida A S M University, Tallahassee, Florida 32303 
eOak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
fOhio University, Athens, Ohio 43701 
SUniversity of Colorado, Boulder, Colorado 80309 
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INVESTIGATION OF EXCITED STATES IN 2 0 8 P b BY INELASTIC 
SCATTERING OF 100 MeV POLARIZED PROTONS+ 

A. D. Bacher, G. T. Emery, W. P. Jones, S. Kailas, W. G. Love,1"1' 
D. W. Miller, H. Nann, C. Olmer, F. Petrovich, ' ' ' and P. Schwandt 

Indiaiia University Cyclotron Facility 
Bloomington, Indiana 47405 

Differential cross sections and analyzing powers have been measured 
for the excitation of states in 2 0 8 P b using a 100 MeV polarized proton beam 
from the Indiana University Cyclotron Facility and a QDDM magnetic spectro
meter. The observed spectra, with an overall resolution of about 40 keV, 
span the excitation energy range 0-8 MeV and the angular range 7.5°-75°. 
Angular distributions have been extracted for the following states in 2 0 8 P b : 
3~(2.62), 5~(3.20), 4~(3.48), 5"(3.71), 2 +(4.10), 4 +(4.32), 6 +(4.42), 8+ 
(4.61), 10+(4.89), 10+(5.07), 12+(6.08), 12~(6.42), 14_(6.74), 12"(7.04). 

The inelastic excitation of these states by 135 MeV (unpolarized) pro
tons has been measured, and a microscopic description1' using the DWIA and 
the t-matrlx interaction of Love, derived from free nucleon-nucleon scatter
ing, resulted in good agreement^' with the data. Encouraged by this under
standing of the reaction mechanism for strong inelastic excitations, we are 
using this reaction to investigate the structure of particle-hole states 
of special character in 2 0 8 P b . 

Among the states under study are the two 12~ levels at 6.42 and 7.06 
MeV. Studies'' using inelastic electron scattering indicate that each of 
these states has a rather pure configuration, namely v(Ji5/2ii3/2~ )i2~ a n (* 
1T(:i-13/2nTl/2)l2_ f° r t n e 6.42 and 7.06 MeV states, respectively. On the 
other hand, analyses of our (p,p') data at 135 MeV suggest appreciable mix
ing between the two configurations. A resolution of this anomaly may result 
from polarized proton studies since the DWIA calculations of the analyzing 
powers for excitation of the 12 - states indicate a significant sensitivity 
to the degree of configuration mixing. Preliminary analyses of the data at 
100 MeV show rather different analyzing powers for the two states, and these 
appear to be consistent with a configuration-mixing hypothesis. 

The general success in understanding the mechanism for strong inelastic 
excitations may not apply for weak excitations, for which other, more com
plicated mechanisms, such as two-step processes, may be significant. The 
4~, 3.48 MeV state in 2 0 8 P b , which is weakly excited in all inelastic scat
tering reactions, should be a good case in which to study such contributions. 
In addition, recent discussions of nuclear critical opalescence^^ have led 
to predictions that the cross section for this state should be enhanced at 
large momentum transfer. Preliminary analyses of the data for the 4~ tran
sition at both 100 and 135 MeV show no evidence for such an enhancement. 
The importance of two-step processes is presently being assessed. 

.tWork supported by the National Science Foundation. 
TTuniversity of Georgia, Athens, Georgia 30602. 

+ + +Florida State University, Tallahassee, Florida 32306. 
1) W. G. Love, in The (p,n) Reaction and the Nucleon-Nucleon Force, ed. by 

C. Goodman et al. (Plenum, New York, 1980), p. 23; F. Petrovich, ibid, 
p. 115. 

2) F. Petrovich et al., to be published in Phys. Lett. (1980). 
3) J. Lichtenstadt et al., Phys. Rev. C20 (1979) 497. 
4) S. Fayans et al., I.V. Kurchatov At. En. Inst. Report IAE-3254 (1980). 
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RADIATIVE CAPTORE OF 14.2 MeV HB0TROH BT 5 6Fe and 2 , 8 D 

Huang Zheng-de Cao Zhong Vang Hui-zhu 
Liu Ji-ahi Ding Da-zbao 

Institute of Atomic Bnergy 
Academia Siuloa, Beijing, China 

The capture 7"-ray spectra of 14.2 MeV neutron by and 
have been studied. 
The 7 -ray detector consists of a $»200x100 Nal (Tl) and a 

58AVP photonultiplier enclosed in a heavy shllding and the t -ray 
emitted in the 90° direction is detected. The 7 -ray detector is 
tine gated by the associated « particles produced in T(*,n) reac
tion to reduce background.. The time signal of « -particles is 
picked up by a silicon surface barrier detector and the time reso
lution of whole system is typically 3ns. The linearity and T'-ray 
response function of the detector were calibrated by some dis
crete lines produced in nuclear reaction. Unfolding of 7 -ray 
spectra were carried out by Iterative weighting square fitting 
method and thus the gross structure of capture 7 -ray spectra 
were obtained. The unfolded spectrum of (n,7) is shown In 
the figure and by integrating the spectrum from 14 MeV the cross 
section is obtained. The cross sections of ̂ bFe(n,r) and 

238,, 
(n,7) reaction are 790+150/i-b and 1070±180^b respectively. 

There are some problems to describe the total •? -ray aprec-
trum by DSD theory, especially for the deformed nuclei. We try 
to f i t our result by means of a pre-
equllibrium exclton-phonon aoupllng 
model and the agreement between theo
ret ical and experimental results seems 
to be satisfactory. In the figure also 
i s shown the calculated T'-ray spectrum 
of Fe(n,7) reaction. The calculated 
cross sections of those two reactions 
are 724 f-b and 872 /*b respectively. 
1. Ma Z. T. et al^eontribution paper submitted to this conference. 
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PRB-EQDI LIBRIUM EXCITOH-PHOHON CODPLIHO MODEL 
FOR (n,7) REACTION 

Ma Zhong-yu Sun Zl-yang Zhang Jlng-ahang 
Zhuo Ti-shong Sing Da-zhao 
Institute of Atomic Energy 

Academla Slnlca, Beijing, China 
Neutron radiative oapture of tena of MeV are usually analysed 

on the basis of DSD nodel. But the physical picture of the in-
aginary part of the complex coupling Interaction Is not quite 
clear and the calculations based on DSD model for deformed nuclei 
are rather uncertain. Recently pre-equilibrium ezclton model has 
been extended to the reaction process including t emission by 
E. Betak et al. 1), but the calculated T -ray spectra were lover 
than the experimental results. In this work pre-equilibrlum ex-
clton-phonon coupling model is suggested as a new approach to 
treat energetic neutron radiative capture reaction by introducing 
a phonon to take account of the collec
tive effect of the giant dipole reso
nance for target nuclei. There are six 
patterns of the coupling between the ex-
citons and the phonon to be considered. 
(Flg.1) The transition matrix elements 
for the six patterns are assumed to be 
identical and parameterized as 
|MCI 2=KcA-', where K- is the only free 
parameter in this model and In our case 
Kc is chosen as 8.6X102 MeV2 to fit all 
data. The master equations of the cou
pling system by including the particle and Y emissions have been 
derived. Based on this model the cross sections andyray spectra 
of (n,Y) reactions for 2' 8o and ' 6 p e have been obtained. (Fig.2) To compare with the experimental exoitation curve, the cross sec
tions of (nfT) reaction for 2 0 8 P b n 

(Fig. 3) The agreement between the 
values seems to be satisfactory. 

X 
y 

x K 
y y 

R 3 I 

have also been calculated, 
theoretical and experimental 

l4Mw**F,(n.T) 
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1. B. Betak et al. Fhys. Lett. 84B, 368(1979) 
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INTERMEDIATE GIANT RESONANCE EXCITATION EFFECTS IN 
DIRECT REACTION (p,2p) CORRELATIONS 

R. Smith t Morrison and K. Amos tt 

Research School of Physical Sciences 
Australian National University, Canberra 

School of Physics, University of Melbourne, Parkville, Victoria, Australia 
The analysis of (p,2p) transitions requires an understanding 

of competing reaction mechanisms. In this work we consider one 
such aspect, namely the study of indirect scattering to the 
continuum by virtual excitation of giant resonance states in the 
target. Such a process has been found important b~th in the 
analysis of symmetric geometry (P,2p) experiments1) and in the 
analysis of inelastic proton scattering to select low-lying 
states 2). 

Attention here has been concentrated on the asymmetric 
energy-sharing (p,2p) geometry experiment 3). This experimental 
arrangement has some distinct advantages: the incident and high 
energy exit protons are well approximated by attenuated plane 
waves, the effects of antisymmetrization between the two exit 
nucleons will be small, and the two-nucleon t-matrix elements 
involved are closer to being on-shell than those involved in 
energy symmetric mode analysis. 

Within the above framework analyses have_been made of the 
1 2C(p,2p) reaction to the low-lying Vj~ and h states of n B . 
Comparison with the recent 98 MeV data3) has shown that when 
semi-phenomenological effective interactions of the type in 
current use in (p,pM analyses 
are used, the extracted 
spectroscopic information is in 
good agreement with Op shell-
model predictions (broken curve 
in figure). The inclusion of 
intermediate resonance 
amplitudes, using coupling 
strengths deemed appropriate 
from ^CfPfP 1) analyses 2), 
indicate that while the 98 MeV 
predictions would be only 
slightly modified by including 
intermediate octupole strength 
(solid line), that under the 
most favourable kinematic 
conditions correlation data 
should sensitively reflect the 
energy variation of the giant 
resonances in the target nucleus. 

The extension of the 
calculation techniques to the 
400 MeV incident proton regime1*) 
is currently under investigation. 
1. H.V. Geramb and D. Eppel, Z.Phys. 261 (1973) 177 
2. H.V. Geramb et al., Phys.Rev. C12 (1975) 1967 
3. D.W. Devins et al., Aust.J.Phys. ̂ i (1979) 323 
4. Th.A.J. Maris, M.R. Teodora and E.A. Veit, Phys.Rev. 

*0 60 00 HO 

C20 (1979) 446 
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GIANT RESONANCE EFFECTS ON 14-40 MEV PROTON SPIN-FLIP PROBABILITY 

R. De Leo, G. D'Erasmo, S. Miche le t t i , A. Pantaleo, and M. Pignanelli 

I s t i tu to Nazionale di Fisica Nucleare 
Is t i tu to di Fisica dell 'Universita 

Via Amendola 173, 70126 Bari - I ta ly 

level 
The spin-flip probability (SFP) in proton scattering to 
s of " M g and S has been investigated in the energy r< 

evidence in the reaction mechanism the contributions from thfigdoorway excita
tion of giant resonances (GR). Similar SFP data for 1 Z C and Si are availabl 

the first 2 
range 14-40 MeV to 

from the literature1). A particular feature of all these data is the deviation 
of experimental SFP, averaged around the backward maximum in the interval 
115°*165°, from the predictions of coupled channel calculations (CCC) obtained 
with energy averaged optical model parameters (OMP) (dashed lines in figure). 

In '*C and "si the deviations resemble 
very closely the strength distribution of the 
more excited GR in proton scattering, i.e. 
the quadrupole one (GQR)„This approach seems 
less valid for '^Mg and S (see figure) for 
which back angle averaged SFP and CCC predi
ctions do not match well at high energies 
where the contributions from GR excitation 
are expected to vanish. 

Analyses are in progress to ascertain 
the source of such disagreement. 

Notwithstanding it, if the CCC curves are 
arbitrarily renormalized to account for 
higher energy experimental points (solid 
lines), the resulting deviations of data gros
sly reproduce the GQR strength distribution 
also for " M g and J < ;S( dashed areas). 

It is interesting to notice that pecu
liar features of the GOR, such as the broade
ning of its distribution for low mass nuclei, 
are reproduced by the deviations so obtained. 
In particular in 3 Z S the deviation clusters 
in a single bump centered at the energy where 
GQR has been detected2). 

The investigation of other medium mass 
nuclei could ascertain if the deviations 
follow.the A _ V 3 i a w that could represent the definitive proof for their hypothesized prove
nance. 
+Permanent address: Istituto di Fisica dell'Universita, Milano, Italy 
1. R. De Leo, G. D'Erasmo, F. Ferrero, A. Pantaleo and M. Pignanelli, Nucl. 

Phys. A254 (1975) 156; R. De Leo, G. D'Erasmo, A. Pantaleo, G. Pasquariel-
lo, G. Viesti, M. Pignanelli and H. V. Geramb, Phys. Rev. C19 (1979) 646; 
and references therein. 

2. D. H. Youngblood, C. M. Rozsa, J. M. Moss, D. R. Brown, and J. D. Bronson, Phys. Rev. Oj> (1977) 1644. 
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DISCRETE APPROACH TO RESONANCE-AVERAGED (n,Y) SPECTROSCOPY1" 

S. Raman, 0. Shahal* and G. G. Slaughter 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

In recent years, the limitations 
imposed by Porter-Thomas fluctuations 
in the study of primary Y rays follow
ing neutron capature have been partly 
overcome by "resonance-averaging" tech
niques. The Incident neutron beam is 
chosen with an energy distribution 
sufficiently broad that many compound-
nucleus resonances contribute to the 
capture process. The two techniques 
most commonly employed in averaged-
resonance-capture measurements involve 
the use of "reactor-neutrons" and 
"filtered-beams". 

A third method of obtaining indi
vidual Y-ray spectra from a large 
number of resonances and summing them 
has not been attempted t i l l now be
cause of experimental di f f icul t ies. At 
ORELA, we have obtained ninety-five 
4096-channel spectra (69 on-resonance 
and 26 off-resonance) from the 
1 7 3 Yb(n,Y) reaction. By considering 
two pairs of suitable low-energy 
y rays and forming intensity ratios, 
we were able to separate the 48 reso
nances below 520 eV into two distinct 
groups of twenty J = 2 and twenty-
eight J = 3 resonances. The figure 
shows the results of summing the Y ray 
spectra from many resonances after 
compatlbilization for neutron flux, 
neutron width and total width. We 
focus attention on the 7389 and 7212 
keV Y rays leading respectively to the 
76 keV, 2+ state and the 253 keV, 
4 + state. With proper averaging, the 
7389 keV Y ray should be approximately 
1.6 times as intense as the 7212 keV Y 
ray. When all 48 resonances are 
Included, the observed intensity ratio 
is 1.43 ± 0.08. When the summing is 
restricted to the 32 resonances below 
310 eV, this ratio becomes 1.56 ± 0.15. 

173 Yb (n .y r^Yb 
100 

llfMv^A^wv*^AMl̂  
100 

UuJ 

3225 3425 
CHANNEL NUMBER 

'''Research sponsored by the U.S. 
Department of Energy under contract 
W-7405-eng-26 with the Union Carbide 

^Corporation 
^Visitor from Nuclear Research 

Centre-Negev, Beer-Sheva Israel 

Y-ray spectra from (a) the 197 eV 
resonance. The sum of (b) 16 reso
nances between 520 and 310 eV, (c) 
16 resonances between 310 and 140 eV, 
(d) the 16 resonances below 140 eV, 
(e) al l 48 resonances below 520 eV. 
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GIANT RESONANCES EXCITED BY SCATTERING OF 800-MeV PROTONS 

R. L. Stearns.t R. E. Chrien,* R. J. Sutter,* 
T. J. Krieger,* H. I. Liou* and T. Kozlowski** 

t Vassar College, Poughkeepsie, NY 12601 
* Brookhaven National Laboratory, Upton, NY 11973 

** Los Alamos Scientific Laboratory, Los Alamos, NM 87545 

The excitation of giant resonances through inelastic scattering of 800 
MeV protons has been studied as part of a broad survey!) of proton scattering 
undertaken at the High Resolution Proton Spectrometer at the LAMPF. For tar
gets of 1 2 C , 2?A1, ̂ "Ca, 5 1 V , 9 0 Z r , and 2 0°Pb, we observe considerable inter
mediate structure in the cross section, with the position and width expected 
for the giant isoscalar quadrupole resonance. The data have been studied for 
laboratory angles ranging from 4 to 16°. An example of the structure is 
shown in the figure, which displays the outgoing proton momentum spectrum for 
'•"Ca for 5°, with a momentum resolution of 0.53 MeV/c. The arrow indicates 
the position of the giant isoscalar quadrupole resonance. 

The size of the resonance over background appears considerably larger at 
800 MeV than observed for lower energy protons.3) For the background under
lying the structure, we have used a calculation from a DWIA analysis due to 
Kroll and Wall. 2) This seems to fit the data trends reasonably well, as 
shown on the figure. The background subtraction is of especial importance 
where the structure is small. - 0 

The structure appears system- ' 
acically for most of the targets, 
with the possible exception of 
12C and 2'A1. The peak has an 
angular distribution character
istic of L=2 transfer. 

The cross section for excit
ing this giant quadrupole reson
ance, and its angular distribu
tion, have been studied by apply
ing DWBA analysis. The compari
son of the measured and calcula
ted cross sections yields the 
fraction of the energy-weighted 
sum rule (EWSR) exhausted by the 
resonance. For the case of *"Ca 
we find that B is % 0.1 and that 
about 33% of the EWSR is 
exhausted. 

Detailed analysis for the 
targets is underway and will be 
presented. 

HlO IKO if-?0 iftfO H-fo t$C3 l+?1 

Nt.\//c 
Research supported by the U.S. DOE under Contract EG-77-5-02-4195. 
Research supported by the U.S. DOE under Contract DE-AC02-76CH00016. 
R. E. Chrien et al., Phys. Rev. C21 (1980) 1014. 
F. R. Kroll and N. S. Wall, Phys. Rev. CI (1970] 138. 
F. E. Bertrand, Ann. Rev. Nucl. Sci. 26 (1976) 457. 
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OBSERVATION OF THE ANALOGUE-DIPOLE STATE IN THE 9 0 Z r (n,p) 9 0 Y REACTION 

W.R. McMurray, K. Bharuth-Ram*, C M . Bartle**, S.M. Perez**, F.D. Brooks** 

Southern Universities Nuclear Institute, Faure 7131, South Africa 

In earlier work 1) we studied the z eSi(n,p) Al reaction where the giant 
dipole resonance (GDR) of the target nucleus (with N=Z) is entirely T> in 
character. The results were essentially in agreement with predictions of the 
theory developed by Clement and Perez 2) for the direct excitation of the GDR-
analogue in (n,p) reactions. In 9 0 Z r the GDR is split into T=5 and T=6 compo
nents which are not readily identified experimentally 3) except by comparison 
with the theoretical predictions for T=6 dipole states in 9 0 Z r . The 
9 0 Z r ( n , p ) 9 0 Y reaction offers a more direct identification of T=G components 
in Zr via the excitation of their analogues in Y. 

The 9 0Zr(n,p) 9 0Y reaction was studied at E n = 22 MeV using a detection 
system developed for this purpose. The 9 D Z r in the form of a metal foil was 
sandwiched together with three flat multiwire proportional counters which 
establish particle identification and coincidence criteria together with a 
curved plastic scintillator 30 cm long. Light attenuation in the scintillator 
provides position sensitivity and gives an effective angle resolution of <3° 
FWBM. The energy resolution for 20 MeV protons is <1 MeV FWHM. It is thus 
possible to observe the angle dependence of the proton energy spectrum over a 
70° range of reaction angles in a single measurement. 

The figure shows the observed 9 Zr(n,p) 9 0Y 
proton spectrum averaged over the angular range 
0-45° for an incident neutron energy of 22 MeV. 
From energy balance and Coulomb shift, the proton 
energies correspond to the excitation energies in 
9 0 Z r given in the figure. This makes it possible 
to compare the observed structure in the proton 
spectrum with the T=6 structure in 9 0 Z r as 
calculated by Hughes and Fallieros")• 

The observed 5 6Fe(n,p) proton spectrum is 
also shown in the figure. Any GDR analogue 
structure in this reaction should be restricted 
to proton energies below 12 MeV. We find that for 
higher energies the Fe(n,p) proton spectrum is 
featureless and nearly isotropic. 

Taking the dashed line in the figure as an 
estimate of the "non-direct" background for the 

Zr(n,p) spectrum we obtain a cross section for 
the "resonant" part of that spectrum in rough 
agreement with the theory of Clement and Perez 2) 
and with a forward peaked angular distribution 
as predicted by them. 

* University of Durban-Westville; ** University of Cape Town, South Africa 
x ) K. Bharuth-Ram et al., Nucl. Phys. A27B (1977) 285. 
2 ) C.F. Clement and S.M. Perez, Nucl. Phys. A165 (1971) 569. 
3 ) H.J. Askin et al., Nucl. Phys. A204 (1973) 209 and references therein. 
) T.A. Hughes and S. Fallieros, Nuclear Isospin, ed. J.D. Anderson et al. 

(Academic Press, N.Y., 1969) p.109. 
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EXCITATION OF A CORE POLARISED STATE IN 5 9Cu THROUGH (p,y) RESONANCE1" 
I.M.SzBghy and C. Rangacharyulu 

Physics Departement 
Laval University 

Quebec G1K 7P4 Canada 
1) ,-„ 59, A gg/2 isobaric analogue resonance (IAR) was reported ' in 

5 8 N I I P , Y ) reaction at Ep=2839 keV. The bombarding energy f 
Cu following 

the s aNi{}vY) reaction at Ep=2839 keV. The bombarding energy for the well 
established gg/2 IAR is 711 keV higher. This claim not only represents a 
much larger energy spread for the fragments, as usual, but it also points to 
an obvious explanation for the missing gg/2 analogue-antianalogue strength in 
this mass region, namely to the experimental difficulty to pick up fragments 
spread over such an energy range. If substantiated, this claim would call 
for an interaction mechanism capable to produce the spread. 

We carefully reinvestigated the 2.8 < En (MeV) < 3.6 energy region in 
the (P,Y) and (p.p'v) channels (Table 1). Although we found the (P.P'Y) 
strength very small at the Ep=2839 keV resonance, as compared to the gg/2 IAR at ED=3550 keV, we too observed the reported transitions, mainly a strong 9/2+ + 9/2+ + 7/2" cascade. This is consistant with pure Ml followed by El 
transitions, similar to the IAR case. 

Table 1. j " - 9/2+ resonance widths in the Cu isotope 
E p Ey(R-3042) r y V r u w_ r p > i 2 + )(ev) 

(kaV) (keV) (meV) (3He,dp) present 
1550 3861 410a 0734 9T3 6 O 
3488 3800 94 0.08 2.0 b 2.8 
2839 3158 63 0.10 <0.1 
a) measured by (3He,d) reaction with £=4 momentum transfer 

(ref.2). We used this gamma width to normalize our results. 
b) ref.3. 

cq The resonance at Ep=2839 keV populates the level at E x=6.2 MeV energy in Cu, which c m be a gg/2 analogue, antianalogue or core polarised (CP) state. 
The present i.'.Q keV spreading width would be 7 times the largest already re
ported, which considerably weakens the analogue state interpretation. The 
analogue-antianalogue energy separation Ef> - E-r< = (T 0 + l/2)Vi/A would lead to a symetry potential Vi<70 MeV, much less than the accepted 125±25 MeV va
lue. This eliminates the antianalogue interpretation. Using a CP model4', 
the calculated energy is Er,p=6.3 MeV, close to the experimental value. We 
thus propose the 6.2 MeV level in 59cu as the first gg/2 CP state experimen
tally observed. 
+ 
Work supported by the Natural Sciences and Engineering Research Council of 

«Canada. 
Present address: Accelerator Laboratory, University of Saskatchewan, 
Saskatoon, Saskatchewan, S7N 0WO, Canada. 
1. G.U. Din and J.A. Cameron, Eastern Reg. Nucl. Phys. Conf., C.A.P. Chalk 

River (1978) IV.1 
2. S. Gales, S. Fortier, H. Laurent, J.M. Maison and J.P. Schapira, Nucl. 

Phys. A268 (1976) 257. 
3. H.V. Klapdor, M. Schrader, F. Bergdolt and A.M. Bergdolt, Nucl. Phys. 

A245 (1975) 133. 
4. O T A l e s h i n , Izv. Akad. Nauk SSSR (ser. fiz.) 37. (1973) 1959. 
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EVIDENCE OF LINEAR CHAIN STATE IN BE 

Lu Hui-j in Yao Ching-chong Dai Nen-xiong 
Qi Bu-jia Sun Han-cheng 

I n s t i t u t e of Atomic Energy,Academia Sinlca 
Beij ing, China 

8. The evidence of d-U-d linear chain molecule-like state in Be 
predicted by Han et al. has been obtained in Li(dtddfcreaction. 

Fig.1 shows d-d coincidence spectrum projected on the kinema-
tical locus at EQ =9 MeV. In the region of E^ 20 keV,where E^is 
the kinetic energy of o< particle in the centre of mass system, 
i.e.,under the collinear condition, the experimental differential 
cross sections are much greater than the contributions of the 
known effects: FSI and QFS. Moreover, this cross section enhan
cement is a function of Incident energy as shown in Fig. 2. There 
is a possible resonance at E =9 MeV, which is corresponding to 
the 29 MeV excited state of in consistent with the theore-

^<2ol/S>/ 

P3.2 
lo 

F.J. l 
1) Han et al., Physica Energiae forts et Physica Nuclearis. 

4(1980) 121. 
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DECAY MODES OF ISOSCALAR GIANT RESONANCES THROUGH (O.,O.'Y) COINCIDENCES1" 

J. Wiggins, P. P. Singh, A. Drentje, + + M. Harakeh,++* S. Kailas, M. Saber, 
T. P. Sjoreen, and A. van der Woude1"'' 

Indiana University Cyclotron Facility 
Bloomington, Indiana 47405 

Using 150 MeV alpha particle beam from IUCF the particle decay channels 
of isoscalar giant resonance in 6 2 N i have been investigated by observing the 
discrete gamma-transitions of residual nuclei in coincidence with the scat
tered alpha particles. Particles were identified and detected at 15.8° and 
the gamma rays were detected using three Ge(Li) detectors located at 40°, 
94 , and 150° with respect to the beam. Isoscalar giant resonance-like 
structure at 64 A~1'3 n ev i s observed in a'~y coincidence spectra and decays 
predominantly by emitting a neutron. A preliminary analysis of the decay 
pattern of low-lying transitions is consistent with the resonance decaying 
in a manner similar to the continuum upon which it rides. 

PARTICLE ENERGY CHEV3 

The ratios of true coincidences with any gamma-ray to the accidental 
coincidences should yield a spectrum of the gamma-ray multiplicity as a 
function of the alpha particle energy. The smooth multiplicity behavior in 
the resonance region indicated by en arrow in the figure is also consistent 
with statistical-type decay of the giant resonance. Final analysis and com
parison with results of 80 MeV proton bombardment and investigation of a 
strong resonance-like structure at 64 A -l/3 MeV excitation in 62Ni(a,3Hetf63!tt* 
reaction will be presentee'. 

This work supported by the National Science Foundation. 
Permanent address: Kernfysisch Versneller Instituut der Rijksuniversiteit 
^Universiteitscomplex Paddepoel, Groningen, The Netherlands. 
Partly supported by a NATO grant. 
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OBSERVATION OF A BROAD STRUCTURE IN t-SPECTRA FROM ( t , t ) REACTION 
AT E i n c = 130 HeV 

S. Gopal, A. Djaloeis, 0. Bousshid, J . Bojowald, C. Mayer-B'oricke, W. Oelert, 
N.G. Puttaswamy, and P. Turek 

Ins t i t u t fu r Kernphysik 
Kernforschungsanlage JUlich 
D-5170 J i i l i ch , W. Germany 

Triton spectra from (x , t ) reactions induced by 130 MeV helions on 2 7 A 1 , 
5 9 Co, 9 3 Nb and « 'Au targets have been measured at angles between 7.5°-24°(lab.) 
in 1.5° steps. The targets were self-supporting f o i l s , 5-8 mg/cm2 thick. The 
charged reaction products were detected by two AE-E telescopes. 

Sample spectra shown in f i g . 1 exhib i t the existence of a broad structure . 
("bump") with a centroid energy F%2/3 E i n c and a FWHM r%l/3 E j n c . Similar ob
servations were made in the previous measurements at Einc = 68 and 90 MeV1). 
The bump cross section shows a forward peaking ( f i g . la) and, at a fixed angle, 
increases with the target mass ( f i g . l b ) . At present no conclusive explanation 
can be offered for the mechanism responsible for the broad bump. However, among 
three possible processes, namely, i ) breakup-pickup ( x , d ) ( d , t ) , i i ) forma
t ion and decay of an a* (T,a*)(a*, t ) and i i i ) quasi-free charge-exchange reac
t i on , the f i r s t of these appears to be the most probable. 

Fig. la Fig. lb 
I t is worth noting that for 2 7 A1 (see arrow in f i g . la) the t-spectra 

exhibit in addit ion a smaller bump centered at Ex%15 MeV in the 2 7 S i residual 
nucleus. This bump might be due to the giant Gamow-Teller resonance or to the 
isovector L=3 resonances. Large isoscalar L=3 strength was deduced ear l ier in 
the ^ 'A l j o . a ' ) reaction 2) for a group of levels in the exci tat ion energy range 
6iExS14 MeV. 

1. 0. Bousshid et a l . , Annual Report 1979, KFA-IKP Ju l i ch , W. Germany ( in 
press) 

2. C. Mayer-Bbricke et a l . , Nucl. Phys. A293 (1977) 189 
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INVESTIGATION OF AN 8p-4h STATE IN 2 0 N e AT 12.44 MeV 

E.F. Garman, L.K. Fifield, W.N. Catford and K.W. Allen 

Nuclear Physics Laboratory, Oxford, England 

D.P. Balamuth, J.M. Lind, K.C. Young Jr. and R.W. Zumrtlhle 

Physics Department, University of Pennsylvania, 
Pennsylvania 19104, U.S.A. 

,1) 

Philadelphia, 

In an earlieT publication , we reported the existence of a probable 
0 state in an excitation energy of 12.44 MeV in 2 0 N e , which had a large 
overlap with 1G0*(6.05 MeV)+ a. This observation was interpreted by 
suggesting that the 12.44 MeV level has an 8p-4h configuration with respect 
to the 1 6 0 core. 

Subsequently, we have carried out, in Oxford, an extensive study of 
this state using the 1 G0(a,a') 1 60*(0 +, 6.05 MeV) reaction. The ai and et2 

groups, populating the 6.05 and 6.13 MeV states in 1 6 0 respectively, were 
separated by a magnetic spectrometer. Similar measurements were performed at 
the University of Pennsylvania, but with the a-particles detected in solid 
state counters. The aj group was selected by requiring a coincidence between 
an a-particle and an energetic electron or positron from the pair decay of 
the 6.05 MeV state in 1 6 0 detected in a thin plastic scintillator. It was 
found that the aj angular distributions were markedly anisotropic at each of 
a number of energies across the resonance. Further, 
the differential cross-sections as a function of 
energy departed significantly from a Breit-Wigner 
shape at each of the angles at which measurements 
were performed. 

These observations are in apparent conflict 
with the isotropic angular distributions and B-W 
resonance shapes expected for a 0 + resonance. 
However, it was found that the data were well 
reproduced by including an energy independent 
coherent background in addition to a 0 resonance. 
Contributions to this background from partial waves 
up to L=3 were required. Representative data and 
fits are shown in the figure. The background may 
arise from a small direct component in the reaction 
mechanism. 

For the 0 resonant component, the fits to 
the data require that r a o r a i / r t o t = 3.53+0.38 keV 
and r t o t = 30.2±0.6 keV where all widths refer to 
the laboratory frame. Using the earlier result!) 

r„./r^„,. > 22%, we are forced to conclude 
contrary to the assumption made in 

follows that r a = 26.0±2.8 keV, 
which corresponds to a spectroscopic factor of 2.5 
if we follow the prescription outlined in ref.*) 
for calculating single particle a-widths. 

Such a large spectroscopic factor may indicate that the wavefunction 
of the 12.44 MeV 0 + level in 2"Ne is dominated by 8p-4h configurations in 
which some of the particles are outside the sd shell. 

i 1 
—i—r-r i i 

9cm 
I J 54-7* '• 

' A 
1.1 

• A 
P&3 

\ 1 
X i 

••* ••* c - * * 

that r / r t o t 

that r a > r 
ref. 1). 1 It -"' 

1) D.P. Balamuth et al..Proc.Int.Conf. on Nuclear Structure, Tokyo, 1977, 
J.Phys.Soc.Japan 44_(1978) Suppl.244. 
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NEW GIANT RESONANCES IN 172 HeV a SCATTERING FROM t u o P b 
H.P. Morsch, H. Rogge, P. Turek, and C. Mayer-Bbricke 

Institut fiir Kernphysik 
Kemforschungsanlage Jiilich 
D-5170 Jiilich, W. Germany 

208 We have investigated 172 HeV o scattering from °Pb using the Jiilich 
isochronous cyclotron JULIC. Our spectra indicate in addition to strong exci
tation of the giant monopole and quadrupole resonance new structure at higher 
excitation energy which is broad and extends up to about 28 HeV. This struc
ture exhibits a different shape at different scattering angles indicating the 
existence of two resonances of different multipolarity. The data are well 
fitted assuming two resonances at Ex=17.5±0.8 HeV and 21.3+0.8 HeV with corresponding widths (FWHM) of 4.8±0.8 and 5.9±0.8 MeV. The energies of giant 
quadrupole and monopoly resonances are 10.9±0.3 and 13.7+0.3 MeV with a width 
of 2.6±0.3 HeV. In an 1 6 0 scattering experiment!) also a peak around 20 HeV 
excitation energy was observed which was interpreted as being due to 3~ and 
5" giant resonances. However, the shape of this peak is different from that in 
our spectra, especially at the low excitation energy side and tends to be more 
narrow. 

Angular distributions for the new resonances show pronounced structure; 
that for the 17.5 MeV resonance is well described assuming octupole excita
tion. By comparing our differential cross sections to microscopic DWBA calcu
lations an octupole strength is estimated which corresponds to 60 % of the 
isoscalar energy weighted sum rule. This is consistent with the evidence for 
E3 excitation from electron scattering2). Together with the excitation of the 
3" state at 2.61 MeV (23.5 % EWSR) and higher lying L=3 excitations3) we can 
account for the total octupole sum rule strength. The data for the high lying 
resonance at 21.3 MeV can be well understood in terms of a isoscalar giant di-
pole resonance. 
1. P. Doll, et al., Phys. Rev. Lett. 42 (1979) 366 
2. H. Nagao and Y. Torizuka, Phys. Rev. Lett. 30 (1973) 1068, 

M. Sasao and Y. Torizuka, Phys. Rev. C15 (1977) 217 
3. W.T. Wagner, G.M. Crawley, G.R. Hanmerstein and H. McManus, Phys. Rev C12 

(1975) 757, 
H.P. Morsch, P. Decowski and W. Benenson, Nucl. Phys. A297 (1978) 317 
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E l AND Ml STRENGTH IN THE C a t H e , t ) REACTION* 

S. L. Tajoor and F. Petrovich 

Department of Physics 
Florida State University 
Tallahassee, FL 32306 

and 
C. C. Chang, M. T. Collins, G. J. Wagner, and J. R. Wu 

Department of Physics 
University of Maryland 
College Park, MD 20742 

Charge exchange reactions at 
intermediate energy provide a 
means of investigating nuclear 
structure which is somewhat com
plementary to inelastic scatter
ing. This is particularly true 
for the (3He,t) reaction on T=0 
targets, which is inherently iso-
vector. We have studied the Ca 
( He,t) reaction using He beams 
of 130 and 170 MeV from the Uni
versity of Maryland cyclotron. 
Tritons were detected using coun
ter telescopes with intrinsic Ge 
detectors supplied by R. H. Pehl 
and collaborators at Lawrence 
Berkeley Laboratory. 

The "0Ca(3He,t)'"1Sc spec
trum at 15° and 170 MeV is shown 
in Fig. 1. The peak labeled 1 + 

at an excitation energy of 2.37 
MeV in '"'sc appears to be the 
analog of a 1 + state at 10.319 
MeV in "°Ca, which is excited by 
a strong Ml transition in in
elastic electron scattering. 
The broad structure labeled 1" 
occurs at the same excitation 
energy as the giant dipole re
sonance (GDR) in ''"ca, shifted 
by the Coulomb energy differ
ence. This is shown by the inset 

Angular distributions for 
these 2 states at 130 MeV are 
shown in Fig. 2 with lines drawn 
to guide the eye. Microscopic 
DWBA calculations are in pro
gress using a folded nucleon-
nucleon interaction. 

•Supported in part by the 
National Science Foundation. 
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INVESTIGATION OF HIGHLY EXCITED LIGHT NUCLEI THROUGH KIMEMATI-
f 

CALLY COMPLETE THREE-BODY BREAK-UP EXPERIMENTS* 

W. von Witsch, B. G6mez +, K. Kochskamper*and W. Rosenstock* 

I n s t i t u t fUr S t r a h l e n - und Kernphysik de r L 'n ivers i ta t Bonn, 
D-53OO Bonn, Germany 

H. Machner 

Institut fUr Kernphysik, KPA JUlioh GmbH, D-5170 JUlich, Germany 
Various three-body break-up channels have been measured in 

a kinematically complete experiment on the 7Li+3He reaction with 
the aim of investigating the Â 1* system and other light nuclei 
at high excitation energies. A beam of 120 MeV from the JUlich 
isochron cyclotron was used and reaction products were identi
fied in two solid-state detector telescopes. One of the main ob
jectives of the experiment was the search for and possible iden
tification of excited states with T=2 in ^He which would be pos
sible in principle through a comparison of the reactions 
7Li(3He;t ,3He)'lHe* and 7Li(3He;dJ0t)tHe', since the excitation of 
T=2 in the residual hHe is isospin-
forbidden in the latter reaction. An 
appreciable yield with some apparent 
structure has been observed in both 
reactions at excitation energies up 
to 60 MeV but no new excited states 
could yet be identified due to in
sufficient statistics. 

In the 7Li(3He;3He,3He)i)H reac
tion the ground state of UH is 
clearly visible about 3.5 MeV above 
the mass of 3H+n, with indication of 
at least two additional states at 
5 MeV and 7.5 MeV, respectively, and 
possibly more at higher energies. The 
missing-mass spectrum of the 
7Li(3He;p,3He)6He reaction exhibits 
a prominent peak at about 17 MeV ex
citation energy above the ground 
state of 6He, with a width of less 
than 5 MeV (see figure); similar 
peaks have been observed in the ana
log (p,2p) and (e.e'p) reactions and in the (y,p) reaction. 

In addition, missing-mass spectra of several other light 
nuclei with masses between A=3 and A=6 have been investigated 
in the same experiment for excitation energies up to 60 MeV. 
This work was supported in part by the Bundesministerium fUr 

+Borschung und Technologie of the Federal Republic of Germany. +Now at the Universidad de los Andes, Bogota, Columbia. 
xNow at Dornier AG, Priedrichshafen, Germany. 
Now at the INT, Praunhofergesellschaft, Euskirchen, Germany. 
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SPLITTING OF THE GIANT MONOPOLE RESONANCE IN DEFORMED NUCLEI* 
D. H. Younqblood, V.-w. Lui, U. Garg, P. Bogucki, and J. D. Bronson 

Cyclotron Institute, T.;xas ASM University, College Station, Texas 77843 

The effects of groui.d state deformation on the parameters of the giant 
monopole resonance (GMR) have been studied by comparing the giant resonances 
in 144sm an^[ 154 S l n inelastically scattered 129 MeV alpha particles were 
detected over the angular range 0°-8° in the focal plane of an Enge split-
pole spectrograph. After a smooth continuum background was subtracted, the 
GR regions in all the spectra obtained for a given target were fit simul
taneously with a least squares multi-peak fitting routine. The observed 
group in the GR region was assumed to consist of two components of a Gaussian 
shape. Spectra after subtraction of the continuum, along with two-peak fits 
to the data, are shown in the figure. The higher excitation component in 
each nucleus was identified as the GMR from the angular distribution. In 
" 4Sm, the observed GMR cross section was about 50* of that in l^Srn; this 
decrease in the GMR cross section corresponded almost exactly to the observed 
increase in the cross section of the lower excitation peak. This implies 
that the GMR has split into two components in 154sm and that one of these 
components coincides in excitation energy with the giant quadrupole resonance 
(GQR). This splitting is further corroborated by the increase in the differ
ence between the excitation energies of the two peaks in 154Snj relative to 
' '4Sm. 144Cj 

This behavior 
of the GMR is in 
qualitative agree
ment with the RPA 
calculation of 
Zawischa et al.^) , 
which for the 
deformed nucleus 
1 7 0 Y b showed two 
concentrations of 
0* strength in the 
GR region. The 
experimental data 
can be qualita
tively understood 
with an extension 
of the model applied 
to the splitting of 
the GQR.2) In a 
deformed nucleus the 
GMR and GQR oscillation mix and there are two K 
below the GQR centroid which is predominantly J 
0 + strength and one near the GHR centroid which is predominantly J* = 0*. 
Such a schematic model is qualitatively in agreement with experiment for the 
positions of the components, but predicts a three to one division of J* = 0 + 

strength between the upper and lower K = 0 states, whereas the experiment 
suggests a more equally shared strength. 
•Supported in part by the National Science Foundation and the Robert A. 
Helch Foundation. 
1. D. Zawischa et al., Nucl. Phys. A311 (1978) 445. 
2. T. Kishimoto et al., Phys. Rev. Lett. 35_ (1975) 552; T. Kishimoto, 

private communication. 
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DISTRIBUTION OF SINGLE-PARTICLE STATES IN * 0 

M.Yasue, T.Tanabe, A.Goto and H.Kamitsubo 

I n s t i t u t e for Nuclear S t u d y , U n i v e r s i t y of Tokyo, Tokyo, Japan 

K.Ogino , Y.Kadota, Y . T a n i g u c h i and K.Oborl 

Department of Nuclear E n g i n e e r i n g , Kyoto U n i v e r s i t y . K y o t o , Japan 

In the highly excited energy region, where giant resonances are observed, 

there i s a problem how s ingle -part ic le states are distributed in the energy 

region. To investigate the distribution of s ingle -part ic le components in 0 
15.,, ^,16„ 

lab nucleus, experimantal study on the N(o,t) 0 reaction was performed at E 
65 MeV by using an a-beam from INS-SF cyclotron in conjunction with the 
QDD spectrograph. A gas target with N, gas Isotopically enriched to 99 % 

IS 16 was used. Fig. 1 shows cross sections for the N(a,t) 0 reaction integrated 
o o over the range of angles from 15 to 40 . No remarkable peaks in the energy 

spectra were observed beyond the excitation energy of. 22 IleV. 
In the excitation energy region from 16 MeV to 22 MeV, several 2 

states were observed in the present work. In this energy region, the 
existence of the isoscalar E2 resonance is reported by Knopfle et al.. 
These 2 states are correlated to the fine structures in the inelastic 
scattering of alpha particles . It is interesting to compare our data with 
the inelastic scattering data. 

Xntagratad croia taction for the 15H(o,t)16o reaction 

1) K.T.Knopfle,G.J.Wagner, P.Paul, H.Breuer et al., Phys. Lett. (*78) 191. 
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HIGH SPIN STATES IN 2s-ld SHELL NUCLEI VIA (a,d) REACTION 

Y. Kadoca, K. Oglno, Y. Taniguchi, K. Obori, T. Tanabe,* 
M. Yasue* and J. Schlmlzu** 

Department of Nuclear Engineering, Kyoto University, Kyoto, Japan 
•Institute for Nuclear Study, University of Tokyo, Tokyo, Japan 

'•Institute of Physics and Tandem Accelerator Center, 
University of Tsukuba, Ibaraki, Japan 
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We measured angular distribu
tions of the states strongly popu
lated by the (a.d) reaction on 
16,18 O j20,22 N e24 M g a n d 2 8 S 1 u s l n g 

alpha beam of 64.3 MeV from INS-SF 
cyclotron. Emitted deuterons were _, 
analyzed with a magnetic spectro- |j 
graph. J150 

A typical momentum spectrum ^ 
of deuterons from 2 2Ne(a,d) a? 
reaction is shown in fig. 1. j2 l m 

A zero range DWBA analysis was 1 
performed with the code DWUCK IV. ° 
Taking into account of the charac
teristics and systematics of the 5 0 

(a,d) reactions1>2) , high spin 
states with the configuration 
(j2)jmax w e r e identified fairly well, o 
The (f7/22)7+ states in 20F(10.51MeV) ° 
, 22Na(10.99MeV) and 24Na(10.79MeV) 
and the (f7/2d5/2)6~ states in 
20F(7.29MeV) and 24Na(5.93MeV) are newly 
proposed. The 10.54 MeV state in 1 8 F can 
be a candidate for the 7 + state from the 
systematics mentioned later. 

A nearly linear dependence of the 
(a,d) Q-values to the 7* states versus 
atomic mass holds the 2s-ld shell nuclei 
with mass number greater than A=26 2). 
The (a,d) Q-values of the proposed 
(d5/22)5+, (f7/2d5/2)6_ and (f7/22)7+ 

states versus the mass number of the 
residual nucleus are plotted in fig. 2 
together with previous data1!2).where 
asterisks show newly proposed states. Fo: 
the 7 states, new data points deviate 
from the linear curve interpreted within 
the framework of the Bansal-French-Zamick 
weak coupling model. These new data hold 
the crudest shell model picture^): The 
Energy of such a two-nucleon state is equal Fig. 2. 
to the sum of the two individual single-particle energies. 

1. C. C. Lu, M. S. Ziman and B. G. Harvey, Phys. Rev. lbo (1969) 1086 
2. R. M. Del Vecchio, R. T. Kouzes and R. Sherr, Nucl. Phys. A265 (1976) 220 
3. Tsan Ung Chan, M. Agard, J. F. Bruandet and C. Morand, Phys. Rev. C19 

(1979) 244 
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EXCITATION OF GIANT MONOPOLE RESONANCE IN Sm AND Pb 

T. Yamagata, M. Tanaka, j.S. Kishimoto, K. Iwamoto, B. Saeki, 
K. Yuasa, T. Fukuda, I. Miura, M. Inoue, and H. Ogata 

Department of Physics, Konan University, Kobe Tokiwa Junio^ College, 
Department of Physics, Osaka University, and Research C r 

for Nuclear Physics, Osaka University, 
Suita, Osaka 565, Japan 

208, We studied excitations of the giant monopole resonance in 
144 

Pb nuclei by (a,a') reactions. The purpose of the present study is to 
deduce the resonance parameters from the experiments at various incident 
energies-

Experiments were performed with a-beams from the AVF cyclotron of RCNP at 
incident energies of 84, 99 and 109 MeV for Sm target and 84 and 119 MeV 
for Pb target. Spectra of scattered a-particles were measured using a 
quadrupole magnetic system. Detection angle was varied from 0 =1.6 to 7.5° 
with a small dipole magnet mounted in the scattering chamber. 

Fig.l shows spectra of a-particles scattered by Sm to 2 and 4° at 99 
MeV. At the excitation energy of Ex=12.5 MeV the giant guadrupole resonance 
is clearly observed. In addition, another resonance is observed at Ex=15.1 
MeV in the forward angle spectrum. This result gives a strong evidence for 
the excitation of the monopole resonance. Parameters of both resonances were 
deduced from fitting of the resonance shape with two gaussians on a linear 
underlying continuum, as shown in Fig.l. The values of excitation energies 
and widths were consistent for all the incident energies and were Ex=12.5 and 
T=2.5 MeV for lower resonance and 15.1 and 2.5 MeV for higher resonance. The 
angular distributions for the 12.5 MeV resonance were well reproduced by L=2 
DWBA calculations. However, those for the 15.1 MeV resonance were reproduced 
by a mixture of L=0 and L=2 components. Therefore the giant monopole reso
nance locates at Ex=15.1 MeV on the tail of the giant quadrupole resonance. 
The fractions of energy-weighted sum-rule (EWSR) of both resonances were 
deduced from comparison of the experimental cross section with that of the 
DWBA calculations. As shown in Fig.2, the EWSR fractions of the quadrupole 
components at Ex=12.5 and 15,1 MeV have nearly constant values of 50 and 15%, 
respectively. On the other hand, the monopole fraction of EWSR at Ex=15.1 
MeV decreases drastically from 55% at 109 MeV to 24% at 84 MeV. Similar 
result has been obtained for Pb. It is interesting that the velocity of 
84 MeV a-particles at the nuclear surface of the target is close to the 
nuclear sound velocity. ) ____________________________ 
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1. J. P. Blaizot, D. Gogny and B. Grammaticos, Nucl. Phys. A265J1976) 315. 

261 



K-SPLITTING OF ISOSCALAR GIANT qUADRUPOLE RESONANCES IN Ca-ISOTOPES 

K.T. Knopfle, A. Sauter and G.J. Wagner 

Max-Planck-Institut f i ir Kernphysik, 6900 Heidelberg, W. Germany 

P. Dol l , D.L. Hendrie and H. Wieman 

Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA 

The study 1) of isoscalar giant resonances by inelastic 6 L i scattering at 
153 MeV has been extended to " ' . " . " " . " ' C a and i t s potent ia l i ty as a spectro
scopic tool has been explored by extracting isoscalar t ransi t ion rates for 
lowlying states. The data taken at the LBL 88" cyclotron with semiconductor 
telescopes cover 3 d i f f rac t ion maxima of the strongly structured angular dis
t r ibut ions. DWBA calculations with real col lect ive form factors y ie ld good 
f i t s to 2 + ,3" and 5" states and isoscalar t ransi t ion rates G0 in f a i r agree
ment (see table for examples) with those from a-scattering. Together with 
electromagnetic rates Gp we derive a ra t io of neutron to proton t ransi t ion 
matrix elements2) Mn/Mp~N/Z for 3" states and Mn/Mp>N/Z for 2+ states. 

x 
(MeV) 

G(W.U.) 

°Li' e.m. 
M „ / M n 
n p 

40 Ca 

42, 

44 

48, Ca 

3.74 
5.63 
6.29 
1.52 
3.44 
1.16 
3.31 
3.83 
4.51 

24.5 
0.36 
4.3 

18.4 
16.5 
15.8 
7.3 
8.3 
9.7 

25.7 
0.27 
4 .1 

12.1 
13.3 
13.3 
9.7 
7.8 

11.5 

26 
0 19 
4.6 
9.5 

0.94 

0.93 
-1.5 

9.8 1.4 

1.7 
6.8 

3.4 
1.4 

After a careful and consistent subtraction 
of an asymmetric bell shaped background1) we ob
tain isoscalar giant resonances (F ig ; dashed 
parts are from 0 contaminant) with L=2 angular 
distr ibut ions exhausting 60-80% of the energy 
weighted sum ru le . The E2 strength distr ibutions 
of °Ca and less so for l , eCa show . low energy 
component at about 15 MeV and the uQR proper. We 
f i t t ed the shape of the GQR in ""Ca by a Loren-
tzian and without additional free parameters re
produced (see f i g . ) the K-spl i t t ing in the de
formed '*2»'''*Ca nuclei in the v ibrat ing potential 
model 3). The GQR in '''Ca has the same width and 
energy as that in l , 0Ca (dashed curve) and not as 
i f scaled by A - 1 / 3 ( f u l l l i ne ) . This implies 
equal mass rad i i for the high frequency modes in 
•""Ca and U B Ca. 

1. K.T. Knbpfle, G.O. Wagner, P. Do l l , D.L. 
Hendrie, H. Wieman, Lecture Notes in Physics 
92 (1979) 445 

2. 7CM. Bernstein, V.R. Brown and V.A. Madsen, 
Phys. Rev. Let t . 42 (1979) 425 

3. T. Suzuki and D.J. Rowe, Nucl. Phys. A289 (1977T"461 
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EXCITATION OF GIANT RESONANCES IN 2 0 8 P b USING INELASTIC 1 4 N SCATTERING* 
U. Garg, P. Bogucki, 0. D. Bronson, Y.-W. Lui, K. Nagatani, E. Takada, 

N. Takahashi, T. Yamaya, and D. H. Youngblood 
Cyclotron Institute, Texas A&M University, College Station, Texas 77843 

The excitation of collective modes in nuclei using heavy-ion inelastic 
scattering is of considerable interest because the angular-momentum matching 
conditions, favoring large L-transfer, can be utilized to probe new collec
tive modes. Recently, Doll et al.l), in a study of inelastic scattering 
of 20 HeV/amu T>0 from 2"°Pb, reported structures at high excitation (E x -v. 20 MeV) which they attributed to 3" and 5" giant resonances. These 1 6 0 
results have been cited by Broglia et al. 2) as a crucial test of their 
coherent state model of heavy-ion reactions. We have measured the inelas
tic scattering of ̂ N from 2u8p D at 19 MeV/amu. In our experiment, the 
giant quadrupole resonance (GQR) is excited quite strongly, but the spectra 
at higher excitation are quite smooth; there are no discernible peaks which 
could be associated with the reported 3" and 5" strength. 

The inelastic spectrum of 266 HeV 1*N from 208po at e(lab) = 16° is 
shown in the figure. Only one giant resonance peak, located at E x ̂  11 MeV, 
is apparent in addition to the low-lying states. Both the energy and the 
width of this peak are consistent with its identification as the well-
known GQR; a Gaussian with parameters from "-scattering results is shown 
superimposed on the data in the figure. There is no evidence of any signi
ficant giant resonance strength around E ^ 20 MeV or at any excitation 
energy above the GQR. 

Straightforward DWBA cal
culations suggest that with 
20 MeV/amu 1 4 N and 1 6 0 the 
excitation of giant resonances 
should be comparable; indeed, 
our GQR cross-section is 
similar to that obtained in 
the 1 6 0 

3000 

results. It seems 2500 
unlikely that there is any
thing unique about ' 60 as a 
projectile which would high
light the collective states at 
E x -v. 20 MeV. The present 
results strongly indicate that 
the broad hump a t E x ^ 20 MeV, l°0 measure-observed in the 
ments, does not represent a 
collective state in 2 0°Pb 
but rather arises from other 
ef fects . 

BPb( l 4 N . l 4 N') 2 0 8 Pb 
E L A B =266 MeV 

0LAB* , 6 

30 20 10 
EXCITATION ENERGY (MeV) 

•Supported in part by the National Science Foundation and the Robert A. 
Welch Foundation. 
1. P. Doll et al., Phys. Rev. Lett. 42 (1979) 366. 
2. R. A. Broglia et al., Phys. Lett. 89B (1979) 22. 
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GIANT RESONANCE EXCITATION OF 4 0 C a WITH TT + AND TT" AT 80 HEV @ 

M. Blecher,+ R. Auble * F. E. Bertrand,* G. Blanpied,** R. L. Bunnan,++ 
R. Carlini,++ S. H. Dara,+T U. Gaskin,** K. Gotow.t E. E. Gross,* M. V. Hynes,+ 

M. A. Kovash,* H. J . Leitch,++ F. E. Obenshain,*" B. M. Preedom,** 
R. P. Redwine,* B. Ritchie,* V. D. Sandberg,^ and J. Wu* 

We report observations of giant resonance excitation with TT and tr~ on 
4 0Ca at 80 MeV. The data were obtained at the Low Energy Pion Channel of 
LAMPF. Scattered pions were analyzed with the Bicentennial Spectrometer and 
a 1.5-m long ver t ica l d r i f t chamber1) located near the focal plane. The SDSC-
trometer produced energy spectra covering energies from the e last ic peak 
to an excitation of 40 MeV at one magnetic f i e l d sett ing. Some of the on
l ine spectra are shown below. The enhancements at the expected GQR and GDR 
energies and the cluster at 13 MeV are similar to those observed at pion (3,3) 
resonance energies, 2) but the strength of excitat ion is much weaker, consis
tent with less absorption and weaker interact ion of pions at 80 MeV. Results 
w i l l be presented on analyses of the TT+ angular distr ibut ion and comparisons 
of TT+ and IT" excitat ion of the resonance. 

1000 4 0 C O * W M I C T 
tooo 

;50o 

40 SO 60 70 BO MeV 

4 0 C o • w--; HOC 

IB MeV 
13 MeV L 

40 50 60 70 80 MaV 

1000-
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@This work i s suppo r ted by U.S. D.O.E. and N.S.F . 
+Virginia Polytechnic Inst i tu te and State University 
*0ak Ridge National Laboratory 

t+Los Alamos Sc ient i f i c Laboratory 
**University of South Carolina 

"University of Tennessee 
^Massachusetts Ins t i tu te of Technology 

1. W. Bertozzi, et a l . , Nucl. Inst , and Meth. 141^ (1977) 457 
Z. M. Buenerd and J . Arvieux, Talk given at "Grant Multipole Resonance 

Topical Conference," Oak Ridge, TN October 1979 
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EXCITATION OF GIANT RESONANCES IN "°Sn VIA 130 MeV PION SCATTERING* 

R. S. Raymond,** R. E. Anderson, R. L. Boudrie,1" J . P i f f a r e t t i , 
N. S. P. King,+ T. G. Masterson,** C. L. Morris,^ 

R. J . Peterson,** and R. A. Rist inen** 

The inelast ic scattering of 130 MeV positive and negative pi mesons to 
high-lying states of 1 1 8 Sn has been studied with the FpiCS system at the 
Clinton P. Anderson Meson Physics Fac i l i t y . The f igure shows spectra at 30° 
corrected fo r the focal plane acceptance of the spectrometer. An arbi trary 
normalization exists between the two data sets. The ver t ica l lines are l o 
cated at excitat ion energies predicted from systematics fo r giant resonances 
and labeled with their respective mul t ipo lar i t ies. "or izontal bars corre
spond to anticipated widths. Background due to muon contamination has been 
removed by t ime-of - f l ight techniques. 
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Prominent peaks are seen a t energies consistent with the low energy oc
tuple resonance for both IT and IT probes. A clear difference in the IT and 
IT spectra can be seen near 16 MeV. This region of excitat ion is where con
t r ibut ions from EO and El resonances are anticipated. Since one expects 
l i t t l e difference in the population of the isoscaler EO for n+ and IT, explan
ations may arise from the El resonance properties. 

Dif ferent strengths for isovector resonance populations in n + vs i r 
scattering or isospin mixing of the overlapping T = 9 and T = 10 GDR compo
nents are two possible explanations. 

•Supported in part by the USDOE 
**Nuclear Physics Laboratory, University of Colorado, Boulder, Colorado 80309 
tLos Alamos Scient i f ic Laboratory, Los Alamos, New Mexico 87545 
ttNow at I ns t i t u t de Physique, Universite' de Neuchatel, Neuchatel, Switzerland 
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HIGH RESOLUTION PHOTOFISSION MEASUREMENTS IN 2 3 8 U AND 2 3 2 T H + 

T.R. Yeh and H. Lancman 
Physics Department 
Brooklyn College of CUNY 
Brooklyn, N.Y. 11210 

Previous photofission measurements ) have been carried out with a gamma 
ray energy resolution of ~" 100 keV, mainly using bremsstrahlung. This 
resolution makes it impossible to study details of structure in the energy 
dependence of photofission cross sections near threshold. We have done mea
surements of photofission cross sections of 238u a r l (j 232xh using photons 
from known (p,tf) resonances in a number of nuclei. This technique takes 
advantage of the Doppler shift of the energy of the photon emitted by the 
recoiling nucleus at a given proton resonance. Typical energy spreads of 
5-13 MeV photons vary between 20 and 40 keV and an energy resolution of 
200 eV is easily attainable. The yield is typically 10-> photons per ju.k of 
proton beam on target, which makes it necessary to use high beam currents. 
Our measurements are being carried out on the Brooklyn College 3.75 MeV Dy-
namitron which has a maximum proton beam current of 2 mA. 

The number of known (p, if ) resonances suitable for these measurements 
is adequate for covering the 5-13 MeV range of excitation with an average 
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step of 100 keV. Regions of parti
cular interest, especially the reg- ~™Th 
ion near threshold can be covered 
almost continuously. 

Typical spectra of photo
fission fragments of 232xh are 
plotted in the figure. Polycar
bonate films were used as fission 
track detectors. At high energies 
the spectra show no structure. The 
dip in the middle of each spectrum 
is due to gamma ray attenuation 
in the target backing. Structure 
is observed at energies close "I ,.I,..,I....I....I,..,I,...I. 
to the fission threshold, e.g. the "" i m "" l - m 

peaks at 5866, 5868 and 6177 keV 
are likely to correspond to class 5° 
II states in the second well of the " 
fission barrier. The spectra of 1° 
2 3 8 U fragments exhibit a similar " 
behaviour. " 

The photofission cross sect
ions averaged over each spectrum 
have been compared with the statistical model of Back and Britt 2) in order 
to extract barrier parameter of the two nuclei. 
+This work was supported by the Nuclear Science Division of the U. S. 
Department of Energy. 

1. P. A. Dickey and P. Axel, Phys. Rev. Letters 35, 501 (1975), 
L. J. Lindgren, A. Aim and A. Sandell, Nucl. Phys. A298, 43 (1978). 

2. B. B. Back and H. C. Britt (to be published). 
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28Si(e,e') ^ 1 2C*+ 1 60: THE STRUCTURE OF THE DECAYING STATE* 
H. Schultheis and R. Schultheis 
Institut fur Theoretische Physik 

Universitat Tubingen 
D-7400 Tubingen, W. Germany 

28 In the recently observed electrofission of Si the decay 
proceeds mainly via the channel C(2t)+160(ot). The measured 
fission yield has a peak centered at 28.3 MeV excitation ener
gy. From the angular distribution of the 12c fragments an as
signment of Jir=2+ and K=2 has been made for the fissioning 
state. 

We have studied the fissioning state in 28si(e,e')f i n a variational alpha-cluster-model calculation with a standard fi
nite-range Hamiltonian including the Coulomb interaction and 
the full center-of-mass term. The variation has been performed 
after projection onto the experimental spin, parity and K va
lues, and under certain symmetry constraints that the fission
ing state must fulfill in order to match the existing experi
mental information, viz. the state should have 1 2C+ 1 60 structure 
such that the overlaps with the final fragments are large. The 
possible relative orientations of these substructures are high
ly restricted by the experimental K=2 assignment: A state with 
K=2 must have an axis of two-fold symmetry (if any), and there 
are only four possibilities to arrange the ̂ 2c and̂ -°o substuc-
tures along such a common axis. A variational search for a best 
candidate has been performed under these symmetry constraints. 
The calculated excitation of the resulting state is larger than 
observed but can easily be adjusted by an increase of only 6 % 
in the Majorana exchange parameter of the standard nucleon-nu-
cleon interaction. The other properties of the calculated state 
match the data in any respect. The state has, by construction, 
the observed spin, parity and K-value. The single-particle over
laps between the nascent fragments are small thus indicating 
sizable clustering and high fissility. The clustering corre
sponds to the observed fragmentation as the large values of the 
calculated overlaps between nascent and final fragments show. 
In particular the overlap of the l2c substructure in the inter
mediate state with the 2+state i n 1 2

C is larger than with the 
1 2 C ground state. This is in perfect agreement with the experi
mental finding that the 1 2 C fragment is predominantly emitted 
in the excited l\ state rather than the ground state. 
supported by the BMFT and the DFG. 
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A TEST OF E2 VIRTUAL-PHOTON SPECTRA 

J. D. T. Arruda-Neto, B. L. Berman, S. B. Herdade, and I . C. Nascimento 

Instituto de Fisica, Universidade de Sao Paulo, Sao Paulo, Brazil 

Calculations of virtual-photon spectra have been performed in DWBA by 
Onley and collaborators.!) The r e l i a b i l i t y of these calculat ions , particularly 
for El and E2, plays a cri t ical role in the determination of the fission-decay 
channel of the isoscalar GQR for 236,238(j D y the Sao Paulo group.™ The ac
curacy of the El spectra have been veri f ied by the comparison of positron-
and electron-induced nuclear reactions.-* 

In order to t e s t the re l iab i l i ty of the E2 spectra, we have analyzed the 
electnpfission-fragment angular distributions for 236,238u using the expres
sions" 

•jjjp = A + B sin 9 + C s in 26 (1) 

and 

C<Eo> = 327 / E ° °y ( E ) { " l t E ' E o } - f N o ( E ' E o } " T N 2 ( E ' E o ) } r l d E ( Z ) 

0 ' 

where C i s a purely E2 term involving the E2 virtual-photon spectra N. 
(i i s the magnetic substate) and a i f*the E2 photofission cross section 
for J17 = 2 + , K = 0 measured recently.?) 

We have determined the ratio C(DWBA)/C(Exp) for 5 < E < 7 MeV {where 
eqn. (2) holds*}; the values for C(DUBA) were obtained from numerical inte
gration of eqn. (2) and those for C(Exp) from the e lectrof iss ion data. The 
mean values and their dispersions for " 6 u and 238^ s o obtained are 0.94 jh .14 
and 1 . 0 7 ^ 0 . 0 4 , respectively. ~ 

We conclude that the E2 virtual-photon spectra of Ref. 1 are accurate 
to better than + 20%. 

•Supported in part by the Fundacao de Amparo a Pesquisa do Estado de Sao Paulo 
tPresent address: High Energy Physics Laboratory, Stanford University 
5Permanent address: Lawrence Livermore Laboratory, University of California 
1. W. W. Gargaro and D. S. Onley, Phys. Rev. C 4 , 1032 (1971); C. W. Soto 

Vargas et a l . , Nucl. Phys. A288, 45 (1977). 
2. J. D. T. Arruda-Neto et a l • , Phys. Rev. C 18, 863 (1978); Lett. Nuovo 

Cim. 26, 487 (1979). 
3. I . C. Nascimento et a l . , Nucl. Phys. A246. 210 (1975). 
4. J. D. T. Arruda-Neto et a l • , Nucl. Phys. A 334, 297 (1980). 
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THE FISSION OF 2 3 a U INDUCED BY INELASTIC SCATTERING OF 120 MeV ALPHA-PARTICLES 

J. van der Plicht, M.N. Harakeh and A. van der Woude 

Kernfysisch Versneller Instituut, 9747 AA Groningen, The Netherlands 

P. David, J. Debrus, H. Janszen and J. Schulze 

Institut fiir Strahlen- und Kernphysik, Univ. Bonn, West-Germany 

We have measured the probability for fission of 2 3 2 T h and 2 J a U induced 
by inelastic scattering of 120 MeV a-particles (see also ref. I). This was done 
by detecting in coincidence the a-particles scattered inelastically through an 
angle of (18±3)° with an energy resolution of 75 keV and the in-plane fission 
fragments. We assume that the measured anisotropy pattern of the fission frag
ments is rotationally symmetric around the recoil axis as the in-plane data 
and FWBA calculations suggest. The fission-coincident a-spectrum with the frag
ments detected close to the recoil axis, is flat and featureless for S^E^l3 MeV 
(see figure) . Notably is the absence of a bump corresponding to the one observed 
in the singles (a,a') spectrum at E X^1I MeV and which is due to the excitation 
of giant resonances^). The spectrum 
corresponding to the detection of frag
ments at large angles with respect to the 
recoil axis shows a bump centered at 
E x ^ 9 MeV similar to, but not as pro
nounced as what has been observed pre
viously in the (eLi,6Li* f)-spectrum?). The woo -
origin of this bump is not yet clear. 

For Z 3 B U subbarrier resonances were 1 
found at Ex"^5.3 and 5.8 MeV. The absolute ° 
fission probability at the barrier is in d 

good agreement with the previous (Y,f)^' " 
and (t,pf)4) measurement. The angular 
distribution of the fission fragments at 
E—^S.B MeV indicate predominantly nega-
tiveparity, in agreement with (Y,f) 
measurements. 

£ -

tr-titotion enaqy (MeV) 

1) J. van der Plicht et al., Phv S. Rev. Lett. 42 (1979), 1121 
2) M.N. Harakeh et al., Phvs IU* . C. 21_ (1930), 768 
3) P.A. Dickey and P. Axel, Ph<s. Rev. Lett. 35_ (1975), 501 
4) B.B. Back et al., Phys. ?.<•-» C. 9_ (1974), 1924 
5) A.C. Shotter et al., Phys. Rev. Lett. 43 (1979) 569 
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NEUTRON DECAYS FROM HIGHLY EXCITED CONTINUUM REGION COVERING 
THE GIANT QUADRUPOLE RESONANCE VIA INELASTIC ALPHA SCATTERING ON Sn 

K. Okada, T. Shibata, M. Sasao, A. Snimizu , H. Sakai , 
T. Motobayashi, K. Maeda++ and H. Ejiri 

Department of Physics, and RCNFt Osaka University, Osaka 560, JAPAN 

Highly excited (10~1*0 MeV) continuum regions excited by inelastic alpha 
scattering on med iim heavy nuclei consist of giant multipole (GQR etc.) reso
nances and the continuum region underneath. They decay mostly by neutron 
emission because Coulomb barrier suppress the charged particle emission. 
Study of neutron decay is crucial to clarify the dynamic properties of these 
highly excited regions. We report a first quantitative measurement of the 
decaying neutron in coincidence with the inelastically scattered a. 

Neutrons following the 1 1 9Sn(a,a'n) reaction at Ea= L W MeV were measured 
by a TOF method in 8 n=-150°- +150° to the beam in coincideiv-e with the a' at 
9 =19.5°. Thus the recoil nuclei from the (a,a') move toward 6R=-70°. 
The neutron energy spectra (Fig.l) gated by inelastic 01 energy bins covering 
the GQR show that the forward neutrons have the fast (5~10 MeV) component as 
well as evaporating slow neutrons, while the backward neutrons have only the 
evaporating neutrons. The fast forward 
neutrons, arising certainly from the pre-
equilTbrium stage, leave the 1 I 8 S n at It-10 
MeV excitation region with large spectro
scopic density of the single-hole components. 
The alpha enrgy spectra plotted against the 
excitation energy of the residual nuclei 
(Fig.2) gated by slow, intermediate and fast 
neutrons at angles 6 n=-150°~ +150° indicate 
the followings; (i) The slow neutrons are 
almost isotropic (ii) intermediate (~5 MeV) 
neutrons are enhanced at the GQR region at 
the recoil angle (6R=-70°) suggesting const
ructive interplay of the GQR neutrons and the 
underneath continuum PEQ ones (iii) fast 
neutrons (~10 MeV) from the continuum PEQ 
region are enhanced at the forward angles to 
t he beam. 

F i g . 2 

. ..rrx, 
"•SnKyfn) EjKBHH J),-19.5' 

4Wfc\\ 
En-9-l3MiV 

t t Present address: Dept. Gen. Education, Tohoku Univ. , Sendai 980, JAPAN. 
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SPINFLIP RESONANCES OBSERVED IN THE 1 6 9Tm(p,n) REACTION AT 200 HeV* 
D. J . Horena, C. D. Goodmanab, C. C. Foster^, 

E. Sugarbakerc, J . Rapaport", D. Bainum6, C. A. Gouldingf, 
C. GaardeS, H. B. Greenfield' and T. Taddeucci" 

The 169Tm(p,n) reaction has been studied at tne IUCF beam swinger faci-
l i t y l ) using protons with an incident energy of ZOO MeV and a 70-m neutron 
flight path. This investigation was initiated with the objectives of 
exploring the effects of nuclear deformation on the GT and recently repor-
ted2.3) 41 = 1 , spinflip giant resonances. Spectra obtained at 0° and 4.3° 
are shown in the accompanying figure. The arrows indicate the positions of 
the GT and 1" resonances. The ground state isobaric analogue resonance is 

1400 350 

200 300 
CHANNEL 

500 

masked by the GT resonance which has a much greater cross section at Ep = 
ZOO MeV. Comparison of the location of the 1" resonance in these time of 
flight spectra with the analogous resonance observed in the 208p D(p i n) reac
tion agrees with an approximate calculation using the relation t)[J* = 1") = 
Ec + ĜDR " EflT« where E c is the Coulomb displacement energy, EgnR is the 
energy of the giant dipole resonance in the target, and E 4 f is the isospin 
splitt ing. A comparison of the resonance widths for l^Tm with those found 
for closed shell nuclei will be presented. 
•Research sponsored by Div. of Nuclear Sciences, U.S. DOE, under contract 
No. W-7405-eng-Z6 with Union Carbide Corp., the National Science Foundation 
and the Danish National Science Research Council. 

1 . C D . Goodman, C. C. Foster, M. B. Greenfield, C. A. Goulding, D. A. 
Lind and J . Rapaport, IEEE, Trans. Nucl. Sci. NS-Z6 (1979) ZZ48 

Z. D. Bainum, J . Rapaport, C. D. Goodman, D. 0. Horen, C. C. Foster, 
M. B. Greenfield and C. A. Goulding, preprint (September, 1979) 

3. D. J . Horen, C. D. Goodman, C. C. Foster, C. A. Goulding, M. B. Green
f ie ld , J . Rapaport, D. E. Bainum, E. Sugarbaker, T. G. Masterson, F. 
Petrovich and W. G. Love, preprint (February, 1980) 

j|0ak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
DIndiana University, Bloomington, Indiana 47401 
^University of Colorado, Boulder, Colorado 80309 
d0h1o University, Athens, Ohio 45701 
^Emporia State University, Emporia, Kansas 66801 
fFlorida A S M University, Tallahassee, Florida 3Z307 
9The Niels Bohr Institute, University of Copenhagen, Denmark 
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SEARCH FOR ISOBARIC ANALOGUES OF HI STATES AND 
SPINFUP RESONANCES IN 206.208p b ( p > n ) REACTIONS* 

D. J . Horen a, C. 0. Goodman*'-, C. C. Foster". C. A. Goulding c, 
H. B. Greenfield 0 , J . Rapaportd, 0. E. Bainum6, E. Sugarbaker, 

T. G. Hasterson', F. Petrovich9 and W. G. Love" 

We have studied the 206,208pb(p>n) reactions u t i l i z ing the beam swinger 
f a c i l i t y ' ) at IUCF with a 70-m neutron f l i g h t path. Part of the reason for 
i n i t i a t i ng th is experiment was to test the feas ib i l i t y of locating HI 
strength in medium to heavy mass nuc le i . A recent survey2) of magnetic 
dipole strength has shown the data to be almost negligible for A £60. For 
the 208pb target , measurements have been made using incident proton energies 
of 120, 160 and 200 HeV. Fairly complete angular distr ibut ions have been 
obtained for 208pD a t 120 and 200 MeV. Measurements for 2 0 6 P b were made at 
0° and 4.5" with 120-HeV protons. Spectra for the two targets are quite 
similar at 0° and 4.5°. Resonances observed with 208pb are given in the 
accompanying tab le . The energy and strength of the col lect ive GT resonance 
is in reasonable agreement with the predictions 3) of Ikeda, although the 
la t ter placed i t s excitation s l igh t l y below the g.s. IAS. The observed con
centration of GT strength is in disagreement with a recent theoretical 
suggestion*) that the GT strength is highly fragmented in heavy nuclei. The 
resonance in ZOfSg-j a t a n e x _ 
c i ta t ion of 22.9 MeV is sug
gested to correspond to the 
analogue of Ml strepgth re
por ted 5 . 6 ) in 208pD. The 
resonance at 21.5 MeV is 
excited by a M = l , spinf l ip 
t ransi t ion and has J " = (1)" . 
I t is suggested to be the T 
= 21 component of a 1" 
"supermultiplet" in 2 0 8 B i . 
A detailed comparison be
tween the Z 0 6 P b and Z 0 8 Pb «At E p = 120 MeV. 
data w i l l be presented. ''Cross section only determined at ^5 ° . 

•Research sponsored by the Division of Nuclear Sciences, U.S. Dept. of 
Energy, under contract No. W-7405-eng-26 with the Union Carbide Corp. and NSF. 

1 . C D . Goodman, C. C. Foster, M. B. Greenfield, C. A. Goulding, D. A. 
Lind and J . Rapaport, IEEE Trans. Nucl. Sci. NS-26 (1979) 2248 

2. D. J . Horen, in "Survey of Ground-State Magnetic Dipole Strength", 
Proceedings, Giant Multipole Resonance Topical Conference, Oak Ridge, 
Tennessee (1979) (to be published) 

3. K. Ikeda, Prog. Theoret. Phys. 31 (1964) 434 
4. G. E. Brown, J . S. Dehesa and J . Speth, Nucl. Phys. A330 (1979) 290 
5. D. 0. Horen, J . A. Harvey and N. W. H i l l , Phys. Rev. Let t . 38 (1977) 

134 
6. S. Raman, M. Mizumoto and R. L. Macklin, Phys. Rev. Le t t . 39 (1977) 
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a0ak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
^Indiana Universi ty, Bloomington, Indiana 47401 
c Flor ida A & M University, Tallahassee, Florida 32307 
d 0hio Universi ty, Athens, Ohio 45701 
eEmporia State University, Emporia, Kansas 66801 
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9Florida State University, Tallahassee, Florida 32306 
"University of Georgia, Athens, Georgia 30602 

E X ( 2 0 8 B 1 ) da/da (0°)a (FWHM) 
(MeV) (mb/sr) (MeV) J* 

2.8 0.86 + 0.1F 2" , 
15.2 9.0 ± 1.5 0+ (IAS) 
15.6 41 ± 12 4.1 1 + (GT) 

21.5 ± 1 . 0 b 10 ± 3 »r 22.9 0.9 ± 0.4 »r 
24.6 1.0 ± 0.5 1.2 i + 
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ENERGY SYSTEMATICS OF A At = 1, SPINFLIP RESONANCE 
OBSERVED IN TOE (p,n) REACTION* 

D. J. Horen3, C. D. Goodman a , b, C. C. Foster 5, 
E. Sugarbakerc, J. Rapaportd, D. Bainum6, C. A. Gouldingf, 

C. Gaarde9, H. B. Greenfield' and T. Taddeuccid 

Recently, a At = 1 resonance has been reported in studies of the (p,n) 
reaction on "Ozr*) and 208pb.2j jh\s resonance has been suggested1.2) as 
being the T = T3 member of a 1" "supermultiplet". Its peak cross section 
was shown to be comparable to and to track with that of the giant GT reso
nance as a function of incident proton energy, hence, it was argued?) that 
it is most likely excited by the spin-isospin part of the effective nucleon-
nucleon interaction. 

He have utilized the beam-swinger facility^) at IUCF with protons having 
an incident energy of 200 HeV to study this resonance for a series of 
targets*) ranging from lithium to lead. Angular distributions were measured 
at %Z.5° intervals out to 15° (10° for some targets). A striking feature of 
the time-of-f1ight spectra is that the At = 1 peak occurs at nearly the same 
channel for most targets. This implies that the resonance has nearly the 
same Q-value for most targets. This can be explained by a simple energetic 
argument as follows: If the suggested interpretation of this resonance is 
correct, then its Q-value should be given approximately by 
Q = E c + EQQR - E»j, where E c is the Coulomb displacement energy, EQDR is 
the energy of the giant dipole state in the target, and EAJ is the energy of 
the isospin splitting in the final nucleus. For most of the cases studied, 
the increase in E c with mass is almost balanced by a corresponding decrease 
in EQQR and an increase in E»j. An interesting comparison is ^- zSn versus 
1 Z 4 S n where because of the larger EAT the Q-value for the latter is calcu
lated to be smaller than that for ™ S n . This is born out by the data. For 
targets with T = 0 such as "•Z and ^ C a , one expects to populate the analo
gue of the GDR, and hence expects the corresponding Q-values to be larger 
than those leading to the T<, 1" resonance. This is also born out by the 
data. 

Measured and estimated energies of the observed At = 1, spinflip reso
nances will be presented. 

*This work was supported in part by the Division of Nuclear Sciences, U.S. 
Department of Energy, under contract No. W-7405-eng-26 with the Union 
Carbide Corporation, the National Science Foundation and the Danish 
National Science Research Council. 
1. D. Baninum, J. Rapaport, C. D. Goodman, D. J. Horen, C. C. Foster, M. B. 
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2. D. J. Horen, C. D. Goodman, C. C. Foster, C. A. Goulding, M. B. Green

field, J. Rapaport, D. E. Bainum, E. Sugarbaker, T. G. Masterson, F. 
Petrovich and W. G. Love, preprint (February, 1980) 

3. C. D. Goodman, C. C. Foster, M. B. Greenfield, C. A. Goulding, D. A. 
Lind and J. Rapaport, IEEE, Trans. Nucl. Sci. NS-26 (1979) 2248 
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LARGE BOUND El-STRENGTH IN T=1 sd-SHELL NUCLEI4" 
K.Ackerraann, K.Bangert, U.E.P.Berg, C.Biasing, K.Kobras 

W.Naatz, D.Riick, R.K.M.Schneider, R.Stock, and 
K.Wienhard++ 

Institut fiir Kernphysik 
Strahlenzentrum, Universitat Giessen 

D-6300 Giessen 
West Germany 

The low energy tail of the giant electric dipole resonance 
of TA3 nuclei can overlap the region where strong Ml states are 
expected. It is, therefore, necessary to distinguish carefully 
between different parities of dipole transitions excited in 
nuclear resonance fluorescence (NRF) experiments. A model inde
pendent parity assignment of the transitions observed can be done 
using linearly polarized bremsstrahlung. 

We have studied T=0 and T=1 sd-shell nuclei in NRF experi
ments with linearly polarized bremsstrahlung at the University 
of Giessen 65 MeV electron linac. Resonance iluorescence lines 
were detected with the help of two large volume Ge(Li)-detectors 
at 90° with respect to the bremsstrahlung beam, where the ana
lyzing power of the reaction equals one. The polarization of the 
incoming photons was monitored 
by the 2H(f,p) reaction. The 
figure shows all dipole states 
and parity assignments obtained 
from NRF-scattering, so far. 
Empty bars are indicating M1 and 
hatched bars E1 transitions. For 
the T=0 nuclei it is known from 
inelastic electron scattering1) 
that all transitions are M1, 
while nuclei with neutron excess 
exhibit large bound E1 strength. 
Furthermore, we observe a 
splitting of dipole strength due 
to the additional degrees of 
freedom for T^O nuclei. 

These NRF investigations 
are presently being continued 
and extended to heavier nuclei. 

' 26, 
> 10 
— 0 

Ground s t a t e r a d i a t i v e widths 
and p a r i t y ass ignments for d i 
p o l e s t a t e s observed i n NRF-
s c a t t e r i n g . Empty b a r s a re i n 
d i c a t i n g M1 and hatched bars E1-
t r a n s i t i o n s . 
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SYSTEMATIC STUDY OF THE GIANT MONOPOLE RESONANCE THROUGH THE MASS TABLE 
H. Buenerd, D. Lebrun, P. Martin, G. Perrin et P. de Saintiqnon 

Institut des Sciences Nucleaires, IN2P3 
53, Av. des Martyrs, 38026 Grenoble, France 

The experimental study of the giant monopole resonance (GMR) with strongly 
absorbed projectiles like d, ^He, He can be performed in best conditions in 
the region of very small momentum transfer where the cross-section for GMR 
excitation is maximum (L = 0 transfer) and sometimes larger than that of the 
nearby Giant Quadrupole resonance (GQR) '' . The work reported here was under
taken at Grenoble ISN using the 110 MeV ^He beam to bombard a wide set of 
targets. The detection used technics of magnetic spectrometry. Its oriqinal 
aspect lies in the use of an active col
limator system defining the solid angle 
of the spectrometer, to eliminate slit 
scattering and to allow data taking 
down the zero degree scattering angle. 
The first results were reported in 
ref. 1 and a more detailed account of 
this study will be reported in a forth
coming paper. 

For each target, the angular distri
bution was measured between 0° and 8° 
or beyond. The smallest angle attaina
ble above zero degree was 1.5°. In bet
ween the direct beam was hitting one 
edge of the active collimator, making 
its use impossible. The spectrum of the 
figure illustrates the quality of the 
data and shows the unfolding of GMR and 
GQR peaks. 

The multipole assignment of the GMR 
and the corresponding strength were ob
tained from the angular distribution 
compared to DWBA calculations. The lower 
part of the figure shows the excitation 
energy of the GMR for the set of nuclei 
studied so far, as a function of the nu
clear mass. In the light mass region, 
clear evidence for a GMR could not be 
obtained from the data for nuclei ligh
ter than °Zn, although the data indica
te that GMR and GQR might lie at the 
same excitation energy in the ^°Ca nu
cleus. The systematic behaviour of the 
monopole frequency clearly discards 
from the BOA - 1/ 3 behaviour (solid line) 
in this region of mass. This is likely 
due to the surface energy contribution to the compression modulus K of the 
nucleus z'. 

1. M. Buenerd, C. Bonhomme, J. Chauvin, G. Duhamel, D. Lebrun, P. Martin 
G. Perrin and P. de Saintignon, Phys. Lett. 84B (1979) 305 

2. J.P. Blaizot, D. 8ogny and Grammaticos, Nucl. Phys. A265 (1976), 315, and 
J.P. Blaizot, to be published in Phys. Rep. 
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COLLECTIVE ASPECTS OF THE SHELL MODEL 
R.R. Hilton 

Physics-Department 
Technical University Munich 
8046 Garching, West-Germany 

We conjecture collective vibrational motion of a deformed 
nucleus which appear naturally within the framework of a de
formed oscillator shell model. The first "The Giant Angle 
Dipole" represents an angular analogue of the giant dipole 
mode and is pictorially described as excitations in which the 
proton and neutron densities vibrate against one another in 
angular fashion about an axis perpendicular to the symmetry 
axis of the system. For N^Z nuclei these states comprise a 
low and high energy mode which are in general an isospin 
mixture of T=0,1 with L=2, M=±1 components. 

The second a "Stretching Mode" represents high energy 
vibration in which the nucleus elongates and contracts along 
the symmetry axis (Z), the other nuclear dimensions remaining 
fixed. Such a state would be a T=0, in phase linear combiiiatian 
of monopole and quadrupole modes. 

Finally a "Fattening Mode" is describable in which the 
radius in the x,y plane vibrates about its equilibrium value, 
the nuclear length remaining constant. Such a high energy mode 
represents a T=0, out of phase linear combination of monopole 
and quadrupole modes. 

+ This work is supported by BMFT of FRG 
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STABILITY OF NEUTRON-RICH HEAVY ELEMENTS 
AND THE AGE OF THE GALAXY* 

W. M. Howard and P. Mb'ller + 

Theoretical Division 
Lawrence Livermore Laboratory 

University of Cal i fornia 
Livermore, California 94550 

We study the production rates of the actinide elements in the astro-
physical r-process. These production rates, together with the determina
t ion of the natural abundances of 232 j n j zaby a n t j 238(j n e i p determine 
the age of our Galaxy. In part icular we study the decay from r-process 
path to the actinide region. We use the macroscopic-microscopic method, 
with the modified-harmonic osc i l la tor s ingle-part ic le potential and the 
droplet model to calculate the nuclear potential energy surfaces for heavy 
neutron-rich nuclei in the region 82 s Z £ 110 and 120 s N £ 184. In addi
t ion to symmetric elongation and necking coordinates we also study the 
ef fect of mass-asymmetric and t r i - ax ia l shape coordinates. Odd-particle, 
odd, as well as even nuclei are included in the calculation by assuming 
that the odd-particle stays in the lowest possible single-part ic le orb i ta l 
during f i ss ion . The f iss ion thresholds, the ground state masses and the 
corresponding part ic le separation energies and beta decay energies are used 
as input into a calculation of multi-chance par t ic le emission and beta-
induced f iss ion. Effects of spontaneous f ission during the decay back to 
the l ine of p-s tab i l i t y are also included. A calculation of the decay from 
the r-prpcess path to the actinide region indicates that the production of 
2 3 Z T h , 2 3 5 U , 2 3 8 U and 2 * 4 Pu w i l l be s igni f icant ly effected by 
beta-induced neutron emission and beta-induced f i s s i on . The structure of 
the beta strength function for these heavy neutron-rich nuclei is found to 
be of prime importance. 

We discuss the significance of our results in l i gh t of the recent 
measurements of the Hubble constant. Some areas for further study are 
pointed out. 

•Work performed under the auspices of the U. S. Department of Energy by the 
Lawrence Livermore Laboratory under contract No. W-7405-ENG-48. 
fPermanent address: Univ. of Lund, Lund, SWEDEN 
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HALF-LIVES OF Rb ISOTOPES UP TO THE r-PROCESS PATH 

T. Oda and H.V. Klapdor 

Max-Planck-Institut fur Kernphysik 
Postfach 103 980 
D-6900 Heidelberg 

Germany 

The shape of the beta strength function Sg_ and (5-decay half-lives have 
been calculated in a scheroatical Brown-Bolsterli model for the Gamow-Teller 
S~ decay of ~ 1 1 9 R b , i.e. up to nuclei lying in the r-process path (Figure). 
A Gamow-Teller residual inter
action and a Lane potential Go 
= 62.5 MeV/A, Gi = 2/3 Gj are 
used (calculation I (from Ref. 
)) differs by using Go = 50 

MeV/A and by the occupancies of 
the neutron orbits). The cal
culated transition probability 
into the GT giant resonance 
corresponds to log ft=*2, in 
excellent agreement with recent 
experimental results2) from 
(p,n) reactions. The 0-decay 
half-life is determined by the 
position and strength of back 
spin flip states (see also 3 ) ) . 
The calculations reproduce the 
experimental half-lives and 
also the shell effect in T due 
to the beginning of the filling 
of the g7/2 neutron shell. The 
gross theory of B decay"1) ob
viously overestimates the half-
lives for the r-process path 
nuclei. The calculated struc
ture in Sg which affects not 
only the half-lives but also 
the rates of g-delayed particle 
emission and g-delayed fission3) 
is ignored in any of the pre
sently existing calculations 
for the synthesis of heavy ele
ments by astrophysical processes. The implications, also for emergency cool
ing systems of reactors, will be discussed. 

1. B.F. Petrow, Yu. Naumow, H.V. Klapdor, Z. Physik A292 (1979) 73 
2. W. Sterrenburg et al., Proc. Int. Conf. Extreme States, Dresden, 1980 
3. H.V. Klapdor et al., Phys. Lett. 78B (1978) 20, Z. Physik A292 (1979) 249 
4. K. Takahashi et al., Atomic Data and Nucl. Data Tables 12 (1973) 101 
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STATE DENSITY AND ASTROPHYSICAL NUCLEAR PARTITION FUNCTION* 

S. S. M. Wong 
Department of Physics, University of Toronto, Toronto, M5S 1A7, Canada 

State densities are used in a variety of nuclear reaction calcula
tions. The commonly used Fermi-gas model form o>(E)- exp^aE)*]/^ 1'^ 5' 1 4) 
is derived from an equidistant single particle Hamiltonian using the saddle 
point integeration method. Comparing with experimental data, it fails to 
fit both the low and high energy values with a single set of parameters. 
The nuclear partition function, Z(T), Laplace transform of the state densi
ty, is useful in astrophysics, e.g., in determining the relative abundance 
of elements and in the equation of state of nuclear matter for a collapsing 
star. The Fermi-gas model gives Z(T)~exp(aT)/aT which diverges as T -> " , 
a result of the infinite spectroscopic space implied in the model. 

One possible way to resolve most of these difficulties Is to use 
the statistical spectroscopy approach[l]. The space Is defined by a (fin
ite) set of single particle orbits and the total m-particle strength is 
subdivided into many configurations, each defined by a set of occupation 
numbers {m^} in all the orbits. Because of the central limit theorem, the 
configuration strength distributions are expected to be very close to Gaus
sian and hence can be expressed in terms of a Gram-Charlier series. Since 
the series is a fast convergent one, a knowledge of the lowest few moements 
is sufficient to fix the distribution. Application of the method to state 
density and partition function for one-body Hamiltonian using realistic 
sinle particle energies have already been reported[2]. 

The dominant effect of two-body residual interaction is to lower 
the ground state energy. This in principle will decrease the state density 
at a given excitation energy. On the other hand, the strength distribution 
of each configuration is also broadened. At high excitation energies, 
where many configurations contribute, this will produce a shift of the re
lative importance of different configurations at a given energy without 
greatly affecting the state density, the sum of the strengths. Near the 
ground state, where there are more strength above then below, an increase 
of the state density is expected, conpensating for the lose of state densi
ty from depressing the ground state energy. The net effect of the two-body 
interaction is therefore expected to be rather small, affecting mostly the 
low-energy state density and, hence, the low-temperature nuclear partition 
function. Numerical results with realistic Hamiltonian will be presented. 

State densities and partition functions are, by their nature, aver
age quantities; the statistical spectroscopy method is therefore ideally 
suited to study them. Contact with realistic nuclear Hamiltonian are made 
through the Foments of the configuration distributions. The numerical cal
culations involved are well within the present day technicall capability. 
In addition, possiblity to derive an new form of the state density will be 
discussed-

*Work supported in part by NSERC of Canada. 

1. J.P. Draayer, J.B. French and S.S.M. Wong, Ann. Phys. 106 
(1977) 503. 

2. R. Haq and S.S.M. Wong, submitted to Phys. Lett, for publication. 
S.S.M. Wong, E.G. Zhao and X.Q. Zhu, submitted to Astrophy. J. for 

publication-
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AN EXACTLY SOLVABLE MODEL FOR THE REDUCED ALPHA-AMPLITUDE 
T. Fliessbach 

Fachbereich Physik, Universitat Siegen, 
59 Siegen, Germany 

P. Manakos 
Institut fur Kernphysik, Technische Hochschule Darmstadt, 

61 Darmstadt, Germany 
Alpha-decay, a-transfer and similar reactions are usually 

described in a single particle picture for the cc-particle. The 
many-body wave functions of the nuclei involved have to be re
duced to the amplitude for this a-particle. The norm of the re
sulting reduced amplitude is the spectroscopic factor. 

Several years ago it has been proposed ^ to use for a-decay 
a different amplitude, 

G = (l-K) - 1/ 2 G new conv 
instead of the one conventionally used, G c o n v . Here 1-K is the norm kernel of the a-particle - daughter nucleus system. There 
has been considerable controversy21 about this proposal. Thus it 
seems to be worthwile to present a simple model in which the re
duction from the original many-body matrix element to a single 
particle matrix element can be performed exactly. 

The model considers the matrix element of the quadrupole 
operator Q between the initial Z 0Ne ground state and an a- 1 60 
final state. For the oscillator shell model this matrix element 
is reduced to a single particle matrix element of the quadrupole 
operator Q r ei for the .relative coordinate of the a- 1 G0 system. 
The appropriate reduced amplitude can then be read off from the 
final expression. , , 

As a special case of the model we may take the 0 and 2 
states of the SU3-ground state band. The many-body matrix 
element corresponds here to a Y - e x citation of a bound a-cluster 
state. The exact reduction of this matrix element yields 

T.„ = < Z 0Ne, O +|Q| 2 0Ne, 2+> = Jd3R G° + Q n G 2 + 

if ' ' ' new rel new 
In this case the appropriate reduced amplitude is unambiguously 
Gnew* I f t h e f i n a l 2 + state is a-unstable we have a (y,a) 
reaction. The wave function of relative motion in the final 
channel is then proportional to G n e w(2 +) in the interior, 
leading again to G n s w(0 +) as the correct reduced amplitude. For 
increasing energy in the final state we get a transition from 
Gnew t o Gconv T h e corresponding model for a (Y#P) reaction 
leads always to G c o n v for the reduced nucleon amplitude. 

The model can be extended to more general interactions31. 
1. T. Fliessbach, Z.Physik A272(1975)39 
2. A. Arima, in AIP Conference Proc.47, p.1, Winnipeg 1978 
3. P. Manakos, Z.Physik A294(1980)25 

T. Fliessbach, Z.Physik A294(1980)79 
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SELF-CONSISTENT DESCRIPTION OF NUCLEAR LEVEL DENSITIES 
M. Barranco** and J. Treiner 

+Division de Physique Theorique*, Institut de Physique Nucleaire, 
F-91406 Orsay Cedex and *Department of Physics, University of 

Florida, Gainesville, USA 
We present a self-consistent calculation of the nuclear le

vel density based on a generalization to finite temperature of 
the modified Thomas-Fermi approximation 1'. A simple analytical 
formula is derived for the so-called level density parameter a — 
entering the expression of the density of states p(E)^E 5 / 4 e " ! 

and relating the excitation energy to the temperature E = a T 2 , 
in terms of equilibrium densities at T = 0 only : 

2 y a(Aa) , , , 2m* (r) H. . 
a = -J- t q fp (r) — 3 dr q = n,p (1) 

4 q o R H h2 k2 ( r ) 

where k F (r) = [ 3TT 2P (r) ] */3 and a(Aq)/a(»>) is a universal 
function depending on the number A„ of nucleons of type q only 
and which tends to 1 as Aq increases (see ref. 1' for details). 
Ue want to stress here the following ooints: 1) £ appears as the 
mean value of the local inverse effective Fermi kinetic energy 
over the nucleus. As already noted qualitatively 2 ) it is very 
sensitive to the shape of the surface, where the local kp is of 
course much lower than in the interior of the nucleus. For ins
tance, the most external nucleon contributes to as much as 20 % 
to the value of a in 208pb a n d 50 % in 40ca. 2) The limit of 
eq.(1) in an infinitely large system gives the correct value of 
the level density oarameter in Landau's theory of Fermi liquids: 
a/A = (TT2/4) (2m*/h^kF) - We notice the remarkably simple result 
that in a finite nucleus, the T.F. level density parameter does 
not depend explicitly on the effective interaction but through 
the effective mass m*, such as is the case when dealing with an 
infinite system. 3) The conclusion of the two last remarks can 
be stated as follows : the value of a obtained using effective 
interactions giving similar mean square radii and surface thick
nesses of nuclei differ only by the value of their effective 
mass. Comparison with experimental data (neglecting shell 
effects) then favors a value of m*/m £ 1 near the local Fermi 
level. This value confirms the conclusions drawn from microsco
pic analysis 3), which show that the coupling of individual 
Hartree-Fock states to collective vibrations leads to an energy 
dependence of m*, raising its value from ^ 0.8 for the deepest 
states to 41.1 near the Fermi level. This conclusion can be 
stated as a prescription for thermal Thomas-Fermi calculations 
(for instance in astrophysical applications) : one should take 
the usual effective mass in the expression of the free energy 
of the system and the bare mass in the construction of the func
tional relation between 1 and p at T / 0, which corresponds to 
settinq m* = 1 in eq.(1) . 
1) H. Krivine, J. Treiner, Phys. Lett. 88B (1979) 212. 
2) A. Bohr, B.R. Mottelson, Nuclear Structure, Vol.1, W.A. 

Benjamin 1969, p.156. 
3) J.P. ueukenrie, A. Lejeune and C. Mahaux, Phys. Rep. 25C (1976) 

83 ; V. Bernard and Nguyen Van Giai, Preprint IPNO/TH 79-55 
Orsay 

X Laboratoire associe au C.N.R.S. 
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EQUATION OF STATE FOR HOT DENSE MATTER AT SUBNUCLEAR DENSITIES 

P . Bonche 

S e r v i c e de P h y s i q u e T h e o r i q u e , CEN S a c l a y 
BP2 , F-91190 Gif s u r Y v e t t e 

D. V a u t h e r i n 

Division de Physique Theorique , IPN 
F-91406 Orsay Cedex 

The equation of state for hot dense matter occuring in stellar 
collapse has been calculated using the Hartree-Fock approximation 
at finite temperature. We have used the interaction of Ravenhali 
et al x) (HBP), as well as the interaction SKM of ref. 2). The 
interaction SKM has a better compression modulus and better sur
face properties than the interaction RBP. We have investigated 
the density domain between 0.02 and 0.15 baryons/cm3 at tempera
tures below 4 MeV, and considered matter with a proton fraction 
Z/A=Ye=0.25 which is typical for stellar collapse. For fixed 
values of the baryon density p and temperature T, the fjree energy 
per baryon F/A of a Wigner-Seitz sphere r<R = (3A/4irp)5 has been 
minimized with respect to the single nucleon wave functions and nucle-
on number A. We have calculated the Coulomb energy in the Wigner-
Seitz approximation. This is legitimate3) because the parameter 
Y= Z2e2/RkT is always larger than 200 in our density and tempera
ture range. We have not included the effect of alpha particles. Rssults 
for the free-energy F/A and entropy S/A are given in the table below 
for some values of p, T and A and interaction SKM. The values of A 
at the minimum are in qualitative agreement with the Thomas-Fermi 
calculations of refs. 4 -^). When the density increases, we have 
found, in agreement 
with ref. 4), that p(fm."3) T(MeV) A F/A(MeV) S/A 
nuclei become bubbles. , n n ._ _,_ ,__ 
roL£v n«he„"thr C U r S "-02 * 300 [I'.lVl \Vll roughly when the 4 0 ,-
surface of the bubble 4 U U " • « " •***> 
configuration becomes 400 15.668 .852 
equal to the surface 0.04 4 500 15.655 .845 
of the nucleus. The 600 15.657 .843 
equation of state for 
interaction RBP is somewhat stiffer than for interaction SKM. As 
an example the adiabatic index r=(3 Log P/3 Log p) s calculated for p=0.04fm~3 and T= 4 MeV is r = 1.15 for SKM while the value obtained 
with RBP by Lamb et al 4) is around 1.3. 

Laboratoire AssociS au CNRS 
1. D.G. Ravenhall, C D . Bennett and C.J. Pethick, Phys. Rev. 

Lett. 28 (1972) 978 
2. O. Bohigas, H. Krivine and J. Treiner, Nucl. Phys. A336 (1980)155 
3. J.P. Hansen, Phys. Rev. A8 (1973) 3096 
4. D.Q. Lamb et al, Phys. Rev. Lett. 4_1 (1978) 1623 
5. M. Barranco and J.R. Buchler, private communication. 
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A MEASUREMENT OF THE LOCAL DENSITY OF 3He IMPLANTED 
METAL FOILS BY THE DOPPLER SHIFT ATTENUATION METHOD 

T.K. Alexander, G.C. B a l l , W.G. Davies and I .V. Mitchel l 

Atomic Energy of Canada Limited 
Chalk River Nuclear Laboratories 

CHALK RIVER, Ontario, Canada KOJ 1JO 

with T^r^VTTw o f .na te r ia l swelling caused by the bombardment of metals 
with energet ic hel i iM .ons is wel l known and is of par t i cu la r interest " 
fusion reactor technology. Previous techniques for determ ning heswe l ine 

? e r o ^ r v Z i m P t"n e t h - f 0 H S ' " ' " t e ' e C t r ° n " ' ^ c o p y D and optica? Tntl - " 9 

Terometry<-> In this paper we describe a new experimental rc-thod that oro-
vides quant i ta t ive information on changes in the density of the layer where 

h o r t e n u c 7 e a r S n f ^ - n t h ? , m e t a l - T h e technique involve! the mea u r e L n t of 
» t W o J ! 5 5 ( ' < T < 20 fs) with the Doppler sh i f t attenuation 

» « -I e^ r:i- h;r--.'- i f a s i — — " 
in thtn̂ afum) Z I r ^ u S ' 0 T ^ ^ t t a r g 6 t S i m p , a n t e d a t * k e V 

from 2 to 7 x ^17 \ l / r 2 l[u °" M *"* N b f o i ' * " ' t h f l u e n c e s ranging 
JJZ A I i A • / c r a • A l p h a P a r t i c l e s from the 3 H e ( 1 2 c a ) " c reaction 

The data were analyzed 
assuming that the fluence of 3He 
swells a l l materials according to 
AV/V = Ac, where c is the local 
atomic concentration and A is a 
proport ional i ty constant. Fur
ther , the target was approximated 
by a two layer medium in which 
the Gaussian i m p ' . i t p r o f i l e was 
assumed to be rect igular . The 
Y 7 ray csntroids, <E >, were f i t t e d 
with an equation of the form3): 

< V = E Y ( t = 0 ) " A E

Y

a e f f T ' w h e r e 
M t = 0 ) is the f u l l y shif ted Y-
ray energy, AE y is the f u l l 
Doppler s h i f t and a~]f is the 
e f fec t i ve slowing down time of 
the mate r ia l . The best f i t to 
the data she™ i , . the f igure was obtained with A = 0.75 ± 0 . 2 5 and x = , 0 . 9 ± 

• o rs . m i s l i fe t ime is in good agreement with the value q 2 + n R f* 

^ 2094 -

agreement wi th that 

1. 5;„ Ff? S k e' S , K- D a s ' H- Kaminsky (1978) 247. y and G.ll. Miley, J. Nucl. Mat. 76 and 77 
R.G Saint-Jacques, G. Veilleux and B. Terreault 8th Irn- r„ r 
Atomic Collision in Solids, Hami 1 ton, dnaoa Augus !3- 7 19 9 °" 
E.K. Warburton, J.W. OIness and C.J. Lister, 'phys. Rev! W O ( S 9 ) 6l 9. 
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A RADIOACTIVITY HANDBOOK FOR APPLIED USERS* 
J. M. Dairiki, C. M. Lederer, and V. S. Shirley 

Nuclear Science Division 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

A handbook for applied users of nuclear data is one of the planned 
publications of the U.S. Nuclear Data Network (NDN). On behalf of the NDN, 
the Isotopes Project at LBL will produce the Radioactivity Handbook, with 
specifications agreeable to members of the international network of nuclear 
structure and decay data centers. 

The purpose of the Handbook is to provide a compilation of recommended 
decay data that is detailed enough for use in sophisticated applications, but 
that is organized clearly for straightforward use in routine applications. 
It is not intended as a nuclear structure reference, but should be useful to 
someone studying decay schemes. 

Planning for the Handbook is well underway. The contents and format have 
been defined, and programming efforts begun. Samples illustrating the 
proposed contents and format have been distributed (along with a two-page 
questionnaire requesting specific feedback) to the other (international) data 
centers and to members of several professional societies. 

The Handbook, as currently defined, will be produced at four-year 
intervals beginning in 1982. Data will be taken primarily from the 
international Evaluated Nuclear Structure Data File (ENSDF), with no further 
updating. Additional calculations and evaluation will be done to provide 
recommended data on atomic radiations and conversion electrons, and to 
provide 'best' values for Y-ray properties, independent of the decay parent. 
Each mass chain will be referenced to the most recent evaluation in Nuclear 
Data Sheets, providing a source for further details and references to the 
original papers. 

The Handbook will be ordered by mass number (A) and subordered by atomic 
number (Z). Each mass chain will consist of: 1) a 'skeleton' mass-chain 
diagram showing the ground states and long-lived isomers, along with their 
properties and the decay relationships between them, 2) tabulated data for 
each isotope, and 3) a decay scheme for each parent isotope. The tabulated 
data for each isotope will include: half-life, natural isotopic abundance, 
mass excess, neutron cross sections, decay mode(s) and genetic relationships, 
means of production, energies and intensities of all radiations (a particles, 
B - and B + particles, y rays, conversion electrons, x-rays, Auger 
electron';, annihilation radiation, protons, and 'delayed' particles), and 
average e , e~, and photon (Y + x-ray) energies. The main table will be 
supplemented by appendices containing physical constants, spectroscopy 
standards, atomic binding energies, K x-ray energies and relative 
intensities, and radiation absorption curves. The size of the Radioactivity 
Handbook, as defined here, will be about 1400 pages. 
•Research sponsored by the Office of Basic Energy Sciences, U. S. Department 
of Energy, under contract W-7405-eng-48. 
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THE STABILITY CF NUCLEI IN A NCR-CLOSED UNIVERSE 

F. D. BEOCHETTI+ 

Hahn-Meitner-Institute, D-10CO Berlin 39, Germany 
On the time scale of an open universe, i.e. T = », most fl-stable nuclei 

are unstable with respect to some exothermic transmutation. In particular, 
many nuclei A £ 1 3 0 (i.e. N>82) can a-decay (Qa>0) while nuclei A>56 are 
unstable relative to spontaneous fission (QSF>0) . He have used recent (d,6Li) 
data1) together with extrapolations based on semi-empirical formulae for 
T^HZfA.Qc) to estimate a-decay half-lives for B-stable nuclei. The results 
are displayed in the figure and compared with the predicted lifetime of a 
nucleon2). Spontaneous binary fission half-lives have been estimated by fit
ting a semi-empirical equation, including a shell correction3), to the avail
able T ^ values and extrapolating for B-stable nuclei A< 210 and A> 260. 

The calculations (figure) indicate that a large fraction of the proton-
and neutron-rich a-stable nuclei A^ 150 will have lifetimes, determined by 
T" and T S F, respectively, which are comparable or less than the predicted 
nucleon half-life. Although the expected T 0 1 and T ^ are large relative to the 
present age of the universe (10 1 0 years) they are still finite and comparable 
to many of the astronomical- and atomic-decay time scales which have been 
considered*) in discussing an open universe. 

On leave from the Department of Physics, University of Michigan. 
Supported in part by NSF (PHY78-07754) and the GFR Science Foundation. 
1. F. L. Milder et al., Nucl. Phys. A276 (1977) 71; F. D. Becchetti etal., 

Phys. Rev. C19 (1979) 1775; J. Janecke et al., to be published 
2. J.C. Pati and A. Salam, Phys. Rev. Letters 31̂  (1973) 661 
3. W. J. Swiatecki, Phys. Rev. JOO (1955) 937 
4. F. J. Dyson, Rev. Mod. Phys. 5_1 (1979) 447 and references cited there 
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DECAY SCHEME OF 1 1 6Sn FED FROM / , 1 6IM 
E.M.Sayed and M.A.Abdulmomen 

Physics Department Faculty of Science Riyad University Saudi Arabia 
si s\ rr 

Inwas produced by activating samples of 1 1 5In by thermal neutrons.The activation and the counting time were earefullv chosen so as to reduce contamination with 117Sn.MeaSurement started five minutes after irradiation was terminated and for two hours for each source.Measurement encompassed single gamma spectra measured with a Ge(Li) detector with a resolution better than 1.9 KeV for the 1332 KeV of 60 C o and a coincidence gamma-gamma spectra using fast coincidence technique.The decay scheme shown in figure was constructed basing on sums and differences of the gamma-ray energies and the coincidence data. 

^JMWlBfa!»s~, 

. . p i v e excited states were proposed more than the available data ' ) at excitation energies 2448.78.2619. =57 27S4 PfVUi and 2885 KeV.The states 2885,2844- and 275^Kev are given'! ) a ^ 
K ^ S J e nf rf i e sJ?I° P _ ) ' 2 8 5 0 a n d 2760 (6-5 KeV.The decay time of the states 1756.78 and 2448.78 KeV were measured.The mean life time for these states were found to be 6.42 and 7.4-9 n.sec.ihe proposed decay scheme has been compared with different models, putting in consideration that 116 S n i s ^ even-even nucleus with a closed sub-shell.The calculated values reproduce fairly well the experimental data. 
1. C.H.Carlson,W.L.Talbert,JR.and S.Raman. Nucl.data Sheet 14- No 3 (1975) P. 247. 
2" qi^ e^?^' J*r -T H2 1 1f n^ e r a n d I-Ferln'an in IaM;e of Isotopes Sixth Edition (John Wiley & sons New York) P.258. u"°P e s 
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AGE DETERMINATION OF PEKING MAN (BEIJING MAN) 
BT FI3SI0N TRACK DATING 

Guo Shi-lun Zhou Shu-hoa Mens *» 

Institute of Atomlo Energy 
Aeademia Sinioa, Beijing', China 

Liu Shun-aheug Zhang Feng 

Institute of Oeoohemlatry 
Aeademia Slnioa, Guiyang, China 

Age determination of Peking Man at Choukoutien (Zhoukoudian) 
haa been made by fission track dating. Ancient aahea left behind 
by Peking Man after using fires were used. Sphenea (grain sires 
0.05-0.3mm) were separated and selected from aahea. The age waa 
derived from the number of tracks of spontaneous fiaaion in 
sphenea. The polished surfaces of sphenea oovered with Muscovite 
micas were put Into nuclear reaetor oore and irradiated with ther
mal neutrons. Induced fiaaion tracks of in aphenea were 
counted with polished surfaces of aphenes (self-deteotor) or Mus
covite micas (extra-detector). Rigorous examination waa done for 
the degrees of track annealing in aphenes. Only sphene grains 
wbloh were completely annealed while Peking Man ware firing were 
used for dating. Three seta of measurement have bean done by 
self-detector and extra-deteotor mathoda independently. The ratio 
of defection effiolenclea of aphenaa to auaoovite mioas for fls-
alea fragments haa been calibrated and correoted in extra-detee-
tor method. The results of two methods ware found in good agree
ment. The age of (0.462±0.045)x106y. (layer 10 at Peking Man 
Site) haa bean obtained by using the 

2380 
spontaneous fiaaion de-—17 —1 cay constant of 6.9^10 y • 

287 



BROMINE-77: A PROMISING NEW PROBE FOR BIOMOLECULAR RESEARCH THROUGH PAC 

C. Haydock and K.S.R. Sastry 
University of Massachusetts, Amherst, MA 01003 

and 

H.A. O'Brien, P. Grant, J.tf. Barnes, and G.E. Bentley 
Los Alamos Scient i f ic Laboratory, Los Alamos, NM 87545 

Application of perturbed gamma-ray angular correlation (PAC) to bio-
molecular research has been quite recent. The successes achieved so far 
using m I n and 111'"Cd as radioactive rotat ional tracers have prompted us to 
explore the u t i l i t y of other nuclei fo r simi lar applications. We present 
here the f i r s t PAC results on the 56-hr 7 7 B r . Of interest to us i s the 755 
keV-250 keV v-v cascade in 7 7 Br decay, involving the long-l ived (mean l i f e 
T = 13 5 nsec) 5/2" level in 7 7Se as the intermediate state. We used an 
automated 2-detector t ime-di f ferent ia l PAC spectrometer coupled to a PDP 11/ 
35 computer. The perturbation factor Gz(t) in the directional corre lat ion 
function H(e,t) = (constant)e- t^ [1 + G ?( t)A 2P 2(e) + G 4 ( t )A 4 P 4 (e ) ] for 
th is cascade, with A? = -0-50, and negl igible P 4(e) term, is shown in the 
f igure for three cases. (A) For 7 7 B r - i n 0.05MNaOH solut ion, we observe a 
def in i te time dependent relaxation e f fec t . (B) In the presence of 46% 
sucrose, with a v iscosi ty 6 times that of water, the probe tumbles with a 
longer rotational correlat ion time. The relaxation constant is correspond
ingly longer. (C) Final ly when 7 7 Br" is bound to the anion exchange resin 
(AG 1-X10), a highly cross-linked styrene div inyl benzene copolymer l a t t i ce 
with quaternary ammonium exchange groups, the probe i s immcbilized with a 
drastic reduction of angular correlat ion as evidenced by the low G 2 ( t ) 

M ^These results auger well for 7 7 B r as a PAC probe in molecular and 
materials research. Since a variety of currently u t i l i zed i " I - l a b e l e d 
biological molecules can be brominated, we suggest that use of 'Br would 
combine the sens i t i v i t y of radioactive tracers with molecular information 
obtainable through rotational tracers. 

10 IS 20 25 
TIME (nanoiteonda) 

35 
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PICK-UP MECHANISM IN (p,a) PRE-EQUILIBRIUM REACTIONS 
APPLICATION TO 9 3Nb AND I l f lSn, Ep=44.3 AND 34.6 MeV 

0. Dragiin, A.M. Ferrero and A. Pacheco+ 

Departamento de Fisica 
Comisifin Nacional de Energfa Atomica 

Buenos Aires 1429, Argentina 

The contributions of the one-step triton 
pick-up to the continuous spectra of (p,a) 
reactions is analized in terms of the DKBA 
theory. The basic assumptions made by Tamura 
et al.'' are adopted and extended to study 
aspects related to mass and incident energy 
dependence. 

The use of the single particle harmonic 
oscillator model to describe residual states 
together with the assumption of an averaged 
spectroscopic density (which has an A-mass 
number dependence) lead to a multi-state 
averaged cross section factorized into 
^structure" and "dynamical" parts. In this 
framework, the absolute value of the theore
tical cross section is not well known but 
the value of the overall normalization is 
independent of target-mass and ingoing (out 
going) projectile energy. As a consequence, 
the validity of the model and pick-up 
mechanism assumed is checked by fitting 
relative strenghts of angular distributions 
for different targets. The interplay between 
"structure" and "dynamical" factors which 
vary in a large extent from Nb to Sn targets 
is essential to obtain the excellent agree
ment with experimental data 2). In the 
figure, point dashed (dashed) curves 
correspond to the one-step (compound) con
tributions and full-line to the total sum. 
Very similar fits to those shown in the 
figure are obtained for Nb, Ep=34.6 MeV and 
Sn, Ep=44.3 MeV using essentially the same 
overall normalization. 

T Present address: Lawrence Berkeley 
Laboratory, University of California, 
Berkeley, California 94720. 

1) T. Tamura and T. Udagawa, Phys. Lett. 
71B (1977) 273. 

2) A.M. Ferrero, I. Iori, N. Molho and 
L. Zetta, Report INFN/BE-78/6 (1978). 
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CALCULATION OF NEUTRON SPECTRA AND 
AVERAGE NEUTRON MULTIPLICITIES FROM FISSION* 

David G. Madland and J. Rayford Nix 

Theoretical Division, Los Alamos Sc ient i f i c Laboratory 
University of California, Los Alamos, New Mexico 87545 

Me present a new calculation of the prompt flsson neutron spectrum and 
the average prompt f i s s ion neutron mult ipl ic i ty as a function of both the 
f iss ioning nucleus and i t s excitation energy. 

Our calculation of the prompt f iss ion neutron spectrum i s based upon 
standard nuclear-evaporation theory and accounts for the physical e f fec t s of 
(1) the motion of the f i s s ion fragments, (Z) the distribution of f i s s i o n -
fragment residual nuclear temperature, (3) the energy dependence of the cross 
section for the inverse process of compound-nucleus formation, and (4) the 
occurrence of multiple-chance f iss ion processes at high excitation energy. 
Using a residual nuclear temperature distribution based upon the Fermi-gas 
model, we have performed calculations for two different assumptions concern
ing the cross section for compound-nucleus formation. Use of a constant for
mation cross section y i e l d s a closed expression for the spectrum involving 
the exponential Integral and incowolete gamma function. Use of an energy-
dependent formation cross section, calculated with the optical model, y ie lds 
a numerical double-Integral expression. Results obtained for the two assump
t ions agree well with experimental data, although there 1s a c lear preference 
for the calculation with the energy-dependent cross section. A comparison to 
the experimental data of Johansson and Holmqvlst 1' i s shown for the f iss ion 
of 2 3 5 U Induced by 0.53-MeV neutrons. 

At high excitat ion energy of the f i ss ioning nucleus, we Include contri
butions from second-chance (n.nf) f i ss ion and third-chance (n.Znf) f i ss ion by 
calculating both the energy spectrum of the neutrons evaporated prior to mul
t i p l e chance f i s s ion and, i f the residual nucleus f i s s ions , the neutron ener
gy spectrum from that f i s s i o n . 

Our formalism for the prompt f iss ion neutron spectrum has also been ap
plied to the calculation of the average prompt f iss ion neutron mult ipl ic i ty 
as a function of the _ 
f iss ioning nucleus and K 
I t s excitation energy. 5̂  
The calculated average ~ 
number of prompt neu- g 
trons per fission as a * 
function of the energy E 
of the neutron indue- 2 
Ing fission 1s In good | 
agreement with experl- fi 
mental data for sever- ^ 
al actinlde nuclei. £ 
Equally good agreement = 
has been obtained in c 

the case of spontane- £ 
ous fission. | 

0 3 10 13 
Laboratory Neutron Energy E (HeV) 

*Th1s work was suported by the U.S. Department of Energy. 
1. P. I . Johansson and B. Holmqvist, Nucl. Sc1. Eng. tt, 695 (1977). 

t Experiment 
a, = Constant 
a,(c) Becchetti-Oreenlees potential 

-J I I I L . - I 1 | , l I 

290 



IaTEflACTIQfr OF 14 heV •EUTRONS UITH BODY ELEHEaTS AND THEIR 
DOSE EVALUATIONS 

K. K. Itanocha* and R. K. "oh indra* * 

•Medical C o l l e g e , Rohtak, I n d i a 
•"Oepartaent of Physics , Kurukahstra U n i v a r s i t y , 

Kurukshatra-132119 I n d i a 

Using coapound nuclaua aodal theory, an a t t a a p t has bean 
aade to analyse nuclear react ions l l k a ( n , n ) . ( n , 2 n ) . ( n , n p ) . 
(n ,n° ( ) , ( n , p ) , ( n , p n ) ( ( n , p p ) , (n,pa<), ( n / ^ ) t ( n , * n ) , ( n ^ p ) , 
(n^/of) induced by neutrons around 14 nsV with body eleaents l i k a 
5 6 f a f * ° C a , S 9 K , 3 5 c i , 32s and 31P. B e t t e r ^ * l e v e l density 
aquation of Newton has been uaad to evaluate the apectra o f the 
e a i t t a d p a r t i c l e s . The coaputed apectra of the e a i t t a d par t ic laa 
have baen u a a d 3 " 6 ' to evaluate f i r s t c o l l i s i o n doaae to tha body 
and bona v i a above various nuclear react ions. Tha t o t a l f i r s t 
c o l l i s i o n nautron doses (around 14 Hetf) par u n i t neutron f lux to 
a standard Ban v ia the above var ious elaaants are about 
Cale iua - 1.66 x 1 0 - 1 1 r a d ; Phosphorus - 1.30 x 1 0 ~ 1 1 r a d . 
Potassiua - 2 . 8 5 x 10-12 r a d ; Sulphur - 2.78 x 10-12 r a d . 
Chlorine - 2 .01 x 10-12 P a d ; l r o n - 1.65 x 10-11a rad . 

Coapound nucleus theory being inadequate to pred ic t tha 
cross-sect ions o f l i g h t n u c l e i - H , C, H, 0 ; the bast ava i lab le 
expar iaenta l cross sections have bean used, fo r e s t i m a t i n g 7 ' 
14 NeV nautron dose to tha body and var ices t issues v i a thaae 
l i g h t n u c l e i . Froa the dose contr ibut iona o f the ind iv idua l 7) 
eleaente H, C f N, 0 o f the t i s s u e s , a sui table i n t e r p r e t a t i o n 
o f O.E.R. i a found. 

To have an idea of radiatioO* hazards and a ide a f fec ts i n 
neutron therapy, the a lphs f bata and gaama dose ra tes due to tha 
induced a c t i v i t y o f residual nuc le i i n tha various nuclear 
react ions have also baan coaputed3-7) using the aethods 
d e s c r i b e d 8 » 9 ; e a r l i e r . 
REFERENCES; 
1 . K.K. {lanocha and R.K. Hohindra: I n d . 3.Pure 4 Appid. Phvs.11 

( 1 9 7 3 ) 6 1 . 
2 . B.S.Uadhua, K.K. hanocha * R.K. fbhindraJ 

I n d . 3 . P U r e * Appld.Phys. J 2 ( l 9 7 4 ) 6 4 5 . 
3 . K.K.Hanocha * R.K. "oh indr * : 3 . R M d . R a a , ( 3 a o a n ) l B ( l 9 7 7 ) l 6 5 . 
4 . K.K.Manochs * R.K, Hohindra- Proc. I MSA ( Ind ian National 

Science Acadsay) £4A (No6J (1978)344. 
K.K.nanocha * M T T o h i n d r a : Proc.INSA.45A(No4)( i979)305. 
K.K.nanocha 4 R.K. ftahindra: Proc.IN5A.lTn P r e s s ) . 

7 . K.K.nanocha 4 R.K. hohindra: Indian J . R a d i o l . 33,(1979)236. 
B. K.K.nanocha * R.K. hohindra: Health Phys. (USA J730( l976J4B5. 
9 . K.K.flanocha, Ph.D. Thesis( l9B0) Kurukshetra Un ivers i ty , INDIA. 
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INVESTIGATIONS CONCERNING THE MYSTERY OF GRAVITATION 

F. Jordan'', Consultant to Stanford University Physics Department, 
Gravitational Wave Detector Experiment 

Nuclear Science Division 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

Several experiments have been conducted the past few years which have 
added to giving mankind a better understanding of gravity. This author, while 
employed for Martin Company in 1966-67, set up an experiment? based upon the 
Einstein/Weber model, wherein two cylinders having resonance coupling to each 
other, were acoustically and electromagnetically isolated from one another. The 
first cylinder was driven piezoelectrically independent of the second. Laser in 
terferometer and piezoelectric monitors coupled to maser amplifiers were cross-
correlated and an output at 1200 Hz was noted at the receiver. This near-field 
communications experiment was conducted with the receiver being 2m away from 
the sender. 

This author proposed the idea of gravitons transmuting into other elementary 
particles (or pair producing), further supporting Dr. J. Weber's findings con
cerning the existence of gravitational radiation. From an excited nuclear ap
proach, the production of gamma ray gravitons and photons is possible. 

Soviet experimental and theoretical investigation supports the concept that 
nuclear oscillations and resonance is the major contributor to generating gravi
tons of optical frequency. From the relativistic quantum mechanical equations 
(Jordan, Feynman, Heisenberg), one arrives at the expression for the Jordan 
energy transformation equation used by V. B . Broginskii. 

Experimental success of the Los Alamos Godivs reactor proves the feasibility 
for producing laser light directly from nuclear energy. Likewise, since laser 
systems can generate gravitons of gamma optical frequency, nuclear energy can 
be indirectly converted into gravitational energy. 

This author is in the process of measuring the change in decay rate from 
radioactive materials by a high-speed-rotor, in order to verify the Stanyukovich 
Model which predicts that an oscillating or rotating mass should give rise to 
gravitational waves. 

0.OOJ 

Frequency 1200 1200 

t This work was conducted at Martin Marietta Corp. 
. .Department of the Air Force. 
TTpresent addrens: Specialty Enterprises, Inc . , P.O. Box 143, Los Gatos, CA, 

95030. Also, Staff Engineer for Northern Telecom, Inc . , Santa Clara, CA. 
1. G. F. Jordan, in Principles of Nuclear Gravitation for Engineers and Scien

t i s t s , Vol II (Litton, Los Angeles, 1976), Lib. Congress Regis. No. A818842 
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and supported by the 
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14-50 MeV NUCLEON INDUCED REACTION CROSS SECTIONS— 
PRE-EQUILIBRIUM AND EQUILIBRIUM MECHANISMS 

M. Divadeenam 

National Nuclear Data Center 
Brookhaven National Laboratory 

Upton, N.Y. 11973 

Nucleon induced reaction cross sections and the energy spectra of emit
ted particles are calculated in the 14-50 MeV range. Master equation 
approach of the exciton model*' is employed in describing the equilibration 
process of the compound nucleus. Both pre-equilibrium and equilibrium comp-
nents of reaction cross sections are calculated by solving the master 
equations exactly up to t= - . Reaction cross sections and energy spectra for 
the (N.xy) reactions (x or y = n,p,d,t,h, or a) are calculated. 

In addition to the energy spectra of the outgoing particles, the knowl
edge of their angular distribution is desirable. Some success has been 
achieved 2 ' 3 ' 1n predicting the double differential cross sections d^o/dnde 
within the framework of generalized master equation exciton model. ' At high 
energies (>30 MeV) the model predictions are in good agreement with experi
ment. However, at lower energies (^14 MeV) lack of good agreement is 
reported at backwe d angles for some of the target nuclei studied. I t is 
possible that the equilibrium part (symmetric about 90°) of the angular 
distribution is not properly accounted for. This and the other parametric 
aspects of the model is under study. 

Calculated energy spectra and double differential cross sections will 
be compared to experiment for nucleon Induced reactions for Ni and for a few 
other nuclei. 

This work is supported by the U.S. Department of Energy 
1. 0. Bersillon and L. Faugere, NEANDC(E), 191 "L", 1977. 
2. G. Mantzouranis, G. Weidenmulier, H.A. Agassi, Z. Phys. A276, 145 (1976). 
3. J.M. Akkermans and H. Gruppelaar, CEN-60 (1979). 

J.M. Akkermans, H. Gruppelaar, and G. Reffo, ECN-79-161 (1979). 
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14-50 MeV NUCLEON INDUCED REACTION CROSS SECTIONS— 
PRE-EQUILIBRIUM AND EQUILIBRIUM MECHANISMS 

M. Divadeenam 

National Nuclear Data Center 
Brookhaven National Laboratory 

Upton, N.Y. 11973 

Nucleon induced reaction cross sections and the energy spectra of emit
ted particles are calculated in the 14-50 MeV range. Master equation 
approach of the exciton model 1' is employed in describing the equilibration 
process of the compound nucleus. Both pre-equillbrium and equilibrium compo
nents of reaction cross sections are calculated by solving the master 
equations exactly up to t=«. Reaction cross sections and energy spectra for 
the (N,xy) reactions (x or y = n,p,d,t,h, or a) are calculated. 

In addition to the energy spectra of the outgoing particles, the knowl
edge of their angular distribution is desirable. Some success has been 
achieved2.3) in predicting the double differential cross section d?o/dnde 
within the framework of generalized master equation exciton model.2) At high 
energies (>30 MeV) the model predictions are in good agreement with experi
ment. However, at lower energies (T-14 MeV) lack of good agreement is 
reported at backward angles for some of the target nuclei studied. It is 
possible that the equilibrium part (symmetric about 90°) of the anguler 
distribution is not properly accounted for. This and the other parametric 
aspects of the model is under study. 

Calculated energy spectra and double differential cross sections will 
be compared to experiment for nucleon induced reactions. 

This work Is supported by the U.S. Department of Energy. 
1. 0. Bersillon and L. Faugere, NEANDC(E), 191 "L", 1977. 
2. G. Mantzouranls, G. Weldenrculler, H.A. Agassi, Z. Phys. A276, 145 (1976). 
3. J.M. Akkermans and H. Gruppelaar, CEN-60 (1979). 

J.M. Akkermans, H. Gruppelaar and G. Reffo, ECN-79-161 (1979). 
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DEUTERON STRIPPING REACTIONS AS A THREE-BODY PROBLEM 

Ahmed Osman * 

International Centre for Theoretical Physics 
Trieste, Italy 

and 
Physics Department, Faculty of Science 

Cairo Universi ty 
Cairo, Egypt. 

Deuteron s t r ipp ing react ions are very useful in studying the nuclear 
s t a t i c p rope r t i e s of nuc le i . These reac t ions are i n t e r e s t i n g s ince they 
describe the in te rac t ion of an incident loosely bound deuteron with a heavy 
mass t a r g e t in t he entrance channel. The process of unese reac t ions have 
been videly s tudied with the help of t he DWBA approximation using the 
per turbat ion approach, but to imderstand the reaction mechanism, the th ree -
body aspects •'•) must be taken in to account. 

In the present work, a three-body model i s used in studying the deuteron 
s t r ipping r e a c t i o n s . Introducing a decomposition in to the angular momentum 
s t a t e s in the Lippmann-Schwinger equation and using the par t ia l -wave 
amplitudes 2 ) , t he wave functions of t h e 
three-body system are given by a se t of 
three i n t e g r a l equations. Numerical c a l 
culations of t he d i f f e ren t i a l c ro s s -
sections of t he 2 ° S i ( d , p ) 2 9 s i a t deuteron 
incident energy of 18.C MeV are ca r r i ed 
out using simple two-body in t e rac t ions with 
separable p o t e n t i a l s 3 ) t which reduce t he 
three-body problem t o one-dimensional 
Fredholm i n t e g r a l equations. The c a l 
culated angular d i s t r ibu t ions are compared 
with the experimental data, see t he 
f igure , giving extracted spectroscopic 
values of O.98U1 by using the DWBA c a l 
cu la t ions , and 0.9989 by using the present 
three-body model ca lcu la t ions . 

10.0 

1.0 

0.1 

0.01 

2 8Si(d,p) 2 9Si 

•The author is very grateful to Professor 
Abdus Salam, the International Atomic 
Energy Agency and UNESCO for hospitality 
at the International Centre for Theoretical 
Physics, Trieste. Thanks are also due to 
the Centro di Calcolo dell'Universita di 0 
Trieste for the use of the facilities. 
ll A. Osman, Phys. Letters 3UB (1971) U78. 
2) W. Glockle, Nucl. Phys. AjTTl (1970) 620. 
3) A. Osman, ICTP, Trieste, preprint IC/78/128 (1978) 

30 

C M 

60 
(deg) 

90 

295 



m INTERPRETATION OF SYMMETRIC vs. ASYMMETRIC FISSION+ 

C. Chung* and J. J. Hogan 
Department of Chemistry, McGill University 

Montreal, Quebec, Canada H3A ZK6 
In recent years, it has been commonly 

assumed that low excitation energy fission may be 
correlated with asymmetric mass distributions and 
equal charge displacement while fission from a 
highly excited nucleus leads to symmetric fission 
and unchanged charge distribution. However, in 
the course of extending our study of the fission-
ability of thoriunr) to include ab initio calcu
lations of charge dispersion2) we have found 
that symmetric/asymmetric mass distributions 
correlate to the identity of the fissioning 
nuclide, rather than its excitation energy. A 
recent report 3) also suggested that the onset of \ „ 
the symmetric fission peak in Th(p,f) is attrib
utable to the opening of a new channel in multi-
chance fission. 

This work reports the results of applying 
this interpretation to experimental mass yield 
curves ranging from spontaneous to 60 MeV 
particle-induced fission for nuclides from Z = 
80 to 105. Multi-chance fission mass yield curves were decomposed into 
symmetric and asymmetric parts. The excitation energy at which the symmetric 
peak becomes noticeable is used to define the fissioning nucleus which has 
just become available in the evaporation chain. More than 100 nuclides for 
which data is available were tested and the Z 2/A for symmetric/asymmetric 
noted (see figure). It has been found that all nuclides with Z 2/A less than 
a critical valL? given by 36+0.5 (Z-91) fission asymmetrically while those 
with higher Z z/« fission symmetrically. All nuclides in the Th-Pu region are 
correctly predicted. 

Utilizing the Exciton Model with fission option 1), we have evaluated the 
distribution of fissioning nuclei in Th fission to 85 MeV. Dividing these 
according to their values of Z 2/A, we find the relative symmetric and asym
metric fission yields may be correctly predicted at all energies. Those 
fissioning nuclides having Z 2/A less than, or more than, the critical value 
were then assumed to divide in accord with the equal charge displacement or 
unchanged charge distribution theories, respectively. With this assumption, 
the experimental charge dispersion curves may be successfully calculated as 
a function of both mass and excitation energy. 
Work supported by National Research Council of Canada. 

•Present address: Department of Physics, Brookhaven National Laboratory, 
Upton, New York 11973. 
1. J. J. Hogan, E. Gadioli, E. Gadioli-Erba, and C. Chung, Phys. Rev. C20 

(1979) 1831 
2. C. Chung, Ph.D. Thesis, McGill University (1980) 
3. R. Eaker, H. S. Plendl, A. F. Zeller, A. Clem, L. Muga, and J. M. 

Nicovich, Phys. Rev. C20 (1979) 1055 
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EVIDENCE FOR HIGHER ORDER Z x EFFECTS IN HEAVY ION STOPPING POWERS' 

J.M. Anthony and W. A. Lanfordt 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

k4$3^ 

We have made a study of the ranges of energetic heavy ions (Zj = 14, 28, 79 
and Ei< 3 MeV/amu) in thick targets (Z2 = 29, 47, 82 and t< 10 mg/cm2). The re
sults suggest modifications of current stopping power compilations. *t 2 j Two effects 
are seen, including 1) non-linearity of Stopping Power vs. Velocity curves at low 
energies, and 2) for some Zj, Z 2 combinations the 
stopping power peak occurs at substantially lower 
energies than the current tables'''*2) predict. Di
rect dE/dx measurements made in two of these 
cases (Ni in Cu, Ag) confirm these features. 

The non-linearity of dE/dx at low velocities 
has been seen by other workers. Nesbet and Zieg
ler 3) suggested a method for fitting these data which | 
gives good agreement with our measurements (Ni in g 
Cu, Ag) up to V 2= 4 V„ (V0 = e2/fi). 

An expression for the ion effective charge 
was necessary in order to study the effects of Z^ 
and Z j 4 corrections to our dE/dx measurements. 
Following Porter, 4 ) we chose Zirff/Zj = 1 -
exp (-XV_) where V r = V/V0Z^ Sand X is a search 
parameter. Higher order corrections were essen
tially those of Lindhard,5) while values of the Bethe 
stopping number L 0 were taken from Andersen,6) 
et al. 

The results (solid curve) are shown along 
with the calculations of Ziegler2) (dashed curve) and 
Northcliffe and Schilling1] (dot-dash). Although the 
Cu and Ag data appear quite different with respect 
to the standard curves, use of the Z j 3 and Zj* 
corrections allows satisfactory fits in both cases. 
Values of the parameter X were found to be 0.821 
for Ni in Co and 0.824 for Ni in Ag, which is con
sistent with the assumption that the ion effective charge is relatively independent of 
the target material. 

SO 100 
EfCRGY (MeV) 

1 &SL 
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-NimAg -
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* Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
t Present address: Dept. of Physics, S.U.N.Y., Albany, New York 12222 
1) L.C. Northcliffe and R.F. Schilling, Nucl. Data Tables A 7̂  (1970)233 
2) Private communication from J. F. Ziegler 
3) R.K. Nesbet and J.F. Ziegler, Appl. Phys. Lett. 31 (12) (1977) 810 
4) L. E. Porter, Phys. Rev. B 16 (1977) 1812 
5) J. Lindhard, Nuc. Instruments and Methods K)2 (1976) 1 
6) H. H. Andersen, J. F. Bak, H. Knudsen, and B. R. Nielsen, Phys. Rev. A 16 

(1977) 1929 
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TEKTITE WEATHERING* 

P.H. LaMarche, W.A. LanfordT, F. Rauchft 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

Tektltes are natural glassy objects found distributed over large but localized 
regions of the earth's surface. Tektites found within one of these localized fields are 
homogeneous in composition and are the same age as radiometrically determined. 
Because many tektites are found that are quite old (~10^ years) and yet retain intri
cate aerodynamic shapes showing no obvious signs of weathering, we have been inves
tigating the weathering of tektites. Two suggestions of the origin of the tektites are 
(1) that they are formed during violent collisions of meteors with the earth's surface 
and (2) that they result from volcanic eruptions on the moon with material escaping 
the moon's gravitational field being captured by the earth. *) 

A single large Indochinite was fractured and the pieces were placed in 90°C 
water for various t imes. We subsequently measured the hydrogen depth profiles for 
these pieces using a nuclear reaction technique based on the ISN^H, ay) 1 2 C resonant 
reaction. 2) Unlike other silicate glasses we have studied (natural obsidians 3) and 
man-made glasses 4 > 5 ) we have found little or no correlation between immersion time 
and surface hydrogen. 

Upon examination of 
the various pieces under a 
scanning electron microscope 
we found etch pits in the sur
face along cracks and other 
imperfections. The width of 
the etch pits from several 
areas were measured on each 
piece and there was little 
variation. 

Plotted in the accom
panying figure i s the radius 
of the etch pits versus im
mersion time. The line in
dicates that the tektite is dis
solving in the 90 °C water at a rate of ~ 9 x 1 0 " 1 1 cm/sec. This etch rate is similar 
to that found for commerical soda lime g la s s 4 ) (2 x 1 0 " 1 1 cm/sec) and reactor waste 
g las ses 5 ) (~10 x 1 0 - 1 1 cm/sec). 
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* Work supported by D.O.E. Contract No. DE-ACO2-76EHO3074 
t Present address: Dept. of Physics, S. U. N. Y. , Albany, New York 
f t Present address: Institut fur Kernphysik der Un. Frankfurt, Frankfurt, W. 
1) J. O'Keefe, Sci. Am. 293 (August 1978) 116 
2) W.A. Lanford, et al. Appl. Phys. Lett. 28 (1976) 566 
3) W.A. Lanford and T. Laursen, Nature 276 (1978) 153 
4) W.A. Lanford et a l . , J. of Non-Crys. Sol. 33 (1979) 249 
5) W.A. Lanford, IEEE Trans, on Nuc. Sci. 26 (19™) 1795 
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HYDROGEN ADSORPTION ON THE SURFACE OF NICKEL FOILS* 

P.H. LaMarche, W.A. Lanfordt 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 
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a an attempt to make large hydrogen free surfaces suitable for ultracold 
neutron bottles, we have been 
studying the hydrogen surface 
contamination on various ma
terials (Si0 2, Ni, W, Ti, 304 
Stainless Steel, Ta, Zr, Fe) in j 
a vacuum of 10-6 torr. We 
measure the concentration 
versus depth using the 1 5 N pro
filing technique. 1) All of these 
materials can be cleaned by 
heating to ~ 1 0 3 °C but they im
mediately begin to become re-
contaminated as soon as they cool 
back to room temperature. For 
metals, rather surprisingly, the hy
drogen recontamination rate (see fig. 
1) is very sensitive to the thickness 
of the metal foil even though the \ ac-
uum conditions are the same for all 
foils. Shown in the figure is the con
centration of surface hydrogen versus 
time after the heating was stopped for 
nickel foils of various thicknesses. 
We plot (in fig. 2) the Initial slope 
of these curves versus inverse thick
ness, the result of which is consistent 
with a straight line. We conclude 
from this study that hydrogen absorbed jjj 
on the cleaned metal surface can 
either remain on the surface or dif
fuse into the bulk of the metal, prob
ably retained on the internal grain 2 
boundary surfaces. This pattern of hydrogen transport may be general and of impor
tance to such varied fields as the containment of ultracold neutrons in bottles, hydro
gen metallurgy and catalysis, and construction of ultrahigh vacuum chambers. 

* Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
t Present address: Dept. of Physics, S. U. N. Y., Albany, New York 12222 
1) W.A. Lanford et al„ Appl. Phys. Lett. 28 (1976) 566 
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FAST HEAVY ION INDUCED DESORPTION OF MOLECULES* 

P. Hakansson, A. Johansson, 
I . Kamensky and B. Sundqvist 

Tandem Accelerator Laboratory 
Un ive rs i t y of Uppsala 

Sweden 

P. Peterson and J. Fohlman 
Institute for CelI Research 
The Wallenberg Laboratory 

University of Uppsala 
Sweden 

Fast heavy ions such as fission fragments from a Cf-source were found to 
cause desorptlon of large thermally labile bio-molecules by Macfarlane and 
coworkers". This effect has been exploited in mass spectroscopy on numerous 
organic compounds^'. 

We have studied the mechanism for this process by measuring yields of 
molecular ions from samples of Csl, C4Hg03N2 (glycylglycine) and C28H44O 
(ergosterol) as a function of velocity and angle of incidence for different 
fast heavy ions from the Uppsala EN-tandem accelerator. The experimental set 
up consists of a time-of-fIight mass spectrometer. The striking experimental 
finding is that there is a threshold velocity above which the yields increase 
dramatically. The threshold velocity is found to be independent of the angle 
of incidence and heavy ion used within the experimental uncertainties. 
However, different sample molecules give different threshold velocities. In 
the figure the yields of Cs+-ions for different fast heavy ions are shown. A 
possible explanation for the effect may be that swift heavy ions induce shock-
wave electron-density fluctuations in the sample which cause the desorption. 
Such density fluctuations would appear in 
the velocity region found here. Also the 
recently proposed3) core-hole Auger-decay 
model for electron-stimulated desorption 
would give a similar threshold effect due 
to the velocity dependence of the cross 
section for core-vacancy production by 
fast heavy ions. However, this + 

explanation seems less likely as no 0 -
ions are found in spectra from maximum 
valence oxides as Ti02-

Using a Cf-source we have also 
studied mass spectra of aminoacids, 
peptides and vitamine-D compounds to _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
clearlfy the field of applications of _ - _ , __ _ « 
this process. Characteristic features of U - * *••* .5. 
spectra of positive and negative ions V(10 C m / S | 
will be Illustrated as well as the 
possibility to perform quantitative analyses with this technique. 

This work was supported by the Swedish National Science Research Council. 

1. R.D. Macfarlane, R.P. Skowronski and D.F. Torgerson, Biochem and Biophys 
Res. Com. 60 (1974) 616 

2. R.D. MacfafTane and D.F. Torgerson, Science 191 (1976) 920 
3. M.L. Knotek and P. Feibelman, Phys. Rev. Lett. 40 (1978) 964 
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APPLICATION OF COMPTON SCATTERING AS A NONDESTRUCTIVE, 
NONRADIOGRAPHIC INSPECTION TECHNIQUE* 

D. G. Costello, ] . M. Dickerson, ] . John, M. B. Marlowe, L. A. Parks, 
C A. Preskitt, N. R. Rubinstein, A. P. Trippe, and H. 3. Weber 

IRT Corporation 
7630 Convoy Court 

San Diego, CA 92111 

X M. Argento, E. G. Barnes, and G. P. Drucker 

U.S. Army Armaments Research and Development Command 
Dover, New Jersey 

A nondestructive inspection method employing the detection of Compton scat
tered gamma rays to measure density variations within materials has been developed to 
detect cracks and cavities in the high explosive filler of steel cased artillery 
projectiles. The filmless inspection system is referred to as an Automatic Jnspection 
Device for Explosive Charge in Shells (project acronym AIDECS). AIDECS will provide 
100 percent inspection with fast throughput (~1 projectile/min) and will be totally 
computer controlled. 

Basically, scintillation detectors are collimated such that they detect Compton 
scattered gamma rays from a specific portion of a collimated e o Co gamma-ray beam. 
The projectile is moved through this inspection volume and current from the anodes of 
the detectors' photomultiplier tubes is digitized for specific volumes within the 
projectile. The digitized current is directly related to the density within the given 
volume element. A decrease in current corresponds to a void; an increase in signal 
corresponds to an inclusion. The system computer maintains a one to one relationship 
between the spatial location of the projectile and the detectors' currents. In this way, 
density dependent responses for the total volume of the projectile are obtained in three 
dimensions. Fig. 1 is a schematic of the AIDECS apparatus. 

1 V - i ^ ^ " PROJECTILE 

50URCE \ / \ 
COLLIMATOR Y X 

/ 
SCATTERING 

COLLIHAT0R/DETECT0R' 

DATA 
ACQUISITION. 
ANALV5IS, 

AND 
CONTROL 

COMPUTERS 

Fig. 1. Fig. 2. 

Fig. 2 shows a typical response curve obtained by rotating a 105 mm projectile in 
the gamma-ray beam. Two 0.16 cm diameter x 0.41 cm long cavities intercepted the 
beam at the detector inspection point and their effects are seen at 0 = *5 degrees and 
9 = 225 degrees. The maximum signal change for each defect is 2.1 percent. AIDECS 
presently is capable of reliably detecting and identifying cracks smaller than 0.7 mm 
wide, porosity, and separation of the charge from the base smaller than 0.7 mm, in 
addition to the small cavities. The positions of the defects in the projectile may be 
specified to better than 0.8 mm. 

In summary, the use of Compton scattering as described should, in some cases, 
provide a better means for nondestructive inspection than currently available as well as 
enable the nondestructive inspection of materials currently unresponsive to inspection. 
•This work was supported by the Army Materials and Mechanics Research Center, 
Watertown, MA and the Army Armament R&D Command, Dover, N3. 
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HIGH-SPIN STATES IN N=50 ISOTONES 
K. Huto, T. Shimano and H. Horie 

Department of Physics 
Tokyo Institute of Technology 

Oh-okayama, Meguro-ku, Tokyo, 152 Japan 
Recently high-spin states have been observed in N=50 iso-

tones. ' In 9lNb, the observed gamma-decay properties indicate 
positive parities for the high-spin states above 4 MeV and 
existence of two structures which are substantially different. 
They cannot be explained by the proton (Pi/2'99/2^ model, and 
neutron core excitation is suggested as a possible origin of 
these states. ' 

We tried a shell-model calculation as follows. In addition 
to the proton (Pi/2'99/2'A~88 configuration, one proton or 
neutron is allowed to excite from the P1/2 or gg/2 shell to 
the d 5/ 2 shell. Effective interactions in the Pi/2~99/2 sx*b~ 
shells are taken from ref 2). Matrix elements concerning the 
*5/2 nucleon a re t aken from 

91 
- 3 W 

Nb 

<E/£5_L -eatfr 
-C3/2Y" 
21«« 

-ci/a 

ref 3) and from the observed 
spectra of 9 0 Y , and are supple
mented with the MSDI and phenome-
nological-potential interaction. 
The s.p.e. of dg/2 neutron is set 
to the difference of binding 
energies of 8 9Sr and 8 8Sr. 

The calculated level scheme 
of positive-parity states in °*Nb 
is compared with the observed one 
in the figure. The lowest three 
members of the one structure 
above 4 MeV is satisfactory 
reproduced by the g g / 2 - n e u t r o n 

excitation. The wave functions 
are quite well described by 
coupling of neutron particle-
hole to the '^Nb ground state. 
Negative-parity high-spin states 
appear above 5.8 MeV. Therefore, 
the other structure of the 
observed energy spectra may be 
attributed to Z=38 core exci
tation. It is also revealed that 
almost all the calculated levels 
have very small mixing of configurations. 

Further experiments of high-spin states in this mass region 
will be requested. 

-31/2* 

-•are -wrt 
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C.A.F ie lds , J . J . K r a u s h a a r , R.A.Ris t inen and L.E.Samuelson, 
Nucl .Phys . A326 (1979) 55; C.A.Fie lds and L.E.Samuelson, 
Phys.Rev. C2£ (1979) 2442 
R.Gross and A.Frenkel, Nucl.Phys. A267 (1976) 85 
H.Fann, J.P.Schiffer and U.Strohbusch, Phys.Lett. 44B (1973) 
19 
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POSSIBLE ONSET OF THE ROTATIONAL-ALIGNED 
COUPLING SCHEME AT N = 89 

1 1 1 1 

ABSOLUTE TRANSITICN RATES 

W. A n d r e j t s c h e f f 
R u t g e r s U n i v e r s i t y , N u c l e a r P h y s i c s Laboratory , 1 " 

New Brunswick, New J e r s e y 0 8 9 0 3 , USA 
and 

T. M. Huminov 
Joint Institute of Nuclear Research, Dubna, USSR 

Transition strengths B(E1) in odd-neutron deformed nuclei 
surprisingly reveal a pronounced minimum at N = 91 which has not 
been understood so far*'. The El transitions considered connect 
the almost unperturbed ll/2"505 state with members of the posi
tive-parity band explained by the strong Coriolis mixing of 
il3/2 orbitals. The analysis 
showed that some known effects 
(e.g. pairing correlations) 
are not responsible for the 
strange minimum. Now, we 
propose a possible explan
ation for this behavior. 

The El transitions in 
question are K-allowed to 
9/2+624, ll/2+515 and 13/2+606 
components in the wave func
tions (WF) of the final states JQ 10" 
With decreasing neutron number m 
above the N = 82 gap, the • '"f 
admixture amplitudes of these 
orbitals decrease as confirmed 
by earlier calculations in 
odd-A Er isotopes. This ex
plains the decrease of the 
B(E1) strengths from N = 97 to 
N = 91. The sudden strong in
crease of B(E1) between N = 91 
and 89 indicates a new consid
erable increase of the 
B = 9/2 +, ll/2 + and 13/2+ com
ponents in the WF. 

Such an increase can be caused by a new coupling scheme 2) 
with the odd neutron aligned along the axis of rotation and the 
WF of the it = (+) states represented by a strong mixing of all 
possible fl-values. The onset of this coupling scheme can be 
associated with the smooth decrease of deformation ^ ) . 

*0n leave from Institute of Nuclear Research, Sofia, Bulgaria. 
"•"Supported in part by the National Science Foundation. 
1. W. Andrejtscheff et al., 29th Conf. Nucl. Structure 1979, 

Nauka, Leningrad, p. 289 and Proc. Intern. Symp. on Nuclei 
Far from Stability, Nashville 1979, North-Holl. (1980) 

i/a i /r 150S1 

89 91 93 95 97 
NEUTRON NUMBER N 

F. S. S t e p h e n s , R. 
44B (1973) 429 

H. Diamond and S. Nilsson, Phys. Lett. 
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Yrast Isomers in 1 5 2 D y 
Y. Nagai , J. Styczen' , H. Piiparinen , P. Kleinheinz 

Institut fur Kernphysik 
KFA Jiilich, D-5170 JUlich, F.R. Germany 

Some time ago 1) the yrast states up to 12.7 MeV excitation in the 1 5 2 D y 
nucleus have been observed, and the slope of its yrast line has been inten
sely 1" 3) discussed in terms of a fermigas model and (oblate) nuclear deforma
tion. More recent T j / 2 and polarization measurements'*) gave relative parities 
and confirmed the relative spins for the levels above the 60 ns isomer5) at 
E x = 5 MeV. However, the data from different groups 1! 5" 6) on the levels below 
5 MeV so far are contradictory. In particular, disagreement 5.i»6) exists about 
the occurance of a low-energy isomeric transition de-exciting the 5 MeV 60 ns 
isomer, and about the multipolarity5"1) of the next lower 604 keV transition 
(see fig.). The so far available data therefore would allow l"= 15±, 16±, 17± 
or 18± for the 60 ns isomer, with equal uncertainties for all higher lying 
states. 

We have reinvestigated 1 5 2 D y in an (o,4n) four parameter y-y coincidence 
experiment. Application of a recoil shadow technique eliminated the intense K 
and L X-rays arising from target ionization. The data reveal a 53.3+0.2 keV 
Y transition which is shown to be the 60 ns isomeric transition in 1 5 2 D y . Its 
multipolarity must be determined from the coincidence data since in the singles 
spectra the transition is not resolved from the 53.5 keV Dy K„ X-ray and the 
53.4 keV (T 1/ 2=l/2 sec) transition in 7 3Ge. Three independent intensity ratios 
(see table) give E2 multipolarity for the 53.3 keV isomeric transition. 
Intensity ratio El Ml E2 M2 experiment 
Dy KX/53 14 5.3 .56 .21 .48(16) 
4-(604+610)/53 1.0 2.7 26 67 21(6) 
Dy KX/53 .04 .26 3.2 9.1 1.5(6) 

From these coincidence studies we also found that the lowest yrast isomer 
in 1 5 2 D y is the 11" level at 3161 keV. Its half life is Tj/ 2 =4.3±0.9 ns. 

Conversion electron spectra measured between cyclotron beam bursts gave 
K values for the transitions below the 50 ns isomer, in particular the 604 keV 
transition is found to be of Ml character. 

From the present work the spins and parities of the i 5 2 D y yrast states 
above 4.5 MeV are now determined, which makes detailed theoretical discussion 
of these data more meaningful. 
+ on leave from the Osaka Univ., 

Japan 
++ on leave from the Inst, of Nucl. 

Physics, Cracow, Poland 
+++ Alex, von Humboldt fellow 78/80 
1. T.L. Khoo et al., Phys. Rev. Lett. 

41 (1978) 1027 
2. TTL. Khoo, Proc. ASHPIN, ANL/PHY-

79-4, p. 95 
3. T.L. Khoo et al., Phys. Lett, 

in press 
4. B. Haas et al., Phys. Lett. 

84B (1979) 178 
5. TT.W. Jansen et al., Nucl. Phys. 

A321 (1979) 365 
6. J.C. Merdinger et al., Phys. Rev. 

Lett. 42 (1979) 23 

17 1 7 3 6 ^ ^ 1808.683.. 
11~Ti/2=4.3ns 
9" 

leDyse 
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GENERALIZED OPTICAL MODEL FOR TRANSITIONAL NUCLEI 
BASED ON THE DYNAMIC DEFORMATION THEORY 

A. Aase, K. Kumar and J. S. Vaagen 
Department of Physics, University of Bergen, Berqen, Norway 

The present formulation of the dynamic deformation theory (DDT) ' has 
proven succesful in describing energy and electromagnetic properties of a 
wide range of nuclei with no need for parameter adjustments from one nucleus 
to the next. We are presently testing the quality of the DDT wave functions 
with respect to particel transfer reactions and inelastic scattering. Thus 
we have generalized the optical model for permanently deformed nuclei to 
become a dynamical model in the 
shape coordinates (9,r). The 
general structure of the scatter
ing form factors becomes 
<n'I'||VL(r)||nI>= 

I' G^AlI'L) sKK' «n'rK' |VU (r)|nIK» 

where s = + , - , G is a 3j-symbol and 
the double brackets symbolize an 
integration over the deformation 
coordinates, where the in t r ins ic 
form factors are weighted with the 
vibrational amplitudes for the 
states being connected. The i n 
t r i ns i c nuclear form factors 
correspond for each shape to a de
formed Fermi function with equi-
value surfaces of the Hill-Wheeler 
el l ipsoidal t ype ' ) , so as to con
serve the volume for a l l shapes. 

The f igure shows the result 
of a test calculation (coupled 
channels) for 7 6 G e ( p , p M with 
data from re f .2 ) . A qu e sat is
factory overall description of the 
f i ve lowest ly ing states is ob
tained. This is g ra t i fy ing since 
a quite complicated nuclear struc
ture is involved with r ich variations from level 
f i t in a phenomenological vibrational model 
number of f i t t i n g parameters. 

0i7 fm 

to leve l . A s imi lar qual i ty 
(dashed curves) requires a large 

1) K. Kumar et a l . Phys. Rev. C16 (1977) 1235; K. Kumar, in "Structure of 
Medium - iieavy Nuclei 1979",-fT>ie Ins t i tu te of Physics, London) p. 169. 

2) T.H. Curtis et a l . Phys. Rev. 01(1970)^18. 
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BAND STRUCTURE OF 8 2Sr AND THE INTERACTING BOSON MODEL • 
A. Dewald, U. Kaup, W. Gast, A. Gelberg, K. O. Zell, 

and P. von Brentano 
Instltut fUr Kernphyslk der Universitat zu Koln, 

D-5000 Koln 41, West-Germany 
The excited levels of e zSr have been studied by means of y-

ray spectroscopy using the reactions 7 2Ge( 1 2C f2n), °6Zn(15F,p2n), 
and 7*Br(6Li,3n). It has been possible to Identify three bands 
viz the g.s.b. up to 10+, the quasi •»•-band up to 14+, and a band 
of negative parity whose level ordering is still uncertain. 

By means of the Proton-Neutron-Interacting Boson Model 
(IBM-2) 1> we could well describe the states of the ground state 
band and those of the y-band up to 7"*". Only two parameters have 
been varied compared to the description of the isotone 8 0Kr. At 
spin 8+ the y-band displays backbending which exhibits the influ
ence of the (vg9^2)~28+ configuration. There is a great similari
ty between the family of states based on the 8$ state up to 14+ 
and the around state band of 81|Sr uo to 6+ which could point to a 
(\>g9̂ 2) • 81,Sr (decoupled?) structure for these states, as 
suggested in the figure. This assignment must be considered tenta
tive, however, as the band crossing is not very conspicuous. Mea
suring the B(E2) values will provide information on the degree 
of mixing with the states of the y-band. 
1) T. Otsuka, A. Arima, F. Iachello, I. Talml, Phys. Lett. 76B, 

139 (1978) 

Fig. 1: 
On the left aide are 
given the experimen
tal levels of 82 Sr. 
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CORRELATIONS BETWEEN MOMENTS OF INERTIA AND CLOSED-SHELL MASSES OF 
GROUND STATE BANDS IN EVEN-Z, EVEN-N NUCLEI 

Robert K. Smlther 

Physics Division 
Argonne National Laboratory* 

Argonne, IL 60439 

Considerable information is now available on the ground state rotational 
bands and quasi-bands in even-Z, even-N nuclei. A representative sample of 
this data (A= 120-242) is plotted in Fig. 1. Two things are noted in a plot 
of this type. First, the data breaks up into groups based on their slopes. 
The breaks occur at the closure of major proton and neutron shells. The last 
closed proton and neutron shells for the upper group are Z = 50 and N = 50; for 
the middle group, Z=50 and N = 82; and for the lower group, Z=82 and N=126, 
respectively. The second interesting feature is that although the slopes of 
the lines differ by factors of two between members of the same group at low 
spin, they become quite similar for all members of the group at higher spins 

(I i 8). This trend can be more 
easily seen in Fig. 2 where the 
moment of inertia, -V, of each band 
(calculated from the energy spacing 
between the 8+ and 10+ levels) is 
plotted verses A, the atomic weight. 
The dependence of the moment of 
inertia of a rigid rotor on its 
mass, •<(= constant x A 5' 3 , is indi
cated by the slanted line. The 

moment of inertia values within each 
group show no mass dependence. The 
average value for each group, however, 
does show a strong mass dependence 
that follows the predictions for a 
rigid rotor (A 5/ 3) quite closely (see 
horizontal lines) if one uses the mass 
of the closed-shell nucleons in each 
nucleus. In summary, the moment of 
inertia of an even-Z, even-N nucleus 
in this mass region appears to be 
correlated with the mass of its £• 
closed-shell nucleons and is affected only slightly by the nucleons outside 
closed shells and by its deformation. 
Work supported by the Nuclear Science Division of the U. S. Department of 
Energy. 
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A Quantitative Description of Band-crossing 
in J-X3/2 Particles-Soft Rotor Coupling Model 

Akitsu Ikeda and Naoki Onishi 
Physics Department, Tokyo Institute of Technology, 
Oh-okayama, Meguro, Tokyo 
Institute for Physics, College of General Education, 
University of Tokyo, Komaba, Meguro, Tokyo 

The backbend of rotational bands of deformed rare earth 
nuclei can be regarded as a manifestation of interaction 
between collective rotation and the internal degrees of freedom. 
Particles in the unique-parity orbits are most strongly influ
enced by the interaction and change their motion relative to 
the collective rotation very sharply at a certain spin. Based 
on these physical considerations, we have proposed1' a model of 
^13/2 particles coupled to a soft rotor which is described in 
terms of angular momentum projected states out of a coherent 
boson state. In order 
to be realistic it is 
important to take into 
account the pairing 
correlation and, 
therefore, the number 
of particles in i-13/2 
is not fixed but 
allowed to take on 
various values 
equivalently to the 
BCS theory. In 
addition to the pairing 
and the quadrupole 
coupling, we have 
t'ncluded OK-J term where and J are angular 
momentum operators 
of the rotor and the 
particles, respectively. 
The purpose of our study is to quantitatively describe the 
backbending rotational bands. We have performed numerical 
calculations for a series of Er isotopes using the full space 
for ii3/2n- T n e Lanczos method is used for diagonalization. 
We have obtained very satisfying fits to experiments. As an 
example the theoretical excitation energies are shown in the 
Table for 164Er (experimental values are in parenthesis). 
1. A. Ikeda, M. Kitajima, M. Miyawaki, N. Onishi, Phys. Letters 

85B, (1979) 172 

8 T 

10* 
12* 
14* 
16* 
18* 
20* 

g-band S-band 
0 (0) 1688 
93 (92) 1763 
303 (300) 1916 
618 (614) 2084 
1025 (1024) 2219 
1516 (1518) 2355 
2082 (2082) 2553 (2518) 
2723 (2700) 2829 (2874) 
3443 (3410) 3253 (3261) 
4225 (4120) 3759 (3767) 
5004 (4867) 4359 (4344) 
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BEHAVIOUR OF 1 5 6 E r AT HIGH ANGULAR MOMENTUM 
J.Dudek, W.Nazarewicz and Z.Szymanski 

Warsaw University, Institute for Nuclear Research and the Technical University 
Hoza 69, 00-681 

F.A.Beck, T.Byrski , C.Gehringer, O.C.Merdinger, Y.Schutz and J.P.Vivien 
Centre de Recherches Nucl6aires et l in iversi te L.Pasteur,F-67037 Strasbourg 

A second anomaly in the moment of i ne r t i a has been observed i n ' " £ r ' 
and iGOyb z ) and explained as the alignment of an hn /g proton pa i r . The 
magnitude of the break in the backbending curve has been shown to be an osci l
latory function with respect to Z. In order to study the role of the neutron 
number, we have investigated the yrast levels of 15bEr using the l ^Pr ( ' 9 F,4n) 
reaction. The experiments were performed with use of the 95 MeV 1 9 F beam from 
the Strasbourg MP tandem accelerator. High resolution y-y coincidence measu
rements, directional y-y correlation measurements and relat ive -^-ray y ie ld 
measurements as a function of beam energy provided the information necessary 
to deduce the level scheme up to F=Z6 + and tentat ively up to I l r =28 + (lefthand 
side of the f i gu re ) . In a previous study 3) using an '°0 beam, the levels with 
spin up to 2411 were ident i f ied . The conventionnalSffa2) p l o t , also represen
ted in the f igure , exhibits a strong backbending at l"=Zr. 

The data were analysed in terms of the HFB cranking method in i t s pairing 
self-consistent version of re f .4 . The nuclear hamiltonian was represented by 
deformed Woods-Saxon and monopole pair ing f i e l d s . Unlike the 16°Yb nucleus, 
the second anomaly fo r 156r£r - j S j - j n t n e present calculations, caused by the 
neutron pairing collapse 
(crossing of the nuclear 
"superfluid" and "non 
superfluid" (An=0) bands, 
righthand side of the 
f igure) . The second 
i r regu lar i t ies i n both 
nuclei were obtained 
using the same method 
and a common set of para
meters (see papers quoted 
in ref.4) at the Strutinsky 
equilibrium deformations. 
The alternative possibi 
l i t y that the second i r r e 
gular i ty in 156£r i s caused 
by crossing with the two 
quasi part ic le proton band 
has not been completely 
excluded and possibly a suf f ic ient ly large variat ion of deformation w i l l 
provide the appearance of a proton e f fec t . 

1 . I.Y.Lee, M.M.Aleonard, M.A.Deleplanque, Y.El-Masri, O.O.Newton, R.S.Simon. 
R.M.Diamond and F.S.Stephens, Phys.Rev.Lett. 38 (1977) 1454. 

2. F.A.Beck, E.Bozek, T.Byrski, C.Gehringer, J .Oerd inger , Y.Schutz, 
O.Styczen and O.P.Vivien, Phys.Rev.Lett. 42 (1979) 493. 

3. A.W.Sunyar, E. de Mateossian, O.C.Kistner, A.Johnson, A.H.Lumpkin, 
and P.Thieberger, Phys.Lett. 62B (1976) 283. 

4. S.Cwiok, W.Nazarewicz, O.Dude1T~J.Skalski and Z.Szymanski, Nucl.Phys. 
A333 (1980) 139. 
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LIFETIME OF YRAST LEVELS AND COMPOSITE SIDE FEEDING 
TIMES IN 7 6Kr 

1 2 1 2 1 1 
Z. Z. Zhao, " X. J. Sun ' , R. B. Piercey, J. H. Hamilton, 

C. F. Maguire.l A. V. Ramayya,1 R. L. Robinson,3 H. J. Kim, 3 and J. Wells 4 

iphysics Dept., Vanderbilt Univ., Nashville, TN 37235 
^Institute of Modern Physics, Lanchow, Peoples Rebpublic of China 

30ak Ridge National Laboratory, Oak Ridge, TN 37830 
^Physics Dept., Tennessee Technological University, Cookeville, TN 38501 

Earlier we reported1' the energies, spins, and parities of levels populated 
in 7 6Kr vis the ° 6Zn( 1 2C,2n) reaction. One recent study 2) of the lifetimes in 
7 8Kr has reported a drop-off in the lifetimes of yrast levels at high spin 
(14 +-16 +). The drop-off was interpreted as evidence for the validity of the 
interacting boson approximation since the finite number of bosons results in 
just such a prediction. However, there is a serious question as to whether 
the yrast band at those high spins is a pure extension of the ground state 
band, or states with more complex structure. Our systematic studies3' of this 
mass region have indicated that the yrast line can become quite complicated at 
high spin. Forking at the 8 + level in B 0Kr is interpreted as arrising from 
the crossing of gsb by a rotation aligned band built on the (go/2)Z configura
tion3' . We interpret the high spin 14 + and 16 states in 7 8Kr as members of a 
rotation aligned band. Also, the experimental situation in extracting life
times in 7 8Kr is complicated by the fact that the 12-10 and 10-8 transitions 
have the same energy. In order to study the question of possible drop off in 
collectivity at high spin, we have measured the lifetimes of the yrast levels 
in the neighboring e-e nucleus 7 6Kr using the DSAM. 

The excited 7 6Kr nuclei were produced via the 6 6Z( 1 2C,2n) reaction and the 
line shapes at 0° degrees in both singles and y-y coincidence modes were mea
sured. By gating above and below the level of interest, one can extract not 
only the lifetimes of the levels but also composite feeding times for the side 
feeding to the levels. From singles data and from gates set on transitions 
below the levels of interest, we have extracted the lifetimes and B(E2) values 
given below. The lifetimes are still preliminary because we have assumed that 
the non-discrete side feeds have very short lifetimes. For the highest level 
observed, 12 , we extracted only a composite lifetime which is longer than 
the lifetime for the 10 + level. This longer lifetime suggests that there may 
be some delays in the sidefeeding times that could lower the lifetimes of the 
10 and 8 levels and perhaps even the 6 + level. We are in the process of ex
tracting lifetimes for the levels and the side feeders by further analysis of 
our coincidence data. The lifetimes of the 2r and 4 levels have been mea
sured by the recoil distance technique1*'. One is struck by the large collec
tivity, the largest for a yrast cascade in this region. From the Table clear
ly there is no loss in collectivity up to the 10 + level. Since no feeding 
corrections were applied to the 
12 + level, this level lifetime 
is considerably shorter than the 
composite one. If the lifetime of 
the 12+ feeder Is ignored the 10+ 
lifetime is comparable to the com
posite 12 + lifetime. Lifetimes of 
other bands are being extracted. 12-10 0.21(4)* 

T*-T 1 T T T1* B(E2)/B(E2) 
sp 2-0 37(5) 85 

4-2 3.2(10) 5.7(16) 121** 
6-4 1.25(11) 90 
8-6 0.33(5) 116 

10-8 0.14(3) 129 

Work is supported by the U.S. *Composite. **From average T - 4.4 ps. 
Department of Energy. J ) R . B . Piercey et_ al, Nucl. Interactions, ed. B.A. 
Robson, Springer-Verlag, Berlin (1979) p. 404. *)H.P. HellmeiTter et al, Fhys. 
Lett. 85B(1979)34. 3)j.H. Hamilton et al, Nucl. Interactions, ed. B.A. Robson, 
Springer-Verlag.Berlin (1979)p.253.-lr)E. Nolte et al, Z. Phys. 268 (1974) 267. 
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PREDICTION OF NEW PHASE IN DEFORMED NUCLEI 

K. Tanabe and K. Sugawara-Tanabe 

Physik-Department, Technische Universitat Munchen 
D-8olt6 Garching b. Munchen, West Germany 

The self-consistent solution to the cranked temperature-dependent 
HFB equation with the pairing plus QQ-interaction indicates an existence of 
the new phase of deformed nucleus in the low spin and high temperature 
region. This phase is characterized by the antialignment of the spin relative 
to the angular velocity (i. e. u)<0>. The transition from the known phase 
(aligned, or ferromagnetic phase) to this "antialigned, or antiferromagnetic" 
phase is the first order phase transition across the "zero-rotation" line 
(i. e. h) = 0), because the isothermal curve of the thermodynamical potential 
has its maximum close to this line (dashed line in the figure), and the 
physical quantities such as the specific heat dE/dT and the specific entropy 
dS/dt show the drastic enhancement tButhe vicinity of this line. The 
predicted critical temperature for Er is kT = 0.5 MeV for the positive 
parity states in the projected statistics, and 0.45 MeV in the mixed 
statistics with Fermi distribution for quasiparticles. The corresponding 
excitation energy is about 3 MeV for spin 0 state in both statistics. The 
suitable choice of the c/cder parameter will be Tp I Q(T) 5 < J ^ for u = 0, 
and n = I - IQ(T) for the two phases (i. e. n < 0 in the antialigned phase). 
This new phase is caused by the 
overcome of the entropy force 
as the manifestation of the 
temperature effect in the 
competition with the Coriolis 
force. 

TThe work supported by the Bundes 
ministerium fur Forschung und 
Technology(BMFT). 

~*0n leave from Department of 
Physics, Saitama University, 
Urawa, Saitama, Japan 338. 

2 4 6 , 8 

311 



THEORY OF TEMPERATURE-DEPENDENT HAHTBEE-FOCK-BOGOLIUBOV APPROXIMATION1" 

K. Tanabe, K. Sugawara-Tanabe and H. J. Mang 

Physik-Department, Technische Universitat Munchen 
D-80U6 Garching b. Munchen, West Germany 

In order to describe the average properties of the deformed nucleus in 
the not too highly excited region, where the effects of the pairing 
interaction and the deformation are still important, the framework of the 
HFB approximation with cranking model is extended 'by introducing temperature 
T as the parameter to tale into account the excitations in statistical 
manner. The inadequacies of the theory based on the simple Fermi distribu
tion in lew- temperature region are solved by introducing the projection 
operator P for the space parity and the number parities of proton and 
neutron quasiparticles. To derive the temperature-dependent (or thermal) 
HFB (THFB) equation including such projection, we proceed in the most general 
manner the variation of the thermodynamical potential, i.e. 

F =<fl>- X<H> - u<j£ - ST, 
where the thermal average < ^ is taken with the trial density matrix 

u = P exp(-B£,,E1ittiiau) 
Tr[P exp(-B£^aJon)J 

a. 
The quasiparticle operators ciy and aJ, are introduced by the generalized 
Bogoliubov transformation. The THFB equation takes the form similar to 
the HFB equation, but the definitions 

Pkl = <cic k> = [B*(l-f )B T + AfA+l^ 
Kkl = < c l c k > = [B*(l-f)AT + A f B + ] k l 

involve the quasiparticle distribution function defined by 

It is shown that the derived stability condition for THFB equation yields 
the TRPA equation and this TRPA equation tends to the self-consistently 
blocked RPA equation in the limit of T = 0. New state density formula 
free from the enhancement at low temperatures and also the formula for the 
average electromagnetic transition rate are proposed in this paper. 

tThe work supported by the Bundesmiuisterium fur Forschung und Technologie 
(BMFT). 

++0n leave from Department of Physics, Saitama University, Urawa, Saitama, 
Japan 338. 
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THE PHASE TRANSITION AND STATE DENSITY IN THE YRAST REGION OF DEFORMAED 
NUCLEUS'1' 

K. Sugawara-Tanabe, K. Tanabe''"'' and H. J. Mang 

Physik-Department, Technische Universitat Miinchen 
D-8olt6 Garching b. Miinchen, West Germany 

The theory of the cranked THFB approximation developed in the preceeding 
paper is applied to the typical deformed nucleus Er. The solution to the 
THFB equation is numerically solved 'by mini'Azing the thermodynamical poten
tial with the use of steepest descent method. As the residual interaction the 
pairing plus QQ-interaction is assumed with the set of force constants which 
reproduces well the yrast level scheme. To study the structure change the 
calculations are carried out in the region of excitation energy below 8 MeV 
and temperature of kTj£ 0.6 MeV. Some aspects of our results are the follow
ing: (l) The cross-over of the contour lines of proton and neutron gap is 
predicted. The large difference exists between the changes of both gap 
values. Along the yrast line the neutron gap decreases due to the CAP effect, 
while the proton gap decreses quickly with increasingexcitation energy. 
Thus the phase transitions in neutron shell and proton shell do not simul
taneously occur. (2) The occupation numbers of the particles of the canonical 
basis are still like Fermi distribution due to the decrease of gap with 
increasing temperature. (3) The ^ /HeV"'j 
temperature effect on the deformation 
parameters S and v are very small. (k) ^f 
The existences of the proton-decoupled 
band and the neutron-decoupled band 
are predicted by the self-consistently 
blocked HFB equation for the negative 
parity levels. These bands cross each 
other at I = 11". (5) The predicted 
state density w vs. the excitation 
energy E for the separate spin-parity 
state without factor (21+1) is shown 
in the figure. 

^The work supported by the Bundes-
ministerium fur Forschung und 
Technologie(BMFT). 

"'"'"On leave from Department of 
Physics, Saitama University, 
Urawa, Saitama, Japan 338. 
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HIGH-SPIN NEGATIVE-PARITY STATES 

I N 1 0 9 I N V I A THE 1 0 8 C d ( « , 2 n p ) REACTION* 

G. C h . MadUeme 

Department of Physics, University of Ife 
Ile-Ife, Nigeria. 

The study of high-spin states in odd-mass In should yield 
valuable information for testing the hole-core coupling scheme 
in nuclei close to the spherical core limit. We have used the 
(d,2np) reaction and conventional in-beam spectroscopic method 
to investigate the high spin states in 1 0°In at the SF Cyclotron 
of the Institute for Nuclear Study, Tokyo. 

The table shows a partial level sheme derived from the 
measurements. One finds that there are two distinct 
Level Energy Assignment Level Energy Assignment 

E(keV) J " E(keV) J * 
0 9/2+ 2957.3 1 9 / 2 -

1026.5 11/2+ 3091.3 1 9 / 2 -
1428.3 13/2+ 3121.7 2 1 / 2 -
1900.5 13/2+ 3201.4 2 1 / 2 -
2101.7 19/2+ 3409.5 2 3 / 2 -
2195.2 1 5 / 2 - 3461.4 2 3 / 2 -
2270.5 1 3 / 2 - 3799.5 2 5 / 2 -
2530.8 1 5 / 2 - 4037.4 2 7 / 2 ( - ) 
2867.3 1 7 / 2 -
types of states: the low-lying states of mainly postive-parity 
and the odd-parity higher lying rotation-like states. The 
former levels are interpreted as hole-vibrational coupling 
states whereas the latter states seem to belong to a different 
structure of more collectiveness, originating presumably from 
3-quasiparticle(qp) excitations, and having a purer band-like 
structure. As in the adjacent Sri''), the importance of 3-qp 
configurations in the upper energy region (^&2.5.MeV) in which 
the particle-vibration coupling picture seems inadequate (e.g. 
it fails to reproduce the observed density of states), is apparent 

One is led to conclude that for odd-mass In, the fact that 
2-qp on top of a core cannot be regarded as a new core could 
eventually account for the possibility that we have a kind of 
configuration mixing due to the combination of 1-qp (x) 
vibrational states of a core plus 3-qp states of a rotaion-like 
nature. Further interpretation with quantitative calculations2) 
in terms of a semi-microscopic model based on the Sn and Cd 
cores is in progress. 
+ Work supported in part by the Japan Society for the 

Promotion of Science 
1. O.Hashimoto, Y.Shida, G.Ch.Madueme, N.Yoshikawa, 

M.Sakai and S.Ohya, Nucl. Phys. A 318(1979)145 
2. G.Ch. Madueme, to be published 
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STRUCTURE OF THE NEGATIVE PARITY BAND AT HIGH SPIN IN T h 

Ch. B r i a n ; o n , A. Lefebvre , J . L i b e r t , J . P . Thibaud and R . J . Walen 

Centre de Spec trometr i e Nuclea ire 
e t de Spec trometr i e de Masse. 

91406 ORSAY FRANCE. 

In our p r e v i o u s work ' •* ) on " ^ T h Coulomb e x c i t a t i o n w i t h °^Kr i o n s , 
us ing p • y and y a y co inc idence a n a l y s i s o f data , we p o i n t e d out that the 
behaviour a t h i g h - s p i n of the E. = 0" o c t u p o l e band i s d i f f e r e n t from the 
238u and I80w c a s e s ( s e e d e t a i l e d r e f e r e n c e s i n r e f . 2 ) ) . We d i s c u s s e d the 
comparative t rends o f these bands c o n s i d e r i n g the degree of a l ignment of the 
v i b r a t i o n a l angular momentum along the r o t a t i o n a x i s and the p o s s i b l e change 
from oc tupo le to p a r t i c l e - a l i g n e d s t r u c t u r e as suggested by Voge l 3 ) . 

In the s imple assumption of a pure oc tupo le a l ignment , assuming 
" o c t = " ' g b « some n u c l e i fo l low rather n i c e l y the expected l i m i t o f the r a t i o 
(Ej+3 - E i + i ) o c t / ( E I ~ E I - 2 ) g b = 1, up to a c e r t a i n s p i n depending on the 
(Z,N) r e g i o n , from the r a r e - e a r t h s t o t h e u r a n i d e s , and p r e s e n t then a smooth 
change to a d i f f e r e n t s t r u c t u r e n e c e s s i t a t i n g to take i n t o account another 
kind of a l i gnment , t h a t i s an i n d i v i d u a l p a r t i c l e al ignment of angular 
momenta. , 

But 2 3 2 T h , a s w e l l as r e c e n t l y s t u d i e d 1 7 8 W and , 7 2 Y b ) , d e v i a t e 
from t h i s s imple o c t u p o l e alignment l i m i t ( s e e f i g . 3 of r e f . 2 ) ) . I f one 
cont inues to assume the same moments o f i n e r t i a , independent ly o f the i n t r i n 
s i c s t r u c t u r e , an al ignment of more 
than 3 u n i t s o f angular momentum would 
be i n v o l v e d . 

This i s i l l u s t r a t e d for 2 3 2 T h 
and 

238u 5) 
on the figure which is 

based on the graphical method of Bohr 
and Mottelson for finding the degree z 

of alignment between an excited-state 
band and the ground-state band. i 

However, we have plotted here 
AI (oct.b. - g.b.) as function of-fid) 
to show a strong difference of beha
viour which could be related to the 
important role of the j15/2 neutron states in this region, if one consider 
that the main intrinsic component of the 0~, 2 q.p. one-phonon states, issued 
from the semimicroscopic calculation °) contains the 5/2 (j15/2) neutron 
state in 23 2Th and the 7/2 (J15/2) in 238u. 

* The authors are indebted to I. Mikhailov and P. Vogel for helpful1 
discussions. 
1. Ch. Briancon, J. Libert, J.P. Thibaud and R.J. Walen, Izv. Akad. Nauk. 

SSSR 4Ĵ  (1977) 1986. 
2. Ch. Briancon, A. Lefebvre, J. Libert, J.P. Thibaud and R.J. Walen, Proc. 

Int. Conf. on High-Spin Phenomena in Nuclei, Argonne, 1979, AKL/PHY. 79-4 
p. 477. 

3. P. Vogel, Phys. Lett. 60B (1976) 431. 
4. P.M. Walker, S.R. Faber, W.H. Bentley, R.M. Ronningen and R.B. Firestone, 

Phys. Lett. 87B (1979) 339. 
5. P. Fuchs, H. Emling, F. Folkmann, E. Grosse, D. Schwalm, R.S. Simon, 

H.J. Wollersheim, J. Idzko and D. Pelte, Ann. Rep. G.S.I. Darmstadt (1977). 
6. S. Ivanova, A. Komov, L. Malov and V. Soloviev, Phys. Elem. Part. At. 

Nucl., J.I.N.R., Dubna 7 (1976) 450. 
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HIGH SPIN STATES IN 3°Si FROM THE («-»P) REACTION 

I.Skwirczynska, A.Budzanowski, J.Ploskonka, A.Strzalkowski 
and E.Witkos 

Institute of Nuclear Physics, 31 342 Krakow, Poland 

In our previous paper ) we have shown that (cC,p)re«efcion 
on sd shell nuclei excites selectively high spin states in 
the residual nucleus. In the present investigation high spin 
states in ̂  Si have been located using the 'Al(oc,p)̂ °Si 
reaction. Proton spectra have been measured at three cfe-particle 
energies 26.2,26.4-5 and 26.7MeV in the angular range from 20° 
to 170° LAB. Distinct peaks imposed on the continuous 
background of the evaporated protons were interpreted as proton 
groups populating high spin states in ̂  Si nucleus. Angular 
distributions of these proton groups averaged over three 
incident energies (in order to smear out the effects of Ericson 
fluctuations) have been compared with Hauser-Feshbach theory. 
Level density and optical model parameters were taken from 
the existing data. The only adjusted parameter was the spin 
of the final state in * Si. We claim that it is possible in 
this way to determine the spin of the level with the accuracy 
of 1fc. unit. The validity of this method was checked for states 
of the known spin value. The obtained excitation energies and 

50 spin values of levels in •* Si are collected in Table 1, Levels 
indicated by stars have been known previously. 

Table 1 
" E ,. ex 

[MeV] 
"T" Tl" ex 

[MeVj 
S ex 

flieV] r E ex 
[MeV] 

IT 
60 

6.50* 4 9 . 1 1 5 10.91 7 14.69 8 
6.87* 3 9 .37 5 11 .22 6 ,7 15.95 8 
7.04* 5 9 . 8 4 5 11 .46 7 16.70 9 
7 .22* 4 1 0 . 4 3 6 1 2 . 3 4 6 
8.66 4 1 0 . 7 2 * 6 14 .24 8 

1 . E.Zybert et a l , Nucl.Phys. A277 (1977)15 
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Comment on the Re la t ion of Backbending Behavior 
of Even-even Nuc le i with Odd A Neighbors 

Zhang J l n g ye 

(Inst. Mod. Phys. Academic Sinica, China) 
Grosse, Stephens and Diamond (GSD)1' stated that., the mechanism 

of backbending (bb) (in^u/plot) for even-even(e-e) nuclei could 
be determined by an analysis of the bb behavior of odd A neighbors. 
However, there exist already difficulties, for instances 

1. TheTTtufcaecoupled bands of /**-/*7-'"-'%7.Ho show bb, and theJ>i'% 
decoupled bands of /sz'f%Er, /srafi)y show no bb, then according to 
GSD, it seems to show the bb in /*«-w*«^gr> iS6.**.«*0y e t c . a r e caused by rotation alignment (RAL) of a Vi'£ pair. But the JJI'J% 
decoupled band of , i e Er shows bb too, it seems to state on the 
opposite hand, the bb in , s e Er is not caused by RAX of a *k''3i pair. 

2. TheirhjK(n54lJ ) bands of/"'tlTm, f-% Lu show no bb, while 
the ̂ decoupled bands of «3-"*•'*„ Yb, '% Hf show no bb too. Then 
no cosistent conclusion can be obtained from GSD for the mechanism 
of bb in e-e neighbors (**•"* Er, , 6 4 ' 6 6 Tb, , 6 S Hf etc.). 

5. The 7rA% decoupled hand of '% Re shows no bb and the //t'̂ mixed 
bands of '"'̂ JOs show bb. Then according to GSD the bb in e-e nei
ghbors, '^Os etc. are caused by RAL of a "%ipair. However, the 
Jrt% decoupled band of '% Ir shows bb too, then we should say at 
the same time, the bb occuring in' MOs is caused not by RAL of a 

TThtfa pair. 
The above difficulties can be resolved by studying the properties 

of e-e nuclei themselves *\ Because of the drastic retardation of 
B(E2) o f / M Er at critical angular momentum, the backbending of this 
nucleus is due to shape transition rather than RAL of a/kVgpair. 
From the comparison of theoretical result and measured average 
value of g factor of 8-16* states forTJf, we can say the RAL is due 
to aVt'&pair instead of airfî pair. While based on the calculation of 
the aligned angular momentum {«•», we can confirm the bb in , S 20s is 
mainly caused by RAL of/'t/gpairs. 

These facts seem to indicate, at least in certain cases, the 
e-e core of an odd A nucleus is not quite similar to the e-e 
neighbors. In fact, the addition of an odd nucleon to e-e core 
not only modifies the status of pairing correlation of whole nuc
leus, as mentioned by GSD V f but also modifies the status of long -range interaction inside the nucleus. Thus, the shape, the moment 
of inertia (JT), the softness and the interaction strength between 
s- and G-band etc. would be changed to a certain extent to affect 
the bb behavior of an odd A nucleus. 

Therefore the relation of the bb behavior of e-e nucleus with 
its odd A neighbors is not so simple as first expected. In explo
ring the bb mechanism of e-e nuclei, the indication given by the 
properties of e-e nuclei themselves seem to be more definite than 
that given by this relation. 

I'd like to thank Prof. Xu Gong ou for valuable discussion. 
T. E. Grosse, P. Stephens and R. Diamond, Phys. Rev. Lett. 31 

(1973) 840 
2. Xu Gong ou and Zhang Jing ye, Nucl. Phys. A. to be published. 
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The Rotation Alignment Effects of 9% Proton Pair and 
Neutron Pair in Nucleus 6SGe 

Zhang Jing ye Zhang Zi zhen 

(-?' 

R|-l 

(Inst.Mod.Phys.Acad.Sinica,China) (Inst.Nuol.Ener.,China) 
"The three forking phenomenon has been discovered in the 

plot of moment of inertia versus rotation frequency square for 
nucleus aGe y . (Pig.1) 

In HPB-cranking model, 
H

HFBC = ^t^-Maitu + £% StojHaiaf + afO,) - aZ^^yci^ W 
Through the Bogoliubov transformation, 
the EPB equation can be obtained as 
follows 

Solving eg.2, we can get eigen 
spectral and wave function A* and 
Bi of quasiparticle. Then the ali
gned angular momentum U*>) of two 
quasiparticle excitation band rela
tive to gsb is 

The results of calculation are shown 
In agreement with experimental data. 

It is stated out that*', generally, the*«pobtained from 
experimental energy spectra Includes the contributions of CAP, 
shape transition effects and the RAL effect, while in our cal
culation the parameters of deformation and energy gap are cons
tant (independent of «J), hence the ̂ obtained by calculation is 
mainly the contribution of the RAL effect. Therefore, based on 
the approximate coincidence of theoretical values and experi
mental data, we could say that the backbending in a-band and 
b-band are In truth mainly caused by the RAL of a^gpair and 
a7%pair. This conclution is in consistent with that of Hami
lton's*. 

Besides, our calculations show yet an important role of 
RAL effect of both^Pgpair and 1ff% pair will play in all the 
region of A.^70. Therefore, a further.exploration of their 
effects are necessary both in theoretical and experimental 
aspect. T&tle i i JSj^AlA'^vto/t 

(3) 
i n table 1, which are 

>>3% p<*r 

fait 

t-tJeo 

6-37/i 
7-99i 

^ 7 4 
a-eif 

O-o SO 

a-band 
b-bapd. <~% 

iexp 
~7f 

10c 

^0'0&5 

obi 
Authors would l i ke to thank Prof.J.H.Hamilton for h i s 

sending the parameters for calculat ing the Nilsson levels In 
A <=i?o region. 
1. J.H.Hamilton et a l , Phys. Let t . 83B(1979)43 
2 . Zhang Jing ye.Phys.Ener. Port is et Phys. Hud. China, 4(1980) 
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LARGE QUADRUPOLE MOMENTS OF 7 - ISOMERS OF 66,68 G a 

P. Raghavan, W. Semmler.* and L. Zamick 
Rutgers University, New Brunswick, N. J. 08903 

R. S. Raghavan 
Bell Laboratories, Murray Hill, N. J. 07974 

The 7 isomeric states in 66Ga(E =1464 keV, T, =54 nsec) and 
G8Ga(E =1229 keV, T,=62 nsec) were excited in 1 G O ^induced reac
tions on natural ^ Mn and Cr targets using pulsed beams from 
the Rutgers-Bell Tandem Accelerator. The nuclei were recoil im
planted into cooled (77K) metallic gallium backings where the 
nuclear quadrupole interaction was observed using the time diffe
rential perturbed angular distribution of gamma rays. The Figure 
shows the observed modulation of the intensity of the (a) 125 keV 
(anisotropy a>0) and (b) the 201 keV (a<0) gamma rays following 
the decay of the 1229 keV isomeric level of 6 8Ga. The solid 
curves are theoretical fits to the data using the perturbation 
factor appropriate to 1=7 and an asymmetry parameter n=0.179 for 
a-Ga. A similar set of data were obtained for the gamma rays 
depopulating the isomeric state of 
constants were derived from 
these fits. From the ratio of ( these values to the coupling 
constant1 for the ground state 
of 6 9Ga in a-Ga and using Q( 6 9Ga) 
=0.168 b, the quadrupole moments 
of the isomers are determined 
to be |Q| (66Ga,7~)=0.78(4) b 

|Q|(68Ga,7~)=0.72(2) b. 

Quadrupole interaction 

and R(t) With the (wf5/2,vg , )7 
maximum stretch configuration 
for the state and using effec
tive charges e =1.5 and e =0.5, 
a shell model estimate leads 
to too small a value for both 
Q(7") and B(E2:7~->-5~) (T-1/3 
and 1-1/20 respectively) . Good 
agreement for the quadrupole 
moment is obtained using a neu
tron effective charge consistent 
with the measured quadrupole 
moment of (-)0.55 b for the 
67Zn(9/2 ) state; the corres
ponding B(E2) however is too small. A rotational model estimate, 
on the other hand, gives the ratio B(E2)/Q2 too large. Thus 
the experimental data indicate a surprising new regime. 

o.io -

0.20 
100 200 

t(nsec) 

+Supported in part by the National Science Foundation. 
•Present Address: Hahn-Meitner Institute, Berlin, W. Germany. 
1) I. Valic and M. Williams, J.Chem.Phy.Solids 30, (1969)2337 
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HIGH SPIN STATES IN NEUTRON RICH RARE EARTH NUCLEI 
H. Bohn, T. Faestermann, F.v.Feilitzsch, P. Kienle 

Physik-Department, TU-Munchen 
H. Emling, P. Fuchs, E. Grosse, D. Schwalm, H.J. Wollersheim 

GSI Darmstadt 

In performing a systematic study of the behavior at high 
angular momentum in neutron rich rare earth nuclei we investi
gated high spin states in 1 6 0 G d , l 7 0 E r , and 1 7 6 Y b . Since these 
nuclei cannot be populated by the usually applied fusion-type 
reactions we excited them via multiple Coulomb excitation employ
ing a 2° BPb-beam from the UNILAC. Thin, highly enriched targets 
were bombarded at beam energies between 4.73 and 5.10 MeV/A. 
Taking advantage of the inverse reaction kinematics the K-decay 
has been detected in coincidence with the scattered particles in 
a special set-up'' . 

As an example the %, 
figure shows a Doppler-
shift corrected Ge(Li)-
spectrum for 1 6 0 G d ob
tained at 5.10 MeV/A. 
This 'Y-spectrum is co
incident to recoils 
scattered into the 
whole angular range 
(17° s 0„_,_ « 58° > 
accepted By the par
ticle detectors. Spec
tra of comparable 
quality are obtained 
for the other two 
nuclei investigated. 
Up to now information 
on the ground state 
band (g.s.b.) and 
other bands was scarce 
and concentrated on low spin states only, except for 1 7 6 Y b where 
excitation of the g.s.b. up to 18 + was observed recently, employ
ing lighter ( 8 6Kr, 1 3 6 x e ) projectiles2). We observe excitation 
of the g.s.b. up to In = 22 + in all three nuclei studied. In 
addition we observe excitation of the Y-band, for 1 6 0 G d and 1 7 6 Y b 
as high as spin 12. For all three nuclei the moment of inertia 
of the g.s.b. only rises slowly with increasing rotational frequ
ency in contrast to the behavior for the more neutron deficient 
nuclei. This rather rigid rotation is most pronounced for 1 6 0 G d 
and 1 7°Er compared to their neighbouring even isotopes. 

Work supported by the Bundesministerium fur Forschung und 
Technologie. 
1. P. Fuchs ec al., to be published. 
2. D. Ward et al., Nucl. Phys. A266 (1976) 194. 
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SYSTEMATICS OF THE ISOMERIC RATIOS IN NUCLEI CLOSE TO N =82 

J. Jastrzebski, S . Andre, J. Genevey, A. Gizon, J. Gizon, 
R. Kossakowski, x Z. Pre ib isz , x and W. Skulski x 

Institute for Nuclear Research, Swierk, Poland 
+ Institut des Sciences Nucleaires (1N2P3), Grenoble, France 

The isomeric rat ios have been determined for a number of high spin 
isomers produced in ^C and ^ N bombardment of targets close to N = 82 . 
The presently available data seem to fall on a common curve (see figure) if 
the isomeric ratios are plotted vs . AI /< l>where AI is the difference 
between the isomer and ground state spin and< I > is the average entry 
angular momentum. The latter quantity was determined from the prompt 
multiplicity for the lowest lying gamma transitions in the reaction channel in 
which the isomer was observed. The r e l a t iona l r> = 2 ( < M > -4) was a s 
sumed. The validity of this assumption for nuclei in the region close to 
N = 82 was preliminary checked for the reaction 

1 2 C + 144 S ' 
m where the total 

fusion cross sections ' and 
the gamma ray multiplicities 
were measured. 

The continuous line on 
the figure is calculated from 
a subroutine of the evapora
tion code ALICE assuming 
that the particle emission does 
not change the angular momen
ta distribution of the compound 
nucleus and that the gamma 
transitions from the entry line 
to the yrast line also preserve 
the I distribution. With the 
assumption that the isomers 
lie on the yrast l ine, the 
difference between calculated 
and observed populations may 
reflect the "tilting" of the 
gamma flow (in the E - I plane) 
from the entry line to the 
yras t line, 

The relation between the 
isomeric ratios and the average angular momentum reported here implies 
that in the search of the yrast traps of a very high spin in this region, the 
fil value close t o < l > should be considered as the practical experimental 
limit. 
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1. J. Jastrzebski, R. Kossakowski, ] . Lukasiak, M . Moszynski, Z . Pre ib isz , 
P . Rymuza, S. Andre, J. Genevey, A . Gizon, J. Gizon, Abst. Int. Conf. on 
nuclear behaviour at high angular momentum, Strasbourg, 1980. 
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SYSTEMATICS OF YRAST LEVELS IN NUCLEI* 
W. Bruce Ewbank 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
When it is possible to look at a large collection of data, 

it sometimes becomes possible to identify general features and 
systematic trends that are much more elusive when only a few 
data items can be considered. The Evaluated Nuclear Structure 
Data File (ENSDF) now contains reasonably complete and up-to-
date information on properties of 41,000 nuclear levels. 
Although only about a quarter of these levels have well-
established spins, it is nonetheless possible to demonstrate 
many general relationships between energy and spin. As a fur
ther illustration of the potential of such a data base, we have 
extracted the subset of levels consisting only of the yrast 
sequences in even-even nuclei. A standard parametrized three-
dimensional display shows dramatically the transition from de
formed to spherical shape as pairs of nucleons are added or 
removed. Characteristics of rotational bands and quasi-bands 
also lead to suggestions of shape transitions near the ends of 
the region of strong deformation. 
*Research sponsored by the Division of Basic Energy Sciences, 
U. S. Department of Energy, under contract W-7405-eng-26 with 
the Union Carbide Corporation. 

By acceptance of this article, the publisher or recipient acknowl
edges the U. S. Government's right to retain a nonexclusive, royalty-
free license in and to any copyright covering the article. 
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EVIDENCE FOR NEAR-SPHERICAL SHELL MODEL STRUCTURE IN THE 
HIGH SPIN STATES OF N=86 ISOTONES 

C. Baktash, E. der Hateosian, O.C. ̂ istner, A.W. Sunyar, D. Horn, C.J. Lister 

Department of Physics, Brookhaven National Laboratory, Upton, N.Y. 11973 
In a recent study, we have established the yrast structure of '̂ Oga t o 

spin 3&h and =12.5 MeV excitation energy.''The level scheme of '50Q,3 a n (j ^ s 

neighboring N=86 isotones 1 5 2Dy 2>, 154Er 3) and 156rb 4 ) exhibit systematic 
trends which include: (i) a smooth decrease of the excitation energy of the 
2* to 8* states with increasing proton number, (ii) the presence of low-lying 
negative parity 3" to 9" states whose excitation energy increases as one 
moves away from ̂ 50Gd, a n ij (iij.) the regular occurrence of close lying 10* 
and 11" states fed by cascades extending to 16* and 17", respectively. 
Extending the extreme single particle approach of Kleinheinz^, these 
features may be described as (f?/2) or (f7/2^9/2) neutron configurations 
coupled to: (i) the ground, (ii) a 3" octupole phonon, and (iii) to 
(i?3/2)l0+ or (113/2^9/2)11" configurations. The near equality of the 
transition energies, however, may indicate admixture of some quadrupole 
vibrations in their wave functions. 

Since maximal alignment of 4 neutrons in this region cannot generate 
more than =20h units of angular momentum, protcn excitation becomes necessary 
for states with £>20n. Interestingly, in i50 G d > 152i)y (154Er), starting with 
1=21"(19"), a sequence of transitions, decreasing in energy, establishes a 
quasi-band structure up to I=27*°(25~). Moreover, the energy spacings within 
these structures closely resemble the (vf^/2)o* 2*, 4*,6+ energy spacings of 
their corresponding N=84 isotopes (shown by full circles in the Fig.). Such 
a correlation is suggestive of coupling a (vf^/2) two-neutron structure to 
bandheads composed of L('"l?1/2)8+,10* ® (Vn9/2 i 13/2) 11 —3 aligned shell-model 
configurations. The presence of readily recognizable (j^) configurations in 
this region suggest that even at spins up to 1=305, relatively pure and 
near-spherical shell model states are the dominant mode of excitation. 

1) C. Baktash et al.f Proc. Int. Conf. on Band Structure and Nucl. Dynamics, 
Tulane (1980) Vol. 1 p. 146, ed. A.L. Goodman 

2) T.L. Khoo et al., Phys. Rev. Lett. 41̂  (1978) 1027 
3) C. Baktash et al., Phys. Rev. Lett. 42 (1979) 637 
4) C.J. lister et al., Contribution to this conference 
5) P- Kleinheinz et al., Z. Phys. A290 (1979) 279 
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HIGH SPIN STATES IN 1 5 G Y b (N=86) 
C.J. Lister, D. Horn, C. Baktash, E. der Mateosian, O.C. Kistner, A.W. Sunyar 

Brookhaven National Laboratory 
Upton, New York 11973 

The observation of isomeric and very high spin states in 1 5 2 D y and 1 5 1 ,Er 
has stimulated a host of experimental and theoretical studies to try to elu
cidate their structure.1' Many of these features appear to arise from rela
tively simple single-particle configurations in a near-spherical nuclear 
potential. In order to extend the experimental information and identify sys
tematic trends across the N=86 isotones, Yb has been investigated using 
the reactions mSm( 1 60,4n) 1 5 SYb(E=70-120 MeV) and 1 1 3InC 6Ti,p2n) 1 S 6ib 
(E=190-210 MeV). Several competing reactions were observed, so particle-
gamma, gamma-gamma, and X-gamma coincidence experiments were done to identify 
transitions from 1^ sYb. Measurements of gamma-ray excitation functions, 
linear polarizations and angular distributions were also made. The resulting 
decay scheme is shown in the figure; assignments are firm to the J =17" state. 
From the 17" state to the 25~ state similar transition intensities leave some 
doubt on level ordering. 

The following interesting features may be noted. The low-lying level 
sequence is similar to 1 5 I fEr, although the population of the positive parity 
sideband is considerably less, while 7~ and 9~ states are not seen. The un
converted Y-ray intensity and angular distribution of the 72 keV decay from 
the T(l/2)=6.0±0.5ns isomer give <5»-0.1 and rigorously establishes the 
isomer as J =11~. Presumably this state is an (119/2113/2)11- aligned neutron 

configuration. The sequence of levels 
A^I_ • JIS_ to J =17" has a typical j* energy 

1 spacing and appears to be due to further 
A - z J 9 M neutron alignment, culminating in 

[( f7/2) 6+® C h9/2 113/2)n^ i7-> a b o v e 

which one would expect yrast states of 
both proton and neutron excited con
figurations. 

I 6 

25" 
23" 

17" 
15" 

1) See, for example, Proc. Symp. High 
Spin Phenomena in Nuclei, Argonne, 
Illinois (1979). 

This research was supported by the 
Division of Basic Energy Sciences, 
U.S. Department of Energy, under con
tract t DE-ACO2-76CH00O16. 
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STRONGLY-DEFORMED STATES IN THE NEUTRON-DEFICIENT ODD-MASS Au AND Hg NUCLEI1" 

E. F. Zganjar and J . D. Cole 
Department of P h y s i c s , Louis iana S t a t e U n i v e r s i t y 

Baton Rouge, Louis iana 70803 

and 

M. A. Grimm''"'' and J . L. Wood 
School of P h y s i c s , Georgia I n s t i t u t e of Technology 

A t l a n t a , Georgia 30332 

The w e l l - e s t a b l i s h e d 1 ^ o n s e t of deformation i n Hg and the l i g h t e r 
odd-A Hg i s o t o p e s r a i s e s the q u e s t i o n of where these s t r o n g l y deformed s t a t e s 
( ( 3 - 0 . 2 7 ) a r e l o c a t e d i n ^ ^ « ^ ° % g and i n the ne ighboring odd-mass Au n u c l e i . 

In the course of studying the r a d i o a c t i v e decay schemes of 189mT£ ( r e f . 
2 ) , iSTm.gxjt ( r e f . 2 ) , ^ m . g f l g ( r e f . 3 ) and 1 8 5 m 1 , m 2 , g H g ( r e f . A ) at 
the UNISOR f a c i l i t y , a number of e x c i t e d s t a t e s were observed a t low energy i n 
189,187jjg and 1 8 7 , 1 8 5 A U that were not seen in the h e a v i e r odd-mass Hg 
and Au i s o t o p e s . These " a d d i t i o n a l " e x c i t a t i o n s have been s tudied In order to 
a s c e r t a i n i f they are s t r o n g l y deformed s t a t e s . This was done by l i f e t i m e 
measurements which can l o c a t e I somer ic s t a t e s (shape i s o m e r s ) ; and by conver
s i o n e l e c t r o n spectroscopy which r e v e a l s low-energy t r a n s i t i o n s ( r o t a t i o n a l 
s t r u c t u r e ) and d e - e x c i t a t i o n by the EO process (an i n d i c a t i o n of large changes 
i n the mean square charge rad ius of the n u c l e u s ) . 

In 1 8 7 H g we have l o c a t e d an I somer ic s t a t e ( T 1 / 2 ~ 3 0 n s ) t h a t d e - e x c i t e s 
by a 161 keV t r a n s i t i o n , most probably to the 1x3/2 I somer i c s t a t e . We 
have observed low-energy t r a n s i t i o n s f e e d i n g t h i s s t a t e . In " 7 ^ m have 
l o c a t e d two bands of s t a t e s t h a t e v i d e n t l y r e s u l t from the coupl ing of an 
h<j/2 proton to a """Ft c o r e . The l o w e s t band was p r e v i o u s l y e s t a b l i s h e d 
i n a study-"' o f the •'•°'II>Hg decay scheme and by in-beam r e a c t i o n gamma-
ray s p e c t r o s c o p y " ' . The band head of the upper band i s l o c a t e d 323 keV 
above t h a t o f the lower band. A number of EO t r a n s i t i o n s between these bands 
have been observed . The fur ther c h a r a c t e r i z a t i o n of t h e s e and s i m i l a r s t a t e s 
i n l^^Hg and 1 8 ^ ^ u j B ^ p r o g r e s s . 

T h i s work i s supported i n part by the U.S. Department of Energy, and I s 
conducted a t the UNISOR f a c i l i t y a t the Oak Ridge N a t i o n a l Laboratory. 
'Present a d d r e s s : Department of P h y s i c s , U n i v e r s i t y of Georg ia , Athens, GA, 
30602. 

1 . P. Dabklewlcz , F. Buchinger, H. F i s c h e r , H.-J . Kluge , H. Kremmling, 
T. Knhl, A. C. Muller , and H. A. Schuesser , Phys. L e t t . 82B (1979) 199 

2 . E. F. Zganjar, J . D. Cole , and J . L. Hood, work i n progress 
3 . M. A. Grimm, t h e s i s , Georgia Tech. 1978; M. A. Grimm, J . L. Hood, and 

E. F. Zganjar, work in progress 
4 . E. F. Zganjar, A. Visvanathan, J . D. Cole , and J . L. Wood, work in pro

g r e s s 
5 . C. B o u r g e o i s , P. K i l c h e r , J . L e t e s s i e r , V. Berg, and M. G. D e s t h u i l l i e r s , 

Nuc l . Phys . A295 (1978) 424 
6 . M. A. Deleplanque, C. G e r s c h e l , M. I s h l h a r a , N. P e r r i n , V. Berg, C. 

B o u r g e o i s , M. G. D e s t h u i l l i e r s , J . P. Hugson, P. K i l c h e r , and J . L e t e s s i e r 
J . de Phys . L e t t . 36_ (1975) 205 

325 



HIGH SPIN BAND STRUCTURE OF 1 6 6 Y b f 

0. C. Kistner, C. Baktash, E. der Hateoslan, D. Horn, 
C. J. Lister and A. W. Sunyar 

Brookhaven National Laboratory, Uptor, New York 11973 

The high-spin band structure in 1 6 6 Y b was studied via the 1 6 2Dy( 9Be,5n) 
reaction at 60 MeV beam energy in order to follow to neighboring isotones the 
systematlcs of the rich band structure found In 161*Er.l) A tentative level 
scheme is shown in the figure. Despite a remarkable number of similarities 
to 1 6 1 |Er, notable differences Include the absence of the negative parity band 
built upon the [404,7/2; 523,7/2]}- two-proton configuration. ' Further, a 
weakly populated band with even spin members from (8) to (22) In 1 6 1*Er, 
suggested-*) as the band built upon the two-neutron (642,5/2; 505,11/2)"-
confieuration, begins here at spin 6, thereby clouding the K=8 interpolation 
in 1 6*Er. As in '61*Er, the continuation of the ground state band (gsb) is 
observed beyond the backbend to a possible spin 20. The pair of odd and even 
spin bands built on the known levels of 7" and 6~ are in identical relation 
to the gsb. The gamma band is populated relatively weakly, the tentatively 

assigned 7-y+ level being in dis
agreement with that given in the 
literature. Of particular inter
est is the reverse transition 
from the gsb at 16+ to the 
Stockholm band at 14 + not seen 
in 16U Er. 
Research sponsored by the U. S. 
Department of Energy under 
Contract No. DE-AC02-76CH00016. 
1. 0. C. Kistner, A. W. Sunyar, 

and E. der Hateoslan, Phys. 
Rev. C 17 (1978) 1417 

2. F. W. N. de Boer, et al., 
Nucl. Phys. A169 (1971) 577 

3. R. Bengtsson and 
S. Frauendorf, Nucl. Phys. 
A327 (1979) 139 
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MULTIPLICITY OF THE STATISTICAL Y-RAYS FOLLOWING CHI,-Hi) REACTIONS 

S.H. Sie, J.O. Newton, J.R. Le^.i and R.M. Diamond* 

Department of Nuclear Physics 
The Australian National University, Canberra, ACT 2600 

The average number Ms of statistical y-rays emitted following (Hl.xn) 
reactions has been deduced to be about 4, a number which has been used ex
tensively in analysis of continuum y-rays^'. _ 

We have found evidence for a rather large variation in Ms, which in our 
case appears to be correlated with the total ^-multiplicity Hrofthe reaction. 
The reactions studied were 1 2 2Sn( 1 60,4n) 1 3 1*Ce, 1 1 0Pd( 1 60,4n) 1 2 2Xe, at 65 and 
83 MeV bombarding energies, and l'»9Sm(16o,3n)162Yb, ! 5<lSmC 1 60,4n) 1 6 zYb, 
15*»Sm(160,4n)166Yb at 73 and 85 MeV. The y-rays were detected in coincidence 
with discrete lines from the residual nucleus; data analysis was similar to 
that of ref.(2). Clear evidence for the variation can be seen in the numbers 
of y-rays_above 1.9 MeV, well beyond the range of the yrast cascade. To 
estimate Ms. we have assumed that the shape of the statistical spectrum has 
the form E*e~ E' . The values for x= 3 are shown in table 1 and plotted 
against Br in fig.l. Values for x = 5, which fits the shape less well, are 
about 10% higher. Assuming that the remaining y-rays are stretched E2 and 
that the statistical Y-rays carry no angular_ momenta (a.m.)^ the quantity 
& Y = 2(Wj-Ms)_ should be the mean input a.m. I. In table 1, ly is com
pared with I calculated with the IWB Bass model, and Sikkeland's method of 
partitioning into the various xn channels3). The usual values % = 4 would 
give poorer agreement, again suggesting that Ms varies with ffr. 

The observed variation in % depends on the variation of average excita
tion energy above the yrast line for different bombarding conditions. The 
quantitative relationship between % and Mp depends on the target, projectile 
and final nucleus and therefore a clear relationship as seen in fig.l will 
only be expected for similar systems. 

TABLE 1 
Final 
nucl. 
fxnl 

Elab 
(MeV) 

I I 
y "s 

1 3"Ce 65 10.6 12 2.7 
(4n) 83 24.3 23 6.2 

1 2 2 X e 65 12.6 14 2.4 
(4n) 83 25.2 21 6.8 

1 G 2 Y b 73 10.7 16 4.9 
(3n) 85 23.8 26 7.2 

1 6 2 Y b 73 9.1 11 2.7 
C4n) 85 19.3 20 4.5 

1 6 6 Y b 73 11.0 14 4.1 
(4n) 85 22.6 21 5.6 

*Lawrence Berkeley Lab..CA.94720. 
1) R.S. Simon et al, Nucl.Phys.A313 

(1979) 909. 
2) J.O. Newton and S.H. Sie, Nucl.Phys 

A334 (1980) 499. 
3) T. Sikkeland, Arkiv.Fys.36(1966)539 
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HIGH SPIN STATES IN 1 1 3 T e 
D. Conley, J.O. Newton, S.H. Sie and R.M. Diamond 

Department of Nuclear Physics 
The Australian National University 

Canberra, ACT 2600 

The structure of the doubly even Z = 52 nucleii is not well understood, 
though the levels of low angular momentum are similar to those of a spherical 
vibrator. Study of the odd mass nuclei may throw further light on the 
nature of the Te nuclei. There is some evidence1) for rotational bands 
based on low lying even parity one quasiparticle states. We report here on 
odd parity levels, based on the unique parity hn/2 orbital in " 9 T e , which 
decay finally to the 11-/2 isomeric level. (Tjj =4.7 days, E e x = 
x = 300 keV). 

The nucleus was formed in the 1 1 0 P d (13C,4ny) 1 1 9 T e reaction with 
bombarding energies between 53 and 75 MeV. Gamma ray angular distributions, 
Y-Y> n-Y and X-Y coincidences, and conversion electrons were measured at 
59 MeV, and Y-Y and n-Y coincidences at 75 MeV. 

The level scheme shown is based on Y-Y coincidence measurements and 
supported by accurate energy sums. Levels with spins up to J = (39/2) and 
excitation energies up to ̂  8 HeV have been observed. Isomeric states at 
excitation energies of (S187 + x) keV (Tij = 7.2 ns, J = (35/2)) and (6677 + x) 
keV (Tjj = 6.5 ns; J = (39/2)) were observed. Conversion electron measure
ments confirmed the negative parity of all levels up to [2012 + x] keV 
excitation. 

The triaxial rotor model with 
rigid core2) (Y = 28°, 8 = .21) 
gives qualitative agreement with 
the observed levels up to 
(2012 + x) keV excitation. The 
agreement would be improved if 
the core softness was included. 
Several possible collective bands 
based on 3 quasiparticle con
figurations are seen. The high 
lying isomeric levels are prob
ably 5 quasiparticle states. 

t Lawrence Berkley Laboratory 
CA 94720. 

1. U. Hagemann et. al. Nucl. 
Phys.A329 (1979) 157. 

2. J. Meyer-Ter-Vehn. Nucl. 
Phys.A249 (1975) 111, 141. 
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CONTINUUM Y-RAY STUDIES FOLLOWING LOW ANGULAR MOMENTUM REACTIONS 

S.H. Sie, R.M. Diamond , J.O. Newton and J.R. Leigh 

Department of Nuclear Physics 
Australian National University 

Canberra, ACT 2600 

We have studied the continuum Y-rays following the reaction 1 6 6Er(«,2n) 
1 B 8Yb at bombarding energies 21, 27 and 36 MeV. The Y-rays were detected in 
a 7.6 x 7.6 cm Nal detector, at 40 cm from the target, in coincidence with 
the discrete Y-rays from the ground state band in the residual nucleus, ob
served in a Ge(Li) detector. A second Ge(Li) detector, in coincidence with 
the first, and set alternately with the Nal detector at 32° and 90°, measured 
the discrete Y-rays. Neutron induced events in the Nal detector were sub
tracted out. The continuum spectra were obtained after removal of the 
discrete line contributions. The Y-ray spectra, obtained by unfolding the 
net continuum spectra are shown in fig. 1. The multiplicity of the 
statistical spectrum increases with bombarding energy, and the shapes follow 
an E 3e" E' T dependence fairly well, as shown by the dashed lines in Fig. 1. 
The total multiplicities Mg of the statistical Y-rays, derived assuming the_ 
above form, are listed in table 1, together with the mean angular momentum I. 
calculated using the IWB Bass model and Sikkeland's method for xn channel 
partitioning2). 

A low energy component, shown shaded, was also observed. This component 
may be the counterpart of the "yrast bump" seen in the continuum spectra 
obtained by heavy ion, hence higher angular momentum, reactions1). The mean 
energy of the bump is roughly consistent with that expected for transitions in 
bands with the rigid body moment of inertia, 
suggesting that these transitions may occur 
in the low spin extension of the superbands. 

These transitions, observed for the 
first time here, may account for the 
apparent deficiency in the angular 
momentum carried by the discrete lines 
when compared to the total input angular 
momentum^). The angular distributions 
of these bumps are consistent with the 
stretched E2 value. 

t Lawrence Berkeley Lab., CA 94720. 
1. J.O. Newton and S.H. Sie, Nucl. 

Phys. A334(80)499. 
2. T. Sikkeland, Ark,Fys.36^(1966)539. 
3. S.M. Ferguson et a l , Nucl.Phys. 

A188(72)l. 

Table 1 
1 6 b E r C x , 2 n ) 1 6 8 Y b 

continuum gamma-rays 

Ex 
(Mev) I MS 

21 
27 
36 

6.0 
9.0 

12.6 

1.2(0.7) 
3.1C.3) 
4.0C0.2) 
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CONTINUUM Y-RAYS FROM THE NUCLEI 150-152py f^ 156-158Er 

S.H. Sie, J.O. Newton and D. Conley 

Department of Nuclear Physics 
The Australian National University 

Canberra, ACT 2600 

The 1 5 2 D y Nucleus has been proposed as an example of the oblate-
coupling scheme, suggested to occur at high spin.1) Discrete Y-rays from 
1 5 2 D y and also from the deformed nucleus A 5 8Er are seen up to unusually high 
spins (y30). We have studied the continuum spectra from these and adjacent 
nuclei in order to obtain additional information. The Y-rays were detected 
in 7.6 x 7.6 cm Nal and Ge(Li) detectors in coincidence with neutrons. The 
reactions studied were 1 2 1 ,Sn( 3 2S,xn) 1 5 6- xDy and 1 3 0Te( 3 2S,xn) 1 B 2 - x E r at 140 
and 160 MeV bombarding energies. Measurements weTe carried out at angles of 
32°, 55° and 90°. The neutron contributions to the Nal spectra were dis
tinguished by time of flight. Data analysis was similar to that of ref. 2; 
the continuum spectra were obtained by removing the discrete lint contribut
ions. 

The unfolded spectra showed an yrast bump, typical of rotational nuclei, 
superimposed on a statistical spectrum, for the Er case but not for Dy. An 
yrast bump consisting of stretched E2 transitions should show clearly in the 
32°-90° spectrum since the statistical cascade is usually nearly isotropic. 
As seen in fig. 1 such a bump is evident 
for Er; further its angular distribution 
coefficient A- is consistent with that 
for stretched E2 transitions. There is 
no clear evidence for an E2 bump in Dy, 
except possibly for the E Y "vl.25 Mev 
region at 160MeV. These results are 
consistent with those of ref. 3. 

The absence of a strong E2 bump in 
Dy is consistent with rotation about a 
symmetry axis, in which case there is 
little correlation between Y-ray energy 
and angular momentum. Also the rapid 
cooling to the yrast line in this case 
enhances the possibility of populating 
yrast states of very high spin as is 
observed. The somewhat weak evidence 
for an E2 bump at high Ey may indicate 
a change to collective rotation at high 
spin. The reason why 1 5 8 E r is popul
ated to such unusually high spin is not 
clear from these data. 

T.L. Khoo et al, Phys.Rev.Lett 
41_(78)1027 and refs. therein. 
J.O. Newton and S.H. Sie, Nucl. 
Phys. A334(80)499. 
W. Trautmann et al. Phys.Rev.Lett. 
4^(79)991; J.P. Vivien et al, 
Phys.Lett. 85B (79)325. 
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NUCLEAR SHAPES AND THE CONFIGURATION U 1 3/2« h9/2' I N & ^ l 5 ° N U G L E I 

L. K. Peker,* J. H. Hamilton,** and J. 0. Rasmus sen'' 
*NNDC, Brookhaven National Laboratory, Upton, LI, NY 
**Physics Dept., Vanderbilt Univ., Nashville, TN and 

tiawrence Berkeley Lab., Univ. CA, Berkeley, CA 

Variations in the nuclear shape with increasing spin in transitional nuclei 
with A^150 and N - 82-88 neutrons recently have attracted considerable inter
est. From several calculations it was deduced that nuclei at I<20 possessed 
oblate shapes with 8 % -0.1 and at I>20, 8 % -0.3 for N»84 and N=86, and pro
late shape with 8 % +0.2 for N-88. At higher I, 8 is expected to be a complex 
function of spin.1) However, these calculations failed in some specific pre
dictions, so the nuclear shape is more sensitive to collective and particle 
features of nuclear structure than thought previously. 

From an analysis of two configurations we demonstrate the sensitivity of 
extracting information on the nuclear shape from details of the level struc
ture of a nucleus. One can make a definite choice between spherical and de
formed shapes and between prolate (6>0) and oblate (8<0) deformation. In N « 
84-88 nuclei the lowest particle states with large j involve primarily levels 
with small 0 if B>0, and with large ft if 8<0. Because of their stronger 
Coriolis coupling, the B>0 rotational bands should have a decoupled (aligned) 
character with AI»2 for adjacent levels, whereas the B<0 bands should be 
strong-coupled bands with AI=1. For a spherical shape the band is expected 
to be a multiplet of a two-particle configuration (j ) with AI=2 between 
adjacent levels and AE(I •* 1-2) decreasing with increasing I. 

Convenient band heads for such analysis are high spin states with configu
rations that involve nucleons with large intrinsic spin, e.g. v ii3/2. a n d 

ho./2 and it hu/2. The energies of the lowest Nilsson components of these le
vels are very sensitive to the magnitude of the nuclear deformation. Consider 
the bands based on the band head with the simplest 2-particle configuration 
v(i13/2#1>9/2)f 18 " 1 1 _ a s identified in even-even nuclei with N=84 (ref. 2), 
86 (ref. 3), and 88 (ref. 4). In the Gd nuclei it is seen that the character 
of this band changes from 1g^Gd s l ( where a strong coupled band with AI=1, as 
expected for significant oblate deformation B% - -0.15 to -0.20 is observed5', 
to one typical for spherical nuclei with a multiplet of a (j 2) configuration 
with AI«2 and decreasing AE in 1|°Gd B 6 (ref. 3), on to an aligned rotational 
band with AI-2 and increasing AE, as expected for a significant prolate defor
mation1') (8 % 40.2) in 162 G dB8- Similar 6<0 and B>0 rotational bands based on 
the same configuration are known in other N=84 and N=88 nuclei. However, in 
contrast, the bands based on the ir(hu/22)iQ+ configuration have AI«2 and 
decreasing AE even in N=84 nuclei5) as expected for spherical nuclei. More 
complex structures that include the above two configurations show a similar 
behavior. 

In summary we conclude that in N-83, 84 nuclei the levels which include the 
configuration v(ii3/2,hg/2)ll- a r e t n e lowest ones that are significantly ob
late 8 % -(0.15-0.20) with their lower ones spherical. In N-86 and possibly 
N-85 nuclei the same levels are spherical (8%0), and in N=88 significantly 
prolate (8% + 0.2). The important conclusion follows that for N»86 (at least 
in 1%%GA, I||Dy) all states with I* <_ IT are spherical. 

This work was supported by the U.S. Department of Energy. 
1) G. Anderson, et al., Nucl. Phys. A268 (1976) 205. 
2) L. K. Peker, J. K. Tuli, Int. Symp. on Band Structure, New Orleans, 1980. 
3) D. R. Haennl and T. T. Sugihara, Phys. Rev. C16_ (1977) 120; C. Baktash e_t 

al., Int. Symp. on Band Structure. New Orleans, 1980; B. Haas et al, Phys. 
Lett. 84B (1979) 178; J.C. Merdinger et al, Phys. Rev. Lett. 42 (1979) 23. 

4) F. H. N. de Boer et al., Z. Phys. A284 (1978) 267. 
5) P. Kleinheinz, High-Spin Phenomena in Nuclei. Argonne, 1979, p. 125. 

331 



HIGH SPIN ISOMERS IN Ho 

J. Gizon , A. Gizon , S. Andre , J. Genevey 
J. Jastrzebski , J. Lukasiak*, H. Moszynskix, Z. Preibisz 

Institut des Sciences Nuclfiaires, IN2P3, Grenoble, France 
"institute for Nuclear Research, Swierk, Poland 

151_ 12„ 144 141„ 

T,/2S5Ms 1*49/2 

Levels in Ho have been populated in the C + Sm and "~Q + Pr 
reactions with beams from the Grenoble cyclotron. The nucleus Ho is iden
tified by the excitation functions and cross-bombardments. The partial level 
scheme shown in Uie figure results in the analysis of prompt and delayed sin
gles spectra, angular distribution of y-rays and four dimensions coincidence 
events. Complementary data were obtained for some transitions by measuring 
the linear polarization of •y-iiiies with a Compton polarimeter made of five 
Ge(Li) detectors placed in the same cryostatD. 

All the lines shown in the scheme are associated with a high-spin 
short-lived isomer (Tj/2 - 3 ± 1 ns) found by means of a multiplicity filter 
consisting of 14(2"x2") Nal detectors. The delayed multiplicity (12+1) of 
this yrast isomer is deduced from the ratios of -y-intensities in the x-fold 
Ge(Li) spectra. These lines appear also, but very weakly, several hundreds of 
ns after the prompt peak in Ge(Li)-NaI coincidence spectra but not in the 
spectra recorded 200 ps after the beam shut-off. This indicates the existence 
of a long-lived isomer (5^ T. ._ ̂  200 ys) . 

The coupling of a fully aligned h . . 
proton to the l^Opy states ' reproduces most 
of the configurations of the Ho yrast cas
cade. The level schemes of both nuclei have 
many analogies. So, the four lowest states 
of '->1HO have a nhu/2 ® v^7/? configuration. 
The low energy part of the level structure 
reflects a vibrational nature. The 27/2", 
25/2" and a second 23/2" level at 1796 keV 
result very likely in the coupling of 
vf._ ,?

 v^q/y core states with an hjj/2 proton. 
A third nn/2 proton coupled to 
(irh?. ,-) jo 8> vfy /n core states could account 
for the 39/2", 35/2"and 31/2" levels. Compa
risons with core level spec ings support the 
rrhr, ,, ® (vf7/2 vhg/2)g configuration for the 
43/2" state. Indeed, the energy difference 
(2584 keV) between the 43/2" and 27/2" levels 
is almost equal to the spacing (2669 keV) 
between the 18 + and 8 states in ''°Dy. 

The two isomers are placed above the 
47/2 '"' state but their excitation energies 
remain unknown because of missing transi
tions. Their spins are at least equal to 
I = 49/2. 

1. F.A. Beck and R. Henck, C.R.N. 
Strasbourg, ann. rep. (1979) 

2. P. Kleinheinz, Proc. Symp. on High Spin 
Phenomena in Nuclei, Argonne, 1979, 
report ANL/PHY-79-4, p. 125 151 
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SEARCH FOR HIGH SPIN ISOMERS IN THE Er AND Ho REGION 
+ + + + 

S. Andre , J. Genevey , A. Gizon , J. Gizon 
J. Jastrzebski , J. Lukasiakx, M. Hoszynski*, Z. Preibiszx 

Institut des Sciences NuclSaires, IN2P3, Grenoble, France 
xInstitute for Nuclear Research, Swierk, Poland 

Since the first systematic search for high spin isomers in the region near 
the N = 82 shell closure1' many uncertainties still remain in this field. 
Indeed, in many cases the final nuclei in which these isomers have been found 
are not yet surely known2' . Simultaneously with other groups^-5), we have 
undertaken an experimental study to explore this region of deformed nuclei. 

10-20 mg/cm2 targets of l^Pr, 1^ 4Sm and 1 4 7 S m were bombarded with 
70-130 MeV 1 2 c , 1 4 N and 1 6 0 beams from the Grenoble cyclotron. The Ge(Li) 
•y-ray spectra were recorded between the beam bursts in coincidence with 
gammas detected by a multiplicity filter consisting of 14 Nal detectors. 

Short half-lives (up to "b 20 ns) were measured in Ge(Li)-RF coincidence 
experiments and long ones deduced from Ge(Li)-NaI coincidences. The *^Er 
long half-life was obtained froni y decay using a mechanical beam chopper. The 
average delayed multiplicities M, are determined from the ratios of y-inten-
sities in the x-fold coincidence spectra. The excitation energies in column 4 
are obtained by summation of the individual y-rays energies, taking into 
account the y-y coincidences relationships. When no precise informations are 
available, the spins are estima
ted by the relation 
I. = 1.7 M. + I where I is the 
spin of the ground state or of a 
lower isomeric level. 

The identification of Er and 
Ho final nuclei which contain 
high spin isomers was achieved 
through excitation function mea
surements and cross-bombardments. 
The assignments of the 1 5 0 _ 1 5 3 H O 

isotopes which were previously 
uncertain by one mass unit are 
unambiguously established for the 
first time by our experimental 
results. The case of Ho has 
been studied in detail and its 
level structure is known up to 
6.1 MeV 

T l / 2 M d E. 
i s 

I . 
i s 

1 5 3 -Er 450+50 ns 5 . 6 H . O ^ 2 . 7 5 25 /2 

152„ E r 
350+50 ns 8 . 6 + 1 . 0 *5 37 /2 

152„ E r 3.5± 1.0ns 9+2 5 4 . 2 9 14 

151, , E r 
35+10 ns 14±2 >7 24 151, , E r 6±2 ns 1.14 13/2 

153„ HO 
O.62±0.02s 3 . 0 + 0 . 5 > 2 . 5 27 /2 153„ HO 4O+10 ns 

240+20 ns £ 4 . 8 >27 /2 

152„ Ho 
340+20 ns 152„ Ho 10+3 n s 

55110 ns 6 . 5 + 1 . 0 J 2 . 8 7 20 

151„ Ho 

1 5 0 o Ho 

70±10 n s 
2<TS200 us 

4 . 5 + 0 . 5 J 2 . 8 16 
151„ Ho 

1 5 0 o Ho 

3±1 ns 
5£TS200 ps 

12+1 
11+1 

> 6 . 1 4 £ 4 9 / 2 
151„ Ho 

1 5 0 o Ho 20±10 ns 11 

149„ 
, „ o D V 

80±15 ns 7+2 ? 2 . 5 23 149„ 
, „ o D V 25±5 ns 8+1 > 6 . 1 53 /2 
148Tb 1 .3±0.5us 1 1 . 8 ± 1 . 0 > 6 . 6 29 

1. J. Pedersen et al., Phys. Rev. Lett. 3_9_ (1977) 990 
2. J. Borggreen et al., Zeit. Phys. A294 (1980) 113 
3. T.L. Khoo et al.. Chalk River Nuclear Laboratory report AECL-6216 (1978) 

p. 23 
4. P. Kleinheinz, Proc. Symp. on High Spin Phenomena in Nuclei, Argonne, 1979, 

report ANL/PHX-79-4, p. 125 
5. D.C.J.M. Hageman et al. Phys. Lett. 84B (1979) 301 
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HIGH SPIN ROTATIONAL STATES IN ACTINIDE NUCLEI* 
P. Fuchs, H. Ower*. Th.W. Elze*. H. Emling, E. Grosse, J. Idzko*. N. Kaffrell 

D. Schwalm, K. Stelzer*, N. Trautmann"1", H.J. Wollersheim 
Gesellschaft fur Schwerionenforschung, Darmstadt, W. Germany 
*Institut fiir Kernphysik, Universitat Frankfurt, W. Germany 

Institut fiir Kernchemie, Universitat Mainz, W. Germany 
High spin states in 2 3 2 T h and 23i»»236>238u n a v e t, e e n studied via multiple coulomb excitation with 5.3 MeV/u 2 0 8Pb-ions supplied by the UNILAC at 

GS1. De-excitation y-rays were observed with Ge-detectors and corrected for 
the large Doppler broadening by detecting in coincidence the recoiling target 
nuclei and/or the scattered Pb-projectiles over a large angular range in two 
position-sensitive parallel plate counters. 

The ground state band is observed up to spin Z8 + in 2 3 2 T h and 2 3 1*U and 
30+ i n 23E»238u. High spin levels of the K=0" band were also identified. The level energies deduced for the ground band of all four nuclei show a tendency 
to be too low above spin 14 + as compared to energies extrapolated from low 
spin states. This corresponds to an 'upbending' of the apparent moment of in
ertia, which is also observed in 2 1 , 8Cm studied recently at GSI 1. Our data is 
consistent with the assumption that the ground band is crossed by a strongly 
interacting excited band based on rotati
onal aligned VJ15/2 or m'13/2 pairs 2; The 
figure shows that a rotational aligned an
gular momentum of 4 to 5 "fi at spin 26 can 
be deduced for these nuclei if the rot-vib 
model 3 is used to describe the collective 
rotation of the core. 

The experimental Y-ray yields within 
the ground band are compared with results 
of semi-classical coulomb excitation calcu
lations using matrix elements based on the 
rigid rotor, interacting boson1* , and rot-
vib model 3, and including El- and E4-exci-
tations as well as octupole, B- and Y-bands. 
In view of the uncertainties of the inter-
bands matrix elements used in these calcu
lations, an at least reasonable description 
of the observed ground state yields is ob
tained assuming rigid rotor values for the 
inband matrix elements. Thus it seems un
likely that the 'upbending' is caused by a crossing of the ground band with a 
band of much larger deformation. The interacting boson-model, which predicts 
a cut-off of the ground bands at spin 24 +, 26+, 28+, 30+ for 2 3 Z T h , 2 3"U, 
23o,238[j, respectively, and a strong reduction of the Y-yields in the high-
spin region, is in contrast to our data. It is felt that this discrepancy can
not be solved by including two-quasiparticle bands into the model. Calcula
tions employing the rot-vib model are still in progress. 

supported by Bundesministerium flir Forschung und Technologie 
1. R.B. Piercey et al., Proc. Int. Conf. on Band Structure and Nucl. Dynamics, 

New Orleans, 1980, to be published. 
2. S. Frauendorf, F.R. May, and R.S. Simon, contribution to this conference. 
3. M. Seiwert and P. Hess, Univ. Frankfurt, priv. communication. 
4. A. Arima and F. IacheT- *r.r.. Phys. Ul_ (1978) 201. 
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Effective and Collective Moment of Inertia in Cranking Model 
H.Sagawa and T.D0ssing 

Niels Bohr Institute and Nordita 
Blegdamsvej 17, Copenhagen 0, Denmark 

Recent tf-spectroscopy experiments have given us new in
formation about rotational bands up to very high angular momentum 
(I~45fi) in rare earth nuclei. The energy of a band, as func
tion of angular momentum, can be expanded around a certain value 

The effective moment of inertia,?ei5- , 
is close to rigid body value in acco
rdance with theoretical predictions 
based on the cranking model. The 
collective moment of jnertia ,Jcoll , 
shows a reduction up to 50% relative 
to Tefi fthis reduction increasing 
with increasing angular momentum. 
The cranking model gives the follow
ing expression for ̂ t o|| : 

?C.II = f e ] + f e ? ) / f e ? v ""£*•»+ ^ 
Here E* (u>, 0 ) is the energy in the 
rotating frame for the configuration 
of the band, as function of frequency 
« and deformation $ . The first 
term of JcoU is the Inglis moment of 
inertia in the rotating frame,and the 
second term, S J, is due to the defor
mation change along the band. In the 
figure we show the single-particle 
contributions to 3Inglis for yrast 
configurations of the nucleus 166Yb 
at three different frequencies. The 
main contributions to f Inglis comes 
from high-j^orbitals as indicated in 
the figure . These orbitals have a 
strong tendency to align their 
angular momenta along the rotating 
axis, thereby decreasing the non-
diagonal matrix-elements of jx. The 
figure in a natural way explains 
why ,7c.oll decreases as function of 
angular momentum. 
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HIGH SPIN STATES AND A 230-ns ISOMER IN l 5 3 H o 1 ' 

D.C. Radford, M.S. Rosenthal, P.D. Parker, andJ.H. Thomas 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

Recently much attention has been devoted to rare-earth transitional nuclei, 
particularly following the observation of very high spin states and high spin yrast iso
mers in 

152Dyl)andl54 E r 2j # 

We have begun a study of the odd-proton nucleus 
using standard y-rays spectroscopy tech

niques and the reactions 1 4 1 P r ( 1 6 0 , 4n) and 1 2 2 S n 
(^Cl, 4n). Only the decay of 1 5 3 H o had previously 
been observed, 3 )so transitions were isotopically 
assigned on the basis of their excitation functions. 

A preliminary level scheme is given in the 
figure. An yrast isomer with a half-life of (231 ± 
4) ns and a spin of about 33/2 is observed at an 
excitation of approximately 2.8 MeV. This iso
mer is hypothethised to decay via at least one un
observed low-energy transition. Due to the pres
ence of a 439 keV doublet, the energy sums for the 
states feeding the 439 and 378 keV transitions are 
not sufficiently accurate to remove the possibility 
of two low-energy transitions. 

Very few states below the isomer have sig- i 
nificant prompt feeding, so that angular distribu- • 
tions could be used to determine only a few multi-
polarities. However, regular energy spacings 
suggest a vibrational band built on the 11/2" state 
(tentatively assigned as the ground state on the 
basis of the a-decay 3 ) ) . This i s supported by the 
systematics of the neighboring nuclei, and by a 
stretched quadrupole assignment to the 576 keV 
transitions from the angular distributions. If the 
576, 515, 557, 555 and 532 keV transitions do in
deed form a vibrational band, then the spin of the isomer is most probably 33/2 or 
35/2. Above the isomer, angular distributions determine the multipolarities of most 
of the transitions. The 762, 195, and 883 keV y-rays show isotropic angular distri
butions, which probably reflects half-lives long enough for the alignment to be de
stroyed but too short to be seen in our lifetime measurement (Tj/2 < 1° n s ) - The 
yrast line shows the irregularity observed in neighboring nuclei, and its probable 
slope also yields an effective moment of inertia significantly larger than the rigid 
sphere value, although it is difficult to be quantitative without more definite spin 
assignments. 

1"%.*WV2M«. 

t Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
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CONFIGURATION ASSIGNMENTS IN DOUBLY ODD DEFORMED NUCLEI FROM 
RESIDUAL INTERACTION STUDIES 
P. C. Sood and R. N. Singh 

Physics Department, Banaras Hindu University 
Varanasi 221005 (India) 

In view of the sparse data on the excitation spectra of odd-odd nuclei, 
it is of interest to have reliable estimates for the location of the various 
two quasi-particle states with a view to assign appropriate spin-parities. 
On the other hand, for levels with known spin and parity, one is interested 
in determining the nature of the state and to assign deformed orbital con
figurations to the same. The usual procedure1) is to build up the two quasi-
particle states by superposition of the single particle configurations from 
the neighboring odd-mass nuclei and, while invoking the Gallagher-Moszkowski 
rule (which places the state with parallel spin projections out of the G-M 
pair with Kr = |fip ± JJn| lower in energy), add a constant n-p residual interaction contribution to split the GM pair. This procedure has however 
been found2) to be inadequate to describe even the ground state in several 
rare earths and actinides; these anomalies could be explained with the 
proper inclusion of the residual interaction effects. 

In common with other studies3) we adopt a zero range interaction and 
obtain2) for the residual interaction energy contribution to the K band 

AE. n t(K) = (l-a)W A W(K) + aW A ^ K ) 
where A^ and A f f are the matrix elements of the Wigner (spin independent) and the spin-dependent 5 p-5 n terms, a being the relative strength of the spin dependent part and W the potential strength. The matrix elements 
have been evaluated analytically using Nilsson wavefunctions and the inter
action parameters W and aW determined1*) from the atomic mass data and the 
splitting energy of the ground state GM pair. The calculations show that 
the inclusion of the residual interaction contribution results in reordering 
of the two-quasiparticle spectra in several cases as compared with the pre
dictions of the simple superposition approach. We have made detailed com
parison and predictions over a wide range of nuclei wherever enough informa
tion is available. For example comparison with the experimental results for 
Americium isotopes5) is seen to lead to appropriate configuration assign
ments to the states with same spin-parity and also to the approximate loca
tion of missing combinations. The calculations further predict the corres
ponding two quasi-particle spectra involving the excited proton single 
particle states. 

1. V. A. Ionescu et al., Nucl. Phys. A3!3 H979) 283; S. B. Burson et al., 
Nucl. Phys. A204 (1973) 337. 

2. R. N. Singh and P. C. Sood, Nucl. Phys. & Solid State Phys. (India) 
22B (1979) in press. 

3. J. P. Boisson et al., Phys. Reports 26C (1976) 99. 
4. P. C. Sood and R. N. Singh, Proc. VI Atomic Masses Conf. (Michigan 

State, 1979) in press. 
5. T. Grotdal et al., Physica Scripta 14_ (1976) 263. 
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THE HEW TYPE OF COLLECTIVE EXCITATIONS IH HUCIEI 

7. Vanagas 

Institute of Fhrslcs, Vilnius, U.S.S.R. 

The microscopic theory of the collective motions in nuc
l e i ' , based on the clear dist inction between the collective 
and internal degrees of freedom, gives the method for the ex
pansion of an arbitrary microscopic Ramiltonian in s er i e s , the 
f i r s t term of which gives the col lect ive hamlltonian H|,0 l-.The 
eigenstates of \0yi give the most general description of the 
col lect ive features of the nuclei . Most of them are the new 
ones, not similar to those, which follow from the traditional 
phenomenological approach. In particular, the following new 
e f f ec t s , connected with the microscopic col lect ive degrees of 
freedom, have been discovered. 

The col lect ive excitations of a new type are equally im
portant in even and odd nuclei and the spectrum of R ^ , O 1 1 i s s i 
milar to the traditional rotational-vibrational picture only in 
special cases of some even nuclei . The new picture of the col
lective spectrum, not known in the phenomenological theory, i s 
created by the vectorial and tensorial terms of ^ . O 1 1 . 

The new microscopic theory provides the poss ib i l i ty of 
the investigation of the dependence of the col lect ive effects 
on the form of the potential of the nucleon-nucleon interac
t ion. Wide variety of the potentials has been studied from 
this point of view including the rea l i s t i c potentials , as well 
as some characteristic interactions, Buch as o - forces and 
central nultipole Interactions. 

The spectrum of H c ( J l l , using the simplified version of 
the theory, has been studied in the region of the mass numbers 
A * 40. The collective e f f e c t s , as well as the ef fects opposite 
to the col lect ive oneB, give r i se to a very definite scheme, 
similar to the experimental one, including the description of 
the observed level density. 

1. V.Vanagaa. The Microscopic Nuclear Theory within the frame
work of the Restricted Dynamics, Lecture Notes (University 
of Toronto, 1977) 
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ALPHA CLUSTER WITH HIGH ANGULAR MOMENTUM 
I. Tonozuka and K. Harada* 

Department of Applied Physics, University of Tokyo 
* Division of Physics, Japan Atomic Energy Research Institute 

Recent experiments ' on the heavy ion nuclear reaction show that a-par-
ticles having larger energies and angular momenta than those anticipated from 
the evaporation model are emitted considerably. Data have been analysed in 
terms of the pre-equilibrium model in which the formation probability of a-
cluster is assumed to be one. 

In order to examine how much the a-cluster with a high angular momentum 
can be formed in a medium heavy nucleus, we have calculated a-reduced width 
amplitudes yj(a) with the angular momentum J for four-particle shell model 
states around an assumed residual nucleus. The square norms Sj = <y?> for some 
configurations with N = 2n + £ = 6 oscillator quanta are shown in the figure as 
a function of J. 

In each configuration, the Si-factor grows larger in the region of high 
angular momentum, especially in the configuration with nodeless orbits. The 
Sj-factor can be factorized as S J = C J T J . The C, represents angular and spin 
overlaps between the a-particle and tfie four particles, and Tj the radial 
overlap. In contrast to the decreasing inclination of the Cj, the Ti-factor 
shows a severe increase as 0 increases. The rising nature of Sj in the region 
of high angular momentum is a consequence of the strong increase of Tg which 
overcompensates the decrease of Cj in that region. The increasing nature of 
Tj as a function of J can be regarded as the finite size effect of the a-par
ticle, since one easily observes that the Tj-factor remains constant irrespec
tive of J if one takes the zero-size approximation for the a-particle. On the 
contrary, if one assumes « a = v/\ the ratio of T (J=Jmax) to T (J = 0) amounts to 10? for Q i 4 configuration. Because of the 
property of the Ci-factor in the larger J region 
the growth of Sj for the (JH-1/2, a-1/2) type 
configuration is more remarkable than that for 
the (£±1/2)2. Unlike the a-decay between the 
ground states, the phase of each configuration 
will become at random in the highly excited 
states, and the destructive interference will 
lead to a small a-reduced width, in particular 
for lower J. For high spin states, however, a 
few configurations are involved in and the cor
responding Sj-factors have large values. There
fore, it is conceivable that a-clusters with 
large angular momentum are preferably formed in 
highly excited states. 

1. T. Nomura, Proceedings of the International 
Workshop on "Reaction Models for Continuous 
Spectra of Light Particle" Bad Honnef Nov. 
15-7, 1978, Institute fur Strahlen und 
Kernphysik der Universitat Bonn, p.160. 
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MULTIPLE COLLECTIVE EXCITATIONS VIA BOSON EXPANSIONS 

C.A. Engelbrecht, 
Physics Department, University of Stellenbosch, Stellenbosch, South Africa 

H.B. Geyer and F.J.W. Hahne 

Physics Division, Atomic Energy Board, Pretoria, South Africa 
The finite boson expansion technique is particularly useful 

for the investigation of problems associated with the description 
of highly excited nuclear states in terms of multiple collective 
excitations. Apart from the normal Pauli anharmonic effects in 
multiple boson states, it is also important to study the 
decoupling of non-collective degrees of freedom, as well as the 
influence of other types of collective excitations. The 
decoupling is complete in the schematic model with constant 
particle-hole (ph) interactions and a degenerate ph-basis. 

A semi-sahematic model was investigated in which the 
degeneracy is split. The effect on the decoupling is slight. 
As function of the ratio between the energy splitting and the 
interaction strength, the ratio of 2-»-l phonon to l-*0 phonon 
transition probabilities, as well as the ratio between 2 phonon 
and 1 phonon excitation energies show a gradual change from the 
schematic model values as modified by the exclusion principle 
in the larger active space to those for the active space which 
remains when some of the ph states have moved out of range. 

An example of the influence of one type of collective 
excitation on another is obtained by introducing particle-
particle (pp) and hole-hole (hh) interactions, which lead to 
collective pairon (pp) and holon (hh) excitations. The 
interaction which generates these excitations must then 
inevitably mix pairon-holon excitations into two-phonon states 
in close proximity. This of course also shifts the energies and 
fragments the transition strengths strongly. 

The bi-fermion operators for ph, pp and hh collective 
states are elements of a Lie algebra associated with the group 
Sp(4). This algebra was analysed by means of a finite boson 
expansion similar to the Dyson-Maleev formulation (1) for the 
generators of SU(2). Ideal fermions (2) and non-collective 
bosons can also be incorporated in this new expansion. They 
enter essentially in a number operator capacity for the 
respective excitations and thus in effect they monitor the 
available space for the collective states. 

The finite boson expansion method was also used to derive 
the phenomenological IBA model for even and odd nuclei for a 
microscopic hamiltonian with monopole and quadrupole pair 
interactions. The IBA hamiltonian thus obtained is non-hermitian 
and it remains difficult to visualize the existence of a finite 
hermitian boson hamiltonian. 

(1) F.J.W. Hahne and T. Tamura, Phys. Rev., submitted 
(2) H.B. Geyer and F.J.W. Hahne, Phys. Lett., to be published 
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SYMPLECTIC SHELL MODEL OF COLLECTIVE MOTION* 
G. Rosenstee! 

Tulane University, New Orleans, Louisiana, 70118 
The Symplectic model is a microscopic theory which provides a practical 

technique for identifying the shell configurations necessary for the 
description of quadrupole and monopole vibrations as well as collective 
rotations of the nucleus. The model is based on the symplectic algebra 
sp(3,R) and is a natural generalization of both the Bohr-Mottelson collective 
model and Elliott's su(3) model to include many major oscillator shells in 
addition to core excitations. The sp(3,R) algebra includes the quadrupole 
and monopole mass moments, the kinetic energy, the harmonic oscillator 
Hamiltonian and the angular and vibrational momenta In contrast to the 
su(3) algebra, the sp(3,R) algebra makes no Onw approximations and treats 
all observables in the algebra exactly, thereby achieving a theory of 
collective motion applicable to large amplitudes. 

Numerical results are reported for 2 0Ne using an 8fiw truncation and a 
phenomenological potential V(B,Y)- Satisfactory agreement with experiment 
is obtained for the absolute B(E2) rates without resorting to an effective 
charge. A 10+ state is predicted extending the yrast band beyond the su(3) 
cutoff with a large transition rate to the 8+ state, B(E2:10-»8) a 16 w.u. 

A projection technique 1s used to determine the two-body part of the 
many-body potential V( B , Y ) . Results for the two-body projection differ only 
slightly from the many-body potential. Hence, in the symplectic shell model, 
one has achieved a collective model with two-body forces. 
+This work supported by NSF grant PHY-7906534. 
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VELOCITY CURRENT DISTRIBUTION FOR FAST ROTATING NUCLEI 
Wu Xl-zhen Zhang Xi-shen 

Feng Ren-fa 
Zhuo Ti-zhong 

Institute of Atomic Energy 
Academla Sinloa, Beijing, China 

It is of current interest to investigate the structure of 
rotational currents. In all previous studies on this problem 
the perturbation methods were used, so that the results vere li
mited to the small rotational frequencies (small w ). In addi
tion, so far, there exist two kinds of self-consistency condi
tions for the calculation of current distributions 1,2). 

In this work the velocity current distribution is calculated 
on the baals of exact solution of cwnkled anisotropic harmonic 
oscillator by including AN=2 at various rotational frequencies 
(1*9=0.001, 0.15, 1.5, 2.25 in MeV unit). Only for the cases 
of tUo=o.l5, 2.25 are plotted ( see. Fig. 1-2). It is found that 
a large number of circulations appeared in the case of small u) 
and gradually disappeared as thecO increased. 

Our calculation also shows that based on the different self-
consistency conditions the results are the same for the small'" 
quite different for large w although the general tendency indi
cated above is still the same. 

*f»/ra"»« 
Ja,=«J5«« 

1. A. Bohr and B. R. Hottelson Nuclear structure Vol.2 
(Benjamin, New york, 1975 ) 

2. Heavy-Ion, High-Spin states and Nuclear struoture Vol.1 
(Vienna, 1975 ) 
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SELF-CONSISTENT COLLECTIVE COORDINATE METHOD FOR 
LARGE AMPLITUDE NUCLEAR COLLECTIVE MOTION 

T. Marumori, T. Maskawa, A. Kuriyama and F. Sakata 
Institute for Nuclear Study, University of Tokyo, 

TANASHI, TOKYO, 188 
A new microscopic theory capable by itself to select the 

"optimum" collective path (or more generally, the "optimum" 
collective submanifold in many particle Hilbert space), 
consistent with the spacified boundary condition on the 
collective motion, is developed.1-3' 

In order to describe the large amplitude collective 
vibration about the Hartree Fock ground state 14> o >, we introduce 
a generalized moving frame called as a vibrating frame2'3' 
(which corresponds to the rotating frame for the rotational 
nuclei) by a time dependent unitary transformation, with complex 
parameters nr(t) and their complex conjugate r|r* (t) spacifying 
the collective variables, 

|<t>(n*(t),n(t))> = u - 1(n*(t),n(t)) |<t>0>. 
On the basis of a simple fundamental principle called as 

the "invariance principle of the SchrBdinger equation"1' to 
spacify the time variation of the collective variables (n*(t), 
n(t)), 

o=fi<«Q|u(n*(t),Ti(t)){i-|E - H}u-1(n*(t),n(t)|<t>0>, 
i t i s shown t h a t t h e "maximal decoupled" c o l l e c t i v e Hamiltonian 
^ ( n * , ! ! ) =«b* | u (n* ,n )HD - 1 (ri*,n) |<t>o> i s determined s e l f c o n s i s t e n t -
iy-
1. T. Marumori, A. Hayashi, T. Tomoda, A. Kuriyama and 

T. Maskawa, INS-Rep.-347, Sept. 1979; To be published in 
Progr. Theor. Phys. 

2. T. Marumori, A. Kuriyama and F. Sakata, Proc. Deuxieme 
Colloque Franco-Japonais de Physique Nucleaire avec des Ions 
Lourds, Gif-sur-Yvette, FRANCE, 8-12 October, 1979. 

3. T. Marumori, T. Maskawa, A. Kuriyama and F. Sakata, To be 
submitted to Progr. Theor. Phys. 



ADIABATIC TIME-DEPENDENT HARTREE-FOCK CALCULATIONS FOR THE OPTIMAL PATH, 
THE POTENTIAL AND THE MASS PARAMETER FOR LARGE AMPLITUDE COLLECTIVE MOTION 

K. Goeke 
I ns t i t u t fUr Kernphysik, KFA J i i l ich, D-5170 J i i l i ch , West Germany 

J.A. Maruhn 
I ns t i t u t fur Theor. Physik, Univ. Frankfurt, D-6000 Frankfurt, West Germany 

P.-G. Reinhard 
I n s t i t u t fur Kernphysik, Univ. Mainz, D-6500 Mainz, West Germany 

Microscopic theories of large amplitude col lect ive motion in the s p i r i t 
of ATDHF aim to reduce the many body problem to a simpler one in terms of one 
(or few) col lect ive coordinate, q, thereby using concepts l i ke col lect ive 
masses, M(q), and potent ials, V(q); refs. 1-4. One of these approaches1) has 
been shown to be part icular ly appropriate for a numerical application since 
i t resu l t s 5 ) in a simple d i f fe ren t ia l equation for the col lect ive path, 
|${q)>, from which V(q), M(q) together with a l l relevant quantum corrections 
can be extracted: 

^ • ( q ) > =c (q ) [H ,H p h ( q ) ] p h U(q )> (1) 

Here the c = M(3V/3q)~ and ph indicates the lp - lh part w.r. to l*(q)>. The 
resul t ing U(q)> is optimal i n the sense that i t minimizes the coupling 
between the col lect ive coordinate q to the noncollective ones. The i n i t i a l 
value l * ( q i n ) > for eq. (1) can be uniquely fixed by the va l id i t y condition of 
the Goeke-Reinhard approach. 

In prax i , eq. (1) is solved in a 3-dimensional coordinate- and momentum-
space on a grid of 9x9x9 points with step size of 1 fm. The theory is f i r s t 
applied to the 8Be->a+a system using a simplif ied Skyrme-force without Coulomb 
part. Fig. 1 shows equidensity 
plots for various points of 
{|iji(q)>} being equivalently l a 
beled by the deformation 0 of 8Be 
and the distance d of the a-par-
t i c l e s . The curves reveal features 
l i ke polarization of the fragments, 
neck formation, etc. Fig. 2 shows 
V and B = 1/M. For large d the M 
approaches the reduced mass from 
which i t strongly deviates in the 
overlapping region. 

Although the calculations are 
f u l l y dynamic and evaluate the op
timal path they are much faster than 
ordinary Hartree-Fock with a guessed 
constraint. 

1) D.J. Rowe, R. Bassermann, Can. 
Journ. Phys. 54 (1976) 1941 

2) F. V i l l a r s , Nucl. Phys. A285 
(1977) 269 

3) K. Goeke, P.-G. Reinhard, Ann. 
Phys. 1U_ ( 1 9 7 8 ) 328; 

4) M. Baranger, M. Veneroni, Ann. 
Phys. 114 (1978) 123 

5) P.-G. Reinhard, K. Goeke, Nucl. 
Phys. A312̂  (1978) 121 

Figure 1 
~i i 1 1 1 1 1 r 

"Be—o>a 
ATDHF 

•2 

- 0 

-J i I ' ' i i i 

-2 § 

- - 4 

- -8 
20 30 

- d [ fm] -

Figure 2 

40 50 

344 



MAGNETIC HIGH SPIN STATES IN 2° 8Pb 

S. Krewald, 0. Speth 
Institut fur Kernphysik 

Kernforschungsanlage Julich 
D-5170 Jiilich, West Germany 

The magnetic high spin states discovered recently in ̂ OBpjj 1) a r e e s p e _ 
cially interesting because the number of single particle hole excitations 
which can contribute is highly restricted. The experimental excitation ener
gies are very close to the shell model energies for the neutron j'15/2 113/2 
and proton ii3/2 h-11/2 configurations. The cross section measured in inelastic 
electron scattering, however, is only 50 % of the shell model prediction. 

We show that the coupling of phonons to the single particle states is 
largely responsible for this discrepancy. The collective 3" state at 2.61 MeV 
alone reduces the single particle strength of the neutron J15/2 orbit to 
Z = 0.65. Apart from the first 5" state at 3.19 MeV, the influence of the 
other phonons can be neglected. 

Since the form factors have maxima above q = 2 fur 1, it is definitely 
required to take into account the one pion exchange potential and the rho 
meson exchange. We show that in the important q-range the effective inter
action becomes weakly attractive. This explains the coincidence with the 
shell model predictions. Results of a 2p2h-calculation with one pion and rho 
exchange are shown in the table. 

E(12p [HeV] E(12~) [HeV] E(14") [HeV] 

shell model 6.49 7.18 6.49 
lp lh 6.60 7.52 6.81 
2p2h 6.54 7.37 6.63 
exp. 6.43 7.06 6.75 

The large Landau parameter go = 0.75 employed here is incompatible with "pre-
critical phenomena" related to pion condensation. 

also: Physics Department, University of Bonn, D-5300 Bonn, West Germany 
1) J. Lichtenstadt, Phys. Rev. Lett. 40 (1978) 1127 
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MAGNETIC MOMENTS HI THE BACKBEHDING REGIOH 
S. Frauendorf CMR Rossendorf GDE 

Backbending is understood as the crossing of the collec
tive groundband (g-) with the s-band containing two aligned in
trudes quasiparticles. This simple two band picture well 
accounts for the spectra 1 ) . momentum 
In the cranked shell model ' the total angular I and magnetic 
moment ,u at the frequency to are given by 
I(w) = Ig(o») + i(w) ^ ( w ) = g R Ig(«») + g ± i(«) 

where I is the collective angular momentum and i(c«) the alig
ned angular momentum of the excited quasiparticles. The gyro-
magnetic ratio is 

g S / T = SR + ^gi " gR^ i ^ ° ^ 1 ^ 
where i («*>) may be obtained from the experimental spectrum . 

The relevant matrixelementB of the magnetic moment for the 
intruder states do not very strongly deviate from the spherical 
shell mod<*l limit. Using this and reducing g a by a factor of 
0.7 one obtains g ± = 1.26, -0.20, 1.22, -0.18 for h ^ /gP, 
i„/ 2n, i^/gP and i^c/^-t respectively. We take g R = 0.35. 

In the g-band 1 = 0 and g = g R. The first backbond in the 
light rare earthes is the crossing of the i-^/g neutron s-band 
with g-berad. Assuming a sharp crossing at I- = 14 and i a n = 8,g 
drops from 0.35 to 0.04 and then slowly increases again. The 
second backbond is due to the h... /g protons. With Ig = 28 and 
i„„ = 6, respajtively, g numps from 0.20 to 0.39. The backbond 
Bp 1QA 
in Os is also interpreted as neutron alignement. Accordingly 
g should drop from 0.35 to 0.08 at I = 14. In Os' g would 
decrease to -0.03 at I = 12 if the backbend is caused by the 
neutrons but Increase to 0.83 if the hq/p protons are respon
sible. In most nuclides there is some mixing between g- and s-
band leading to a gradual growth of i(ft>). In Er one finds 
g = 0.35, 0.35, 0.34, 0.10, 0.12, 0.14 and in Y b 1 6 8 g = 0.27, 
0.25, 0.22, 0.20, 0.18, 0.16 for I = 10, 12, ..., 20 respecti
vely. The values for other N = 96 and 98 isotones should be 
similar. 
^' R. Bengtsson, S. Frauendorf, Hucl, Phys. A 314 (79) 27, 

A 327 (79) 139 
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COMPETITION OP PROTON AND NEUTRON ALIGNEMENT IN ROTATING HEAVY 
NUCLEI 

S. Prauendorf, P. R. May CINR Rossendorf GDR 
R. Simon GSI Darmstadt FRG 

Backbending in heavy deformed nuclei is interpreted as the 
crossing of the ground state band (g-) with the s-band contai
ning two aligned intruder quasiparticles (b-^/o* ^-A-\II* «Il5/2̂ " 
The cranked shell model ' (CSM) is able to account for the 
crossing frequency £Jcthe amount of aligned angular momentum 
i and the interaction matrixelement V controlling the band s 
mixing and thus the rapidity of the backbend. 

If the deformation is prolate 1 decreases and coc incre
ases with the filling of the intruder shell. Thus the position 
of the chemical potential determines whether the proton or the 
neutron s-band crosses first, where due to the larger pairing 
gap the protons are slightly disfavoured. 
In the light rare esrtb.es the h... ,„ p shell is half filled 
whereas the lowest i.3/0 n levels are being filled. Correspon
dingly CSM giveBW™-:** 0.3 MeV and to A* 0.4 MeV, what is born 
out by the data on the first (i-iQ/o) a n a second Oi-^i^i back-
bend observed in the spectra of the Z = 66 - 72 nuclids. 
The rapidity of the crossing is well correlated with the 
oscillations of V calculated in the CSM. 

In the hbc 7y rare earthes the i-i-j/o n shell is half fil
led. The competing protons are in the h„/p shell the 1/2 level 
of which beeing close to the Fermi surface. However CSM calcu
lations for A » 182 give Co™ = 0.25 - 0.30 MeV and o> as 

ISA * 
0.40 MeV. The spectra of odd A - nuclids around 0s are con
sistent with the neutron alignment being first. In heavier Os 
and Pt isotopes co„„ and Ct> come close. 

In the light actinides the chemical potentials lienear the 
7/2 level of the d 1 5/ 2

 n shell end the 5/2 level of the i 1 3 / 2 

p shell. As a consequence o)_„ »i.; s 0.20 MeV. The spectra of 
the U-isotopes, Th 3 and Np237 a r e consistent with a simul
taneous alignement of protons and neutrons. 
1^ R. Bengtsson, S. Prauendorf, Nuel. Phys. A 314 (79) 27, 

A 327 (79) 139 
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BOSON EXPANSION THEORY APPLIED TO THE ANALYSES OF Os AND Pt NUCLEI 
K. J. Weeks and T. Tamura 

Department of Physics University of Texas Austin, Texas 78712 
The boson expansion theory, as formulated earlier 1), has recently been applied in describing the transition from the spherical to deformed elements of the Sm isotopes2). Analyses of Ru and Pd isotopes have also been made 3). We report here on more recent work for the Os and Pt isotopes. Part of the results have already appeared"). 
It is seen in Fig. 1, that the theory agrees well with the experimental spectra, in fact reproducing the more deformed nature of Os and the more y-unstable nature of the Pt isotopes. The difference between the Os and Pt isotopes can, however, be seen more clearly in some branching ratios. Two examples presented in Fig. 2, do in fact reveal a dramatic difference; and it is seen that the theory reproduces this. 
The results may be understood from the following. The four proton holes in the Pt isotopes favor an oblate shape and compete with the opposing tendency exerted by the larger number of neutron holes. Furthermore, it is to be expected that a transition from prolate to oblate deformation induces r-insta-bility in the nuclear system. This occurs in Pt. A similar feature is also true in Os, but the six proton holes favor an oblate shape more weakly than in Pt. Thus the Os isotopes, particularly the lighter elements, tend to have a prolate deformation. Our theory, due to its construction of the bosons from the underlying proton and neutron single particle degrees of freedom can reproduce these transitions. 
Currently we are working on the Ge and Se isotopes, and the results of this new work ; may also be discussed, together with further i details of the Os-Pt analyses. Z 
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Fig. 2 Theoretical (x) and experimental (•) B(E2) ratios. 
Supported in part by the U.S. Department of Energy. T. Kishimoto and T. Tamura, Nucl. Phys. A!92, 246 (1972); A270, 317 (1976) T. Tamura, K.J. Weeks and T. Kishimoto, FfiyT. Rev. C 20, 307T1979). K.J. Weeks and T. Tamura, Phys. Rev. C (in press). . K.J. Weeks and T. Tamura, Phys. Rev. Lett. 44, 533 (1980). 
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PARTICLE-CORE COUPLING IN 1 3 l P t USING A DDT-DESCRIPTION 
OF THE EVEN-EVEN CORES. 

A. VSgnes,. K. Kumar and O.S. Vaagen 

Department of Physics, University of Bergen, Bergen, Norway 

Conventional core-part icle coupling models do not consistently describe 
the transit ional shape and part icle-hole structure of odd-A t ransi t ional 
nuclei. In an approach developed by F. Donau and S. Frauendorf 1) the wave 
functions are formed from par t ic le- l ike states with a par t ic le coupled to the 
col lect ive states of the A-1 even neighbour, and hole-l ike states with a h^le 
coupled to the A+1 even neighbour. The resul t ing equations for the (spectro
scopic) amplitudes are those ear l ier derived by the Philadelphia-group' 1 ' , but 
in the DSnau-Frauendorf approach the i t e ra t i ve procedures required for sel f -
consistency are dropped 
and the core-f ie ld (sta
t i c monopole pa i r - f i e l d + 
col lect ive dynamic quadru-
pole f ie ld ) is considered 
to be known. An approxi
mative procedure for 
selecting the physical 
states excists. ' ) . 

In our calculations 
we have combined th is 
coupling model with a 
Dynamic Deformation 
Theory (DDT)-description 
of cores 5). Results fo r 
1 9 ' P t are shown in the 
f igure. For the quadru-
pole coupling strength we 
have used the Bohr-Mottel-
son value. The two model 
parameters are given in 
the f igure, the Fermi 
level is constrained to conserve the average part ic le number to wi th in 80%. 

• " ' - " " " " „ , . " - . ; l e 1 6 

Quality'of t h e ' f i t is compar
able to what is obtained with simpler core models but requires much fewer 
parameters. The sens i t i v i t y of the odd-A energy sequence to the core model 
seems to be f a i r l y weak. A more detailed tes t of possible improvements is 
expected to resul t from comparisons with transfer and scattering data, such 
calculations are in progress. 

X - e 1 3 / 2 + l 5 HeV, e 9 /2~ e 13 /2 : 4.15 MeV 

The single-part ic le basis consists of two levels (H 13/2» ^9/zl w n , " l e 

states were included in each core nucleus. The Quality of the f i t is c 

1) F. DBnau and S. Frauendorf. 
J . Phys. Soc. Japan 44(1978)526 

2) A. Mein et a l . Phys. Rev. B140 (1965) 245 
3) K. Kumar et a l . Phys. Rev. TTreil977) 1235 
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MICROSCOPIC TRIAXIAL DESCRIPTION OF ODD AND 
EVEN EVEN NDCLEI IN Os AND Pt REGION 

L. Satpathy , A. Ansari , R. Sahu , M. Satpathy 

t Institute of Physics, Bhubaneswar-/51007, India 
** Physics Department, Utkal University, Bhubaneswar-751004, India 
* Physics Department, McGill University, Montreal, H3A ZT8, Canada 

** Laboratolre de Physique Nucleaire, Montreal University, 
Montreal, H3C 3J7 

The study of the structure of nuclei in the Os-Pt region has raised a 
vital question regarding the occurance of rigid triaxial shape. While the 
model study of odd A nuclei favours the view of static triaxial shape for the 
even-even core, the potential energy surface study of such nuclei shows them 
to be y-soft. Thus a controversy has been raised. We have developed a fully 
microscopic model to describe both the odd and even-even nuclei in a consis
tent manner starting from pairing plus quadrupole interaction of Baranger and 
Kumar^-. This theory* for even-even nuclei Is based on variation after angu
lar momentum projection from a triaxially symmetric intrinsic wave function 
obtained in the frame work Hartree-BCS theory and provides a simultaneous 
description of both the ground and y-bands. We have applied^ this theory to 
l°°0s and l° 8Pt. We have chosen a core consisting of 40 protons and 70 neu
trons. For the protons N = 4 and 5 and for neutrons N = 5 and 6 oscillator 
shells are the active shells. We find that the triaxial minima are more 
bound than the corresponding axial minima by 0.714 MeV and 0.724 MeV respec
tively. Level energies up to J = 10 in ground band and up to J = 4 in y-band 
and the electromagnetic properties are in good agreement with experiment. 

The odd A nuclei like * 8 7 I r , 1 8 7 0 s , 1 B 9 I r , and 1 8 9 P t are now described 
in terms of the quasiparticle coupled to the core whose wave functions are 
the ones obtained above. Level energies of both the positive and negative 
parity bands and the electromagnetic properties calculated for these nuclei 
are in reasonably good agreement with experiment. Keeping the parameters of 
the force fixed at the values determined by Baranger and Kumar and without 
any other adjustable free parameters, a coherent description of the both the 
odd and even-even nuclei have been attempted with reasonable success. 

1. M. Baranger and K. Kumar, Nucl. Phys. ALIO (1968) 529. 
2. R. Sahu, M. Satpathy, A. Ansari and L. Satpathy, Phys. Rev. 19C (1979) 
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HARTREE-FOCK-BOGOLYUBOV CALCULATION OF THE Pu FISSIOH BARRIER 
INCLUDING NON AXIAL AND LEFT-RIGHT ASYMMETRIES 

J . F . B e r g e r , M. G i r o d , and D. Gogny 

S e r v i c e de Phys ique N e u t r o n i q u e e t N u c l £ a i r e 
C e n t r e d ' E t u d e s de B r u y e r e s - l e - C h a t e l 

B .P . n ° 561 
925^2 MONTROUGE CEDEX, F rance 

P u r e l y m i c r o s c o p i c approaches a r e p o t e n t i a l l y a b l e t o g i v e d e f i n i t e 
answers t o s e v e r a l open q u e s t i o n s i n t h e n u c l e a r f i s s i o n f i e l d , such a s t h e 
e x i s t e n c e o f new e x t r e m e i n b a r r i e r s and t h e t r e n d o f n u c l e a r p r o p e r t i e s a t 
l a r g e d e f o r m a t i o n s . In r e c e n t y e a r s , v a r i o u s a t t e m p t s i n t h i s d i r e c t i o n have 
conf i rmed t h e e x i s t e n c e o f a second minimum i n a c t i n i d e f i s s i o n b a r r i e r s . 
However, many a p p r o x i m a t i o n s were i n t r o d u c e d i n o r d e r t o r e d u c e t h e s i z e of 
t h e c a l c u l a t i o n , and u n r e a l i s t i c b a r r i e r h e i g h t s were o b t a i n e d . I n t h i s work , 
we p r e s e n t t h e r e s u l t s of a s e l f - c o n s i s t e n t e v a l u a t i o n of t h e 2 l * 0 p u f i s s i o n 
b a r r i e r , where s p e c i a l a t t e n t i o n has b e e n g i v e n t o a r e a l i s t i c t r e a t m e n t of 
s h o r t r ange c o r r e l a t i o n s , asymmetry e f f e c t s a n d z e r o - p o i n t e n e r g y (ZPE) c o r 
r e c t i o n s . I t i s shown t h a t r e a s o n a b l e v a l u e s f o r t h e f i s s i o n b a r r i e r can t h e n 
b e o b t a i n e d . 

In t h i s c a l c u l a t i o n t h e f u l l H a r t r e e - F o c k - B o g o l y u b o v (HFB) f o r m a l i s m 
h a s been u s e d i n o r d e r t o t r e a t t h e p a i r i n g e f f e c t s on t h e same f o o t i n g a s 
t h e ave rage f i e l d a s p e c t s . We emphas ize t h a t t h i s was p o s s i b l e b e c a u s e we 
employed a f i n i t e r a n g e e f f e c t i v e two-body i n t e r a c t i o n 1 ) . The HFB e q u a t i o n s 
have been s o l v e d i n f i n i t e o s c i l l a t o r 
b a s i s o f one and t w o - c e n t r e s t y p e s . De 
s p i t e t h e l a r g e b a s e s u s e d , t h e c o n v e r 
gence i n t h e d i m e n s i o n a l i t y o f t h e b a s i s 
i s a d e l i c a t e p o i n t t h a t we a r e s t i l l 
c h e c k i n g c a r e f u l l y . The p o t e n t i a l ene rgy 
c u r v e was f i r s t computed i n a x i a l and 
l e f t - r i g h t symmetry by c o n s t r a i n i n g t h e 
t o t a l quad rupo l e moment of t h e sys t em. 
The a x i a l symmetry was t h e n r e l a x e d a t 
t h e f i r s t b a r r i e r , r e v e a l i n g a s t r o n g 
. • ^ i n s t a b i l i t y . The l e f t - r i g h t asymmetry T a b l e 1 
h a s a l s o been e x p l o r e d b y u s i n g an a d -
d i t i o n n a l c o n s t r a i n t on t h e o c t u p o l e moment o f t h e sys tem i n t h e r e g i o n o f 
t h e second b a r r i e r . A deep v a l l e y was found f o r v a l u e s o f t h e mass asym
m e t r y p a r a m e t e r c o m p a t i b l e w i t h t h e e x p e r i m e n t a l d a t a on mass y i e l d s . F i n a l 
l y t h e m i c r o s c o p i c wave f u n c t i o n s t h u s o b t a i n e d have been u sed t o compute 
t h e ZPE c o r r e c t i o n s a s s o c i a t e d w i t h t h e s p u r i o u s r o t a t i o n - v i b r a t i o n modes o f 
t h e sys tem and w i t h t h e s p u r i o u s r e l a t i v e m o t i o n o f t h e f i s s i o n f r a g m e n t s . 

The t a b l e 1 shows p r e l i m i n a r y r e s u l t s o b t a i n e d f o r t h e b a r r i e r h e i g h t s 
( E ^ - E j and Eg-Ej ) and t h e p o s i t i o n of t h e i s o m e r i c w e l l ( E u - E j ) f o r t h e 
v a r i o u s t y p e s o f symmetry and a f t e r t h e ZPE c o r r e c t i o n s have b e e n a d d e d . I t 
i s l i k e l y t h a t t h e s e c o n d h a r r i e r w i l l b e n o t i c e a b l y r e d u c e d a f t e r f u l l 
convergence i n t h e b a s i s d imens ion . 

% - E : E B " E I E n - E ] 

m ~£rf*t •»-• IO.T 23.2 6.9 

HFB y- asymmetry 8.5 - -
HFB mass-asynaetry - i5.a -
ZPE c o r r e c t i o n s added 6.B 9 . 8 3 .7 

f roa experiment 6 .0 5.& 2 

1. D, Gogny, t o b e p u b l i s h e d in P h y s . Rev. C. 
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NEUTRON CROSS SECTION CALCULATIONS FOR THE EVEN SAMARIUM ISOTOPES 
USING DEFORMATION DEPENDENT WAVE FUNCTIONS 

Ch. Lag range , M. G i r o d , B. Grammaticos , and K. Kumar t 

S e r v i c e de P h y s i q u e Neu t ron ique e t N u c l e a i r e 
C e n t r e d ' E t u d e s de B r u y e r e s - l e - C h a t e l 

B .P . n ° 56l 
925^2 MONTROUGE CEDEX, F r a n c e 

The m i c r o s c o p i c wave f u n c t i o n s o b t a i n e d 1 - 2 ) from t h e d i a g o n a l i z a t i o n of 
t h e c o l l e c t i v e h a m i l t o n i a n u s i n g t h e n u m e r i c a l method o f Kumar and B a r a n g e r ^ ) 
a r e u s e d i n a g e n e r a l i z a t i o n of t h e coup led 
o p t i c a l model . These wave f u n c t i o n s have t h e 
f o l l o w i n g form : | lM,n> = £ A ^ C B a . T a ) * ^ - 1 1 . 
and t h e h a l f - v a l u e r a d i u s o f t h e o p t i c a l 
p o t e n t i a l i s p a r a m e t r i z e d a s u s u a l f o r t r i -
a x i a l q u a d r u p o l e d e f o r m a t i o n ( S a , T a ) - The 
d i f f e r e n t m u l t i p o l e s o f t h e p o t e n t i a l s a r e 
computed u s i n g t h e s e wave f u n c t i o n s v i a two 
d i m e n s i o n a l i n t e g r a t i o n o v e r t h e a n g l e s (6 ,»f) . 
Th i s fo rma l i sm a v o i d s t h e c h o i c e of deforma
t i o n p a r a m e t e r s and a l l o w s us t o t a k e i n t o 
a c c o u n t t h e p o s s i b i l i t y o f shape c o e x i s t e n 
ce f o r v a r i o u s ground and e x c i t e d s t a t e s . The 
c a l c u l a t i o n s of n e u t r o n c r o s s s e c t i o n s were 
p e r f o r m e d u s i n g t h e p r e v i o u s l y d e t e r m i n e d ) 
o p t i c a l p o t e n t i a l p a r a m e t e r s and t h e wave 
f u n c t i o n s c a l c u l a t e d from t h e dynamic d e f o r 
m a t i o n t h e o r y 1 ) f o r 1 ^ 8 , 1 5 0 , 1 5 2 , 1 5 ^ and 
from Har t r ee -Fock -Bogo lyubov m e t h o d s 2 ) f o r 
1 5 0 , 1 5 2 s m . The c a l c u l a t e d t o t a l c r o s s s e c 
t i o n f o r ^ ° S m i s i n f a i r l y good agreement 
w i t h t h e e x p e r i m e n t a l d a t a ^ ) . The c a l c u l a 
t e d t o t a l c r o s s s e c t i o n d i f f e r e n c e s between 
1 5 0 s m ( 1 5 2 S m ) ana lltSgj, a r e p r e s e n t e d i n 
F i g . l a ( F i g . 1b) t o g e t h e r w i t h exper imen
t a l v a l u e s of Ref.l*. F o r t h e s e c a l c u l a -

006 © 
• 006 

•0.04 

• 0,02 tff% 
0 00 l/ 

-0.03 v -M Sml-rt 3ml 

of«aSml 
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-0.06 ' 

t i o n s t h e wave f u n c t i o n s f o r 1U8, Sm have been 

F i g . 1 
t a k e n from t h e work of K u m a r 1 ) . 

The a n g u l a r d i s t r i b u t i o n s computed 
u s i n g t h e p r e s e n t o p t i c a l model p a r a m e t e r s 
and wave f u n c t i o n s a r e i n good a g r e e m e n t 1 ) w i t h r e c e n t d a t a f o r t h e s e Sm i s o -
t o p e s ^ ) . 

t S e r v i c e de Phys ique T h e o r i q u e , CRN de S t r a s b o u r g , F r a n c e . 
t+ P r e s e n t a d d r e s s , U n i v e r s i t y o f Bergen , Bergen , Norway. 
1. K. Kumar, Conference on t h e S t r u c t u r e of Medium-Heavy N u c l e i , Rhodos 

(19T9) p . 169. I n s t i t u t e of P h y s i c s , London ( 1 9 8 0 ) . 
2 . M. G i r o d , K. Kumar, B. Grammat icos , and P . A g u e r , P h y s . Rev. L e t t . Vl_, 

(1978) 1765. 
3 . K. Kumar, and M. B a r a n g e r , N u c l . Phys . A92 (1967) 608 . 
k. R .E . Shamu, Ch. L a g r a n g e , E.M. B e r n s t e i n , J . J . R a m i r e z , T. Tamura, and 

C.Y. Wong, Phys . L e t t . 6 |B (197°) 2 9 . 
5 . M.T. M c E l l i s t r e m , R .E . Shamu, J . Lachkar , G. H a o u a t , Ch. Lagrange , 

Y. P a t i n , and F . Cocu, P h y s . Rev. £15. (1977) 9 2 7 . 
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THE PARTICLE-ROTOR HODEL WITH PARTICAL NUMBER CONSERVATION 
-EXACT SOLUTION FOR i 1 5'2 SINGLE MODEL 

Zhang Xi-zhen Ho Han-zing Zhang Qi-zln Sun Jia-ohang 

Institute of Atomic Energy 
Academla Slnica, Beijing, China 

In this article, we present a particle-rotor (PR) model with 
particle number conservation. The model is solved in 113/2 
single 1 model and comparisons with the results of HFBC and PR 
model with BCS approximation are made. 
For two dimensional rotation, 

H=H.+aa-T.<7 
First, the exact solutions of H,, 

give the bases with particle number 
conservation. In case of 4 particles, 
there are 21 pair exitation states, 210 
states with one pair broken, 210 states 
with two pairs broken, altogether 441 
states. H can be diagonalized with these bases for each I and 
the ground band and S-band obtained here are shown In Fig.1. 
The aligned angular momentum < Jx> of valence particles, the 
<&Jx >, the pairing energy and components of wave function of 
ground band and S-band are also calculated. The results show 
that <Jx> increases rapidly at 1=12, but pairing energy decrea-2 ses rapidly. The (AJx > here has large value, indicating the 
break down of the HFBC at this I. 

The comparisons with the results of HFBC and PR model with 
BCS approximation are made in table. 

The calculation shows that when the energy truncation of 
bases is made, (particle number still conserved), the satisfac
tory result can also be obtained, indicating this model can be 
used to 
caculate 
real nu
cleus. 

HFBC 
BCS-PR 

present wort 

COe 
0.09 (K) 

0.09(10 
OJ09(K) 

Ic 
12 (ft) 

12 (ft) 
12(H) 

3-
9.5(ft) 

9 (ft) 
6CK) 

IVI 
Q045(witSoiff recoiling) 
Q09(WiUi vtcotling) 

0.08 ( K) 
0.2 (K) 
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CONTINUUM Y-RAY SPECTRA AND EXCITATION FUNCTIONS 
OF YRAST STATES IN 1 5 2 D y * 
** I. Ahmad, J. Borggreen, P. Chowdhury, T. L. Khoo, R. K. Smither 

Argonne National Laboratory, Argonne, IL 60439, USA 

S. R. Faber, C. L. Dors, J. Wilson, P. J. Daly 

Purdue University, W. Lafayette, IN 47907, USA 

Beams of 3 S from the Argonne superconducting linac booster have been 
utilized to populate states in ' 5 2Dy in an attempt to study the nature of the 
Y-ray transitions connecting the entry region with the yrast line and to 
understand in detail the population process of the yrast line.l 

Two series of experiments have been done. In one, the population 
intensities of yrast states in 1 5 2 D y were studied as a function of bombarding 
energy with 144 1 E s i 184 MeV. In the other, continuum r spectra were 
measured at E s = 150 and 162 MeV with a 25 cm diam. « 30 cm Nal crystal with a 
7.5 cm dlam. central collimator. The r rays in both experiments were observed 
In coincidence with a sum-spectrometer consisting of two 33 cm * 15 cm Nal 
crystals; enhancement of high-H events was obtained by selecting higher sum 
energies. 

For bombarding energies * 160 MeV, corresponding to fc^x -u 57 *fi, states 
with spins of up to 29 ft receive close to 100Z of the C3 ""S^n}' 5 2Dy cross 
section, indicating little or no side-feeding below this spin. The population 
of states with higher spin does not increase even at higher bombarding 
energies (corresponding to higher angular momentum input). In contrast, a 
monotonic decrease in yrast population with spin is usually observed in 
studies on prolate deformed nuclei. 

The Nal spectra exhibit an enhanced yield between 1.2 and 1.6 MeV, well 
separated from any known discrete lines. Anisotropy measurements of this 
energy region suggest that it consists of many unresolved stretched quadrupole 
transitions. 

These results imply that the deexcitation of high-l events (t £ 35 <0 is 
not feeding the yrast line directly via statistical transitions, but is 
diverted by continuum cascades of E2 character, and only reaches the yrast 
line at I "v. 29-37 4i. The fact that the high energy edge of the "bump" 
remains fairly constant over a large range of incoming £-values implies a 
moment of inertia which seems to increase with spin. 
* Supported by the U. S. Department of Energy. 
**Supported by the Danish National Science Research Council. 
1. B. Haas, H. R. Andrews, 0. Hausser, D. Horn, J. F. Sharpey-Schafer, 

P. Taras, W. Trautman, D. WarJ, T. L. Khoo and R. K. Smither, Phys. Lett. 
84B, 178 (1979). 
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GAUGE INVARIANT PERIODIC QUANTIZATION METHOD 

K.-K. Kan, J. J. Griffin and M. Dworzecka 

Department of Physics and Astronomy 
University of Maryland, College Park, Maryland 20742 U.S.A. 

Recently, the gauge invariant periodic quantization (GIPQ) method has 
been formulated^) for the special case of the time-dependent Hartree-Fock 
(TDHF) approximation. We here generalize this method to all time-dependent 
descriptions which follow from the variational principle, 

(5/<:1'|(H-ifi3t)|f>dt = 0 (1) 
where the trial many-body wave function if is varied both in direction and in 
magnitude inside a fixed but arbitrary manifold in the Hilhert space. This 
variational principle leads to (a) norm and energy conservations, (b) definite 
time evolution for the phase^) of f, so that 

f = » Gexp (-i<H>t/B), » G = * exp li/t<t|i3t> | *>dt'} , (2) 
and (c) an equation of motion for the uni-modulous $. 

The wave function ¥ in (2) Is structurally analogous to the exact time-
dependent Schro'dinger eigensolution, consisting of an energy phase factor and 
a gauge invariant part $g, analogous to the exact eigenfunction, which is in
variant under arbitrary (time-dependent) changes of the zero point of the 
energy. 

The GIPQ method identifies those V for which 4>G is periodic as the proper 
analogs of the bound eigenstates of the many-body system. This leads to the 
following quantization condition for any periodic 4 in (2) , 

T 
L <»|i3j|»>dt' = 2nu, with integer n and period T. (3) 

In the particular case of TDHF where the variational manifold is the de-
terminantal manifold, the quantization condition (3) reduces to that of ref. J-) 
and to that of Reinhardt3) and Levit, et al.4) 

Some applications and tests of this GIPQ method can be found in refs. ' ) 
for TDHF approximation, and in ref. °) for non-determinantal wave functions. 
Ue report here two new results which support the validity of the method at a 
deeper level. First, for the system of one particle in an harmonic oscillator 
potential, the GIPQ method with the oscillating minimum wave packets not only 
predicts the exact energy spectrum, but also maximizes the packets' overlap 
with the exact eigenstate. This exemplifies the method's capability of pre
dicting good wave functions as well as energy eigenvalues. 

Secondly, for collective rotations confined in a plane, the GIPQ method 
utilizing a many-body wave function assumed to be constant in a body-fixed 
frame, but otherwise arbitrary, yields quantization of the angular momentum 
<L> = US (integer I) and quantization of the rotation energy t r o t 

in agreement with the exact quantum results for rotation in a plane. The GIPQ 
method therefore implies the nonperturbative cranking theory, except that the 
angular momentum is here already quantized and requires no additional assump
tion. 

Work supported in part by U. S. Department of Energy. 
1. K.-K. Kan, J. J. Griffin, P. C. Lichtner and M. Dworzecka, Nucl. Phys. A332 

(1979) 109. 
2. P. C. Lichtner, et al., Phys. Rev. C20 (1979) 845; Phys. Lett. 88B (1979) 

221. 
3. H. Reinhardt, Nucl. Phys. A331 (1979) 353. 
4. S. Levit, J. W. Negele and Z. Paltiel, MIT report CTP #781, 1979. 
5. M. Dworzecka, K.-K. Kan and J. J. Griffin, Int. Workshop VIII on gross 

properties of nuclei and nuclear excitation, Hirschegg, Austria, 1980. 
6. K.-K. Kan, Univ. of Maryland technical report #80-072 (0R0 5126-99). 
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DEFORMED NUCLEI AS A BOSOM COMPENSATE 

J.Dukelsky, G.G.Dussel and H.H.Sofia 

Av, 

Departamento de Fis ica 
Comision Macional de Energia Atomica 

Libertador 8250 1429-Buenos Aires Argentina 

Tc order to obtain a qualitative understanding of the structure of the 
ground state of deformed nuclei we consider a schematic hamiltonian (monopole 
and quadrupole pairing plus quadrupole part ic le-hole hamiltonian) in a 
s ingle shel l with j=15/2. This hamiltonian vas treated within the Nuclear 
Field Theory framework using the Principal Serie Approximation . In th i s 
approximation the ground s ta te of the system i s considered as a boson conden
sa te . The microscopic structure of this boson i s obtained in terms of the 
fermionic excitations which are themselves dependent on the boson structure. 
These sets of nonlineal equations turn out to be equivalent to the se l fcon-
s i s t en t Nilsson-BCS equations for this force. 

In the figure we show the selfconsistent expectation value of r r_ 0 (Q) 
obtained for different number of pairs (K) in the she l l , in fu l l l i n e , while 
the dotted l ine correspond to Q for the normal system. There ex i s t a lso a so 
lut ion for Q=0. I t i s seen that the influence of the quadrupole pairing force 
i s important in the description of the 
system, comparing with results of ref. 
3 ) . The relative strength of this force 
as compared to the usual pairing force, 
i s . t h e one used in ref. 1) for the 

Fb region. The ground state of the 
system i s formed by a condensate of 
bosons, each of which does not have a 
we l l defined angular momentum. However, 
i t i s possible to proyect out from them 
bosons with good angular momentum, with 
amplitudes: 

A. = I V \fp <jjmm |J0> C-)3" 
J ra>0 m 

K X 0 2 4 6 
iW .9221 .0737 ' .0040 .0002 
2(+) .8687 .1141 .0166 .0006 
3(+) .8346 .1337 .0301 .0015 
4(+) .8165 .1391 .0403 .0036 
K-) .6636 .2695 .0602 .0005 
2(-) .5785 .3252 .0854 .0085 
3(-) .6510 .3012 .0432 .0011 
4 ( - ) .8618 .1217 .0149 .0001 

The corresponding probabi l i t ies 
for different K are shown in the Table. 
The sign in brackets refers to the co
rresponding sign of Q for the selfcon-
s i s t e n t solutions. For Q=0 the only 
nonvanishing amplitud i s for J=0. 

The Table shows that the only 
relevant bosons, to a high degree of 
approximation are the s and d bosons, 
which can be considered as a j u s t i f i 
cation for the use of the I.B.M. as a 
good approximation in the deformed 
region. 

Fellow of the C0NICET, Argentina 
1. D.R.Bes and R.A.Broglia Fhys. Rev. C 2 (1971)2349. 
2 . G.G.Dussel and D.R.Bes Nuc. Fhys. A233 (1979) S42. 
3 . M.Baranger and K.Kumar Muc. Fhys. 62 (1965) 113 
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PARTICLE-PHONON COUPLING MODEL APPLIED TO 8 9Y AND 9 0 Y 

S. H. Abecasis, and H. 0. Hosea 

Departamento de Ffsica, 
Fac. de Cs. Exactas y Naturales, UBA, 1̂ *28 Buenos Aires, 

and Radioquimica 
Comis ion Nacionai de Energfa Atomica, 1429 Buenos Aires, 

ARGENTINA 

Within the framework of the particle-phonon coupling model the 8 9 Y and 
9 0 Y nuclei are considered to be a 8 8Sr core coupled to a proton, and to a 
proton and a neutron, respectively. The interaction Hamiltonian for 8 9 Y is 
extended to include quasipart ides in the orbitals 1fs/2, 2p3/ 2 > 2pj/ 2, 1g9/2 
and 2ds/2. On the other hand, for 9 0 Y the proton space is restricted to the 
2pi/2 and lgg/2 orbitals. The neutron orbitals are 2ds/2, 3si/2, 197/2 and 
2d3/2- We considered core states up to two quadrupole phonons. The values of 
the diagonal matrix elements of the proton-neutron interaction Hamiltonian 
are considered adjustable parameters. The strengths of the dipole-dipole and 
quadrupole-quadrupole interactions were determined from the requirement that 
the calculated eigenvalues were the best fitted to the experimental states of 
both nuclei. In Fig. 1 the calculated energy sequences of both parities are 
compared with the experimental data of 8 9 Y . The calculated negative-parity 
states for 9 0 Y are compared with experiment in Fig. 2. It is to be noted that 
the high-spin states of 8 9 Y recently found') were omitted since they cannot 
be calculated at this stage of the model. There_fore we are now developing an 
extension of this model to include: (i) quadrupole and octupole core vibra
tions; (ii) anharmonicities of the core; and (iii) 2p-1h modes of excitation. 
The pertinent formalism is in progress. 
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+ Thts work was a part of the "tesls de 1 leenciatura" of one of the authors 
(H.O.H.). 

1)H,Davidson, J.Davidson, H.Behar, G.Garcia Bermddez, H.A.J.Hartscottt; Nucl. 
Phys, A306 0978) 113. 
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THE ROTATION VIBRATION STRUCTURE OF ACTINIDE NUCLEI 

H.H. Hsu 
Group Q-2, MS-562 

Los Alamos Scientific Laboratory 
Los Alamos, NM 87545 

S.A. Williams, F.K. Wohn 
Ames Laboratory 

Iowa State University 
Ames, Iowa 50010 

The extended rotation vibration model Hamil-
tonian consists of an asymmetric rotor coupled to 
deformation (B) vibrations together with an addi
tional degree of freedom, regarded as quasi-boson, 
which is assumed but not treated explicitly. We 
have previously employed this model with success 
to explain the structure of the even-A Pd iso
topes', and that of 1 9 6 P t 2 . The assumed addi
tional degree of freedom results in a spectrum 
which consists of several rotation vibration 
sequences which are very similar to the sequence 
containing the ground state. Such excited 
sequences were identified in the earlier appli
cations. We undertook the study of several 
actinide nuclei to look for such sequences. We 
have been able to clearly identify a second 
sequence in all four U isotopes. The figure 
shows the most well-developed case, that of 2 3 I*U. 
The left-most line is the experimental level and 
the right is the theoretical prediction; the 
angular momenta are indicated. Starred levels 
were used in fitting to determine the five model 
parameters. The second sequence is rather well 
developed showing 5 levels of the Y band and the 
@ band head. Both sequences were assumed to have 
the same stiffness, but it appears that the 2nd 
sequence should be slightly stiffer since the 
B band head is predicted slightly too low. 

This model does remarkably well in predict
ing the locations of the high spin members of 
the yrast band. The predicted energies depend 
entirely on 3 of the 5 model parameters. The 
most well known experimentally is that for Z 3 B U . 
The table shows the remarkable agreement between 
theory and experiment. The left column is the 
spin, next is the experimental energy in KeV, 
and last the theoretical energy in KeV. 

H.H. Hsu, S.A. Williams, F.K. Wohn, and 
F.J. Margetan, Phys. Rev. C16 (1977) 1626 

H.H. Hsu, F.K. Wohn, and S.A. 
Phys. Rev. C19 (1979) 1550 
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0 0.0 0.0 
2 44.9 44.9 
4 148.4 148.4 
6 307.2 307.5 
8 517.8 517.4 
10 775.7 776.4 
12 1076.5 1076.8 
14 1415.3 1415.7 
16 1788.2 1786.0 
18 2190.7 2186.9 
20 2618.7 2613.9 
22 3067.2 3064.3 
24 3534.5 3535.8 
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INTERACTING BOSON-FERMION MODEL OF COLLECTIVE STATES IN ODD-GOLD NUCLEI 

J . L. Wood 
School of P n y s i c s , Georgia I n s t i t u t e of Technology 

A t l a n t a , Georgia 30332 

R. A. Braga 
School of Chemistry, Georgia I n s t i t u t e of Technology 

A t l a n t a , Georgia 30332 

M. A. Grimm 
Department of P h y s i c s , U n i v e r s i t y of Georgia 

Athens, Georgia 30602 

and 

E. F. Zganjar 
Department of Physics, Louisiana State University 

Baton Rouge, Louisiana 70803 

Recently, an interacting boson-fermion model of collective states in odd-A 
nuclei has been propo This model contains as limiting cases both 
the particle-vibration (weak-coupling) and Nilsson (strong-coupling) models. 
It also contains a new coupling scheme') which appears to be valid for 
describing the spectra of odd-A nuclei towards the end of major shells* These 
three limiting cases correspond to the SU(5), SU(3), and 0(6) boson sym
metries, respectively. We have explored the ability of this model to de
scribe the hg/2 bands in the odd-mass gold Isotopes, where the boson 
structure is intermediate between 0(6) and SU(3). 

The calculations for this Intermediate situation were performed using the 
code ODDA^), which diagonalIzes the model Hamiltonian given in ref.l. 
The boson part was fixed by requiring Its eigenvalues to describe the adja
cent even-even platinum nucleus. The boson-fermion interaction is particu
larly simple for an odd-proton in the hoy 2 (Intruder) orbital since in 
this case the exchange ternr-' is zero; and, the j « 9/2 states are not 
mixed with states of other 1. The trend in the level sequence of the hg/2 
bands through the isotopes ™ 5 - 1 9 3 A U J S described well (compared to -40 
experimental levels) with a single parameter rl) (the boson-fermion 
coupling strength), which is equal to 300 keV for the entire region. This 
is the first successful description of the very neutron-deficient odd-mass 
nuclei In this extremely complicate region of nuclear structure. 

This work Is supported in part by the U.S. Department of Energy* 
1. F. Iachello and 0. Scholten, Phys. Rev. Lett. 43_, (1979) 679. 
2. F. Iachello and 0. Scholten, preprint (1979). 
3. 0. Schoiton, unpublished (1979). 
4. E. F. Zganjar, J. D. Cole, H. A. Grimm, and J. L. Hood, contribution to 

this conference. 
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RENORMALIZATION GROUP APPBOACH TO THE ATTENUATION OF COHIOLIS COUPLIHG 

K, Tanabe and K. Sugawara-Tanabe 
Physik-Department, Technische Universitat Munchen 

V-80k6 Garching b. Munchen, W.-Germany 

The attenuation of the Coriolis coupling term in the rotational level 
is interpreted in terms of the scaling behavior of the coupling constant as 
the general consequence of the renormalizable field theory with cutoff. 
The functional dependence of the coupling constant on the excitation energy 
and the cutoff energy is derived by applying the renormalization group 
method. On this systematics not only the attenuation factor but also the 
transition from the rotational to vibrational-like behavior are comprehen
sively understandable.2' The linear dependence of the cutoff energy Aon e is 
assumed as A = -fiufe )(0.156E + 0.1(2) MeV for Er isotopes. The attenuation 
factor, a = 2-g i n v/g> is calculated from the renormalized Coriolis coupling 
ginv_ '-nig contour map of g i n v (or a) calculated for the odd-mass Er iso
topes with the bare values g = 1//"= 0.018 MeV and g z = l / / z = 0.3>»3 MeV 
is shown in the figure. The abscissa stands for the valueCT = g[I(I+l)-
I 0(I 0+l)] - (u e x p, where Mexp 
is the level energy measured 
from the band head at I = IQ; 
and the ordinate the cutoff 
energy A. The experimental 
levels of the corresponding 
isotopes are also indicated. 
The line of a = 0 stands for 
the measure of the strong 
coupling, a = 1 the decoupled 
band, and a = 0.76 the averaged" 
attenuation factor over 
E r 1 6 1 ' l 6 2 - l 6 3 . 3 ) It is 
predicted that the Coriolis 
coupling is less attenuated 
with increasing excitation IS3 16S Mass Number 

167 In case of 'Er the strong coupling is predicted at 

energy^', and the decoupled 
bands are expected at the high 
spin states in 1" Er. 
low value of u. 

t The work supported by the Bundesministerium fur Forschung und Technologie 
(BMFT). 

ft On leave from Department of Physics, Saitama University, Urawa, Saitama, 
Japan 338. 

l) K. Tanabe and K. Sugawara-Tanabe, Technische Universitat Munchen preprint. 
- 1 K. Sugawara-Tanabe and K. Tanabe,Phys. Rev. C1£(1979), 5**5-

S. A. Hjorth et al, Nucl. Phys. A1UM1970), 513. 
S. Hultberg et al, Nucl. Phys. A205(1973), 321. 

2) 
3) 
1*) 
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TWOPARTICLE-PHONON EXCHANGE COUPLING IN YRAST STATES OF DYSPROSIUM NUCLEI 

P.J.Daly*t, P.Kleinheinz*, R.Broda*, S.Lunardi*, H.Backe**; J.Blomqvisttt 

IKP-KFA Jiilich*, Purdue Univ.t, TH Darmstadt**, AFI Stockholmtt 
148 149 In-beam "y-ray and e studies of the N=82 and N=83 nuclei Dy and Dy 

have shown that their 1 0 + and 27/2" isomers; both involving two fully aligned 
h.. ,, protons, are mainly fed by El transit.-.uns of VLMeV. The relevant por
tion of the l^Dy i e v e i scheme is shown in die figure. At I-10, the Dy 
valence spin is exhausted, and the yrast linu is expected to continue by ex-

hii/? 1 0 + 

multiplet member at 3980 keV lies lowest because of Ehe Paul! interference 
between the dominant TTh.../„d7 
two aligned h.. ,, protons. 

citation of an octupole multiplet built on tha irhf, / n 10 T state. The AI=1 
lies lowest be 
"^ component of i.ie •'•̂ "Gd core octupole and the 
,1 

11/2 5/2 11/2. v-u^ans. 
Recently weTiave analysed the related but simpler situation in the one 

••Dy 

wr 

- IZ" 

valence proton nucleus ^^ib .The figure shows the appropriate particle-phonon 
exchange diagrams and, for each nucleus, the equation giving the energy 
shifts SE(I) for individual multiplet members as a product of geometrical and 
energy factors. The crucial point is 
that the energy factor <|H|> /AE con
taining the interaction matrix element 
is identical in the two cases. Using 
for that energy factor the empirical 
value 856 keV, derived from the 17/2+ 
to 15/2 energy separation in 1^'Tb, 
we have calculated the energy shifts 
for the highest spin members of the 
1 4 8 D y 'fh^.,. x 3~ multiplet. The good 
agreement with the experimental II -, 
12" energies provides strong support 
for the interpretation of these states 
as octupole multiplet members. This 
type of exchange coupling involving 
two particles seems not to have been 
observed previously; it is encouraging 
that the empirical coupling strength 
derived from the one-particle case 
describes the more complex situation 
so well. ... 

A 29/2+ yrast level in Dy at 
3645 keV, which de-excites to the 
27/2" isomer, is interpreted in an 
analogous way, and similar AI=1 octu
pole excitations are also identified 
in the yrast lines of heavier Dy nuclei, 
states in which all available Trh.. ,„, vf_,„ m m 
hausted and fully aligned. The fact that octupole'core excitation competes 
successfully with lifting of a neutron into the i., ,„ single particle state 
indicates that the Vi ,,, single particle energy is rather high, and has im
plications for the yrast spectroscopy of many nuclei in this interesting 
region. 

I 

3" 
X 

BE-7WI3 7T 3.-!'! 1; 

» 3" 

•'i«i«V"-:H3."n-!!Sr 

mmAlm,y>' 
E»™.l-E(dl,.l-E,. 

In a l l cases they are b u i l t on yras t 
and vh. 9/2. valence spins are ex-

tSupported by the U.S. Department of Energy 
1. R. Broda, M. Behar, P. Kleinheinz, P.J. 

Z. Physlk A293 (1979) 135. 
Daly and J. Bloraqvlst 
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MICROSCOPIC TREATMENT OF THE INTERACTING BOSON MODEL IN THE FRAMEWORK OF THE 
NUCLEAR FIELD THEORY + 

Enrico Maglione and Andrea Vitturi 
* INFN, Laboratori Nazionali di Legnaro, Italy 
*» University of Padova and INFN, Padova, Italy 

The nuclear field theory is extended to complex nuclei showing strongly 
anharmonic spectra, aiming at a better understanding of the dynamical inter
play of pairing and quadrupole degrees of freedom and of the mechanism of 
formation of different bands. The building blocks used to describe the spectra 
of even-even nuclei are the monopole and quadrupole pairing modes, obtained 
in a single j shell and determined by their energies and particle vibration 
coupling strengths and interacting via a quadrupole particle-hole interaction. 
All the lowest order graphs in the expansion parameter 1/J2 (where a is the 
total degeneracy of the valence shell) leadinp to the interaction between the 
bosons have been considered. In case that the d-bosons do not interact in 
lowest order with the s-bosons, the next order graphical contributions have 
been included. The fermion degrees of freedom are taken into account as inter 
mediate states, and Pauli principle corrections and overcompleteness of the 
basis are systematically treated. It is shown that this approach is equiva
lent to diagonalizing the pairing plus quadrupole hamiltonian in the fermion 
collective subspace built up from L=0 and L=2 nucleon pairs. 

The model is able to exhibit the main characteristic features of transi
tional nuclei, as the structure of the ground- and y~bands and associated ex
citation pattern, while the poor results for the excited 0 + indicates that 
the many-j shell structure is important for the formation of the B-band. As 
.-n example in the figure the calculated spectrum and selected electromagnetic 
transition probabilities for 8Kr are compared with the experimental data. 

-6. 

. B(E2) 78 
B(E2;2g— Ofc) kr 

— th I Y~Y 
jexpf w=-a 

As the model treats bosons and fermions on par, the extension to odd nu
clei is natural. The problems connected with the use of a large single j va
lue (unpracticable in the case of the odd particle) is overcome by using a 
schematic model with many degenerate j shells. 

t Part of a common project carried out in collaboration with R.A.Broglia, K. 
Matsuyanagi and H.M. Sofia. 
For a survey of the Interacting Boson Model, see "Interacting Bosons in Nu
clear Physics", ed. F. Iachello, Plenum Press, 1979. 
For the Nuclear Field Theory cf. P.F.Bortignon, R.A.Broglia, D.R.Bes and R. 
Liotta, Phys. Rev. 30C (1977) 305, and references therein. 

362 



THE SYSTEMATICS OF THE AJ=1 BANDS IN THE Sn-REGION, EVIDENCE AGAINST 
THE PABTICIE + DEFORMED ROTOR MODEL* 

Moshe Gal* 

Department of Physics, S. U. N. Y., Stony Brook, N. Y. 11794 

The pioneer work on high spin yrast states in odd-A nuclei carried out at 
Berkeley revealed a simple connection between the band structure of the odd-57La 
isotopes and their 56Ba even-even cores. For these slightly deformed nuclei, a 
particle + rotor model was suggested by them. l) However, it can be shown that the 
systematic study of odd-A nuclei with 49<Z<57 carried out at Stony Brook 2) is incon
sistent with this model. In this short note we deal with one more ) simple illustration 
of the inapplicability of this model to slightly deformed nuclei. In the particle + 
rotor model one is forced to assume that the AJ=1 bands built on the Sg/z hole state 
in this region involve a different core than the AJ = 2 band. A deformed core with 
multiple particle two hole structure has also been suggested. 2) 

For the discussed AJ = 1 bands, ~ _ 17/z* 

15/2* 
\ 

i3/r 

it i s easy to see 4» 5)that, in first order, 
the coupling of a core angular momen
tum - J c to that of the single particle • 
-jjr yields a multiplet of states in which 
the in + J c - 1 state appears below the 
J c core state and the j^+ J c state ap
pears above the J c core state. This is » 
clearly manifested in the figure. For 
the nuclei discussed, this first order 
statement arises from trivial angular 
momentum algebra. 4) 

The ground state of U l i n arises 
mainly from a g 9 / 2 proton hole coupled 
to the ground state of a 1 1 2 S n core. 
These AJ=1 bands follow the energy of the Z + 1 core smoothly. 

0.0 
HIT., 

4 9 , n 6 2 

19/2+ y~[% 

17/2*' 

15/2* 

11/2* 

J.o*: 9/2* 

/ 

17/2* 

6 /2 * 

MIT 

11/2'' 

E* Sb 114-
52 Te 

" \ 

II5 T 5 3 1 

11 
J - 0 * -

The observation of 
a AJ = 1 band in In isotopes built on the gg/2 hole ground state is inconsistent with the 
assumption of a deformed band. Furthermore, the smooth systematic behavior of 
these 4 9 < Z < 5 3 isotones with respect to their Z + 1 cores is inconsistent with the 
assumption of a special deformed core for Sb and I isotopes. 

* Supported in part by the Department of Energy and the National Science Foundation 
t Present address: Wright Nuclear Structure Lab., Yale U. , New Haven, Ct. 06511 
1) F.S. Stephens, R.M. Diamond and S. G. Nilsson, Phys. Lett. 44B (1973) 429 
2) D. B. Fossan et a l . , Proc. Symposium on High Spin Phenomena in Nuclei, ANL, 

ed. T.L. Khoo (1979) 377 
3) M. Gai, Proc. Int. Conf. on Band Structure and Nuclear Dynamics, New Orleans, 

ed. A. L. Goodman (1980) 161, 164 
4) M. Gai, A. Arima and D. Strottman, Proc. Int. Conf. on Band Structure and 

Nuclear Dynamics, New Orleans, ed. A. L. Goodman (1980) 158 
5) F. Iachello and O. Scholten; Phys. Rev. Lett. 43 (1979) 679 
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IS THE NILSSON MODEL APPLICABLE FOR SLIGHTLY DEFORMED NUCLEI?* 

Moshe Gait 

Department of Physics , SUNY, Stony Brook, New York 11794 

The hix/2 intruder state in the Z a 50 region, is characterized by a large RMS 
radius, non normal parity and in some cases a large single particle energy. Hence, 
a systematic study of the variation of the energy of this state i s important to the 
understanding of the structure of this state and the high spin bands built on the top of 
this state. The systematic behavior of the energy differences of this state relative to 
a reference state (usually the ground state) is shown in the figure. Derivatives of the 
experimental AE curves for the proton states yield an empirical linear behavior: 
AE = a Q + an + bz + cnz. This behavior is well understood in t e r m s of the generalized 
seniority scheme. 1 ) For the neutron holes states, all the isotopes and isotones show 
a strikingly different dependence of the energy on the deformation. Indeed, no single 
dependence of single particle energies on the deformation parameter can be assumed 
for these four related trends 
of single particle energies, 
in contradiction to the assump
tion of the first order particle-
deformation approximation. 2) 
The deformation parameter 
i s estimated2)to be 0 < 0.2 j 
for these nuclei. In the pio- s 
neer study of the structure of "V, 
high spin states in odd-La u,s 

nuclei carr ied out at Berkeley 
it was suggested that the pa r 
t icle + symmetric rotor model 
can be applied to slightly de
formed nuc le i . 3 ) In this model 
the part icle i s assumed to 
occupy a Nilsson orbit with 
unique fl va lue . 3 ) The system- ; 

atics of the 11/2" state in the i. 
region considered here con- " ' 
tradict this assumption. A <J 
resolution of this apparent 
contradiction is required in 
order to understand the struc
ture of slightly deformed 
nuclei and the phenomena of high spin band which are built on top of these single 
particle states with high j value. 

* Supported by the U. S. Department of Energy and the National Science Foundation 
t Present address: Wright Nuclear Structure Lab., Yale Univ., New Haven, Ct. 
1) M. Gai, A. Arima and D. Strottman, Proc. Int. Conf., New Orleans (1980) 158 
2) S. G. Nilsson, Dan. Matt. Fys . Medd. 29 (1955) 1 
3) F . S. Stephens, R. M. Diamond and S. G. Nilsson, Phys. Lett. 44B (1973) 429 
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MICROSCOPIC LOOK AT BACKBENDING IN THE Ge REGION 

C. S. Han and J. P. Draayer 
Louisiana State University, Baton Rouge, Louisiana 70803 

K. T. Hecht 
University of Michigan, Ann Arbor, MI 48103 

fifi S6 
Shell-model calculations of high-spin phenomena In Ge, assuming Ni 

as an inert core with f ._ p,.„ p ._ negative parity (normal, N) and g Q / 2 

(abnormal, A) valence orbftals, are reported. Further truncation of the 
basis is achieved by assigning the H orbitals pseudo angular momentum and 
spin labels via the mapping (f $, 2 p 3 . Pirt)"*"^^ "*3/2 Sl/2^ = ^ ^ W i t h 

l+s = j = SL+s and restricting the basis to leading representations of pseudo 
S U O ) . 1 ' The magping carries physical significance for H and is strongly 
correlated with Q-Q, an invariant of pseudo SU(3). Z' A five-dimensional 
quasispin classification scheme is used in the A space with the basis 
restricted to states of seniority zero and two. 3' 

The effective interaction is o£ the form 
H = A U 2

1 + e g / 2 n A + GjF + GAH*- + G^ + G p H ? 

where the first two are one-body terms and the last four two-body inter
actions. For the latter a surface delta interaction is used. While H and 
H^ are interactions in the N and A spaces, respectively, H" and H p are 
multlpole and pair scattering terms coupling the two. 

Results with the number of nucleons in the N and A spaces fixed (Gp+0) 
are available. In this limit the observed backbending between spins 6 and 
8 + of the yrast band in °"Ge can be reproduced but only one of the two forks 
to other ff*" states is found.*' A plot of the probability of finding the gq/ 2 

nucleons coupled to nonzero spin as a function of total spin shows that 
the dynamics responsible for the phase transition is pair realignment. A 
calculation which allows for pair scattering (neutrons or protons) between the 
N and A spaces is under investigation. 

1) R. D. Ratna Raju, J. P. Draayer and K. T. Hecht, Nucl. Phys. A202 (1973) 
433. 

2) T. R. Halemane, K. Kar and J. P. Draayer, Nucl. Phys. A311 (1978) 301. 
3) K. T. Hecht, Nucl. Phys. A145 (1970) 468. 
4) A. P. de Lima, et al., Phys. Lett. 83B (1979) 43. 
* Supported in part ty grants from the U.S. NSF. 
+ On leave from the National Chiao-Tung University, Hsin Chu, Taiwan, 

Republic of China. 
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YRAST STKEES IN 2 1 1 R n : INFLUENCE CF THE 

NEUTRON HOLE CK THE 4-PROTON STATES 

A.R. Poletti 

Department of Physics, University of Auckland, Auckland, New Zealand 

and 

T 211 Rn 

13201E3I 
1 . 59; 2ns 

58UM1I 

«W-

G.D. Dracoulis, C. Fahlander and H.P. Fewell* 

Department of Nuclear Physics, Research School of Physical Sciences, 

Australian National University, PO Box 4, Canberra, ACT 2600, Australia 

We have established the properties of the yrast levels of 2 1 1 R n vp to 
J* = 47/2+ and to an excitation energy of 
over 6 MeV. The AND 14UD pelletron 
accelerator provided beans of " B ions 
(E * 70 MeV) and 1 8 0 ions (E - 95 Mev) 
which were used to initiate the 2 0 s T i 
("B, 5n) 2 URn and 1 9 8Pt( 1 B0,5n) 2 1 1Rn 
reactions respectively. Standard Y-ray 
spectroscopic techniques which were used 
included y-y, u—neutron, y-x-ray and 
n-x-ray coincidence and delayed coin
cidence measurements, excitation function 
- , angular distribution - and conversion 
coefficient measurements. The level dia
gram summarises the results of the 
investigations. Relative v-ray inten
sities as observed in the " B bombardment 
are indicated by the widths of the arrows. 
Multipolarities and spin changes are 
indicated in brackets after the y-ray 
energy. (The symbol, D, indicates a 
dipole transition with the parity change 
undetermined). Level spins are consistent 
with all the different measurements per
formed. Three isomers have been detected 
and their mean lives determined while 
suggested configurations, consistent with 
the known systematics and with the 
assigned J values are given on the right 
of the diagram. The configurations 
giving rise to the y ighest states are at present uncertain. Shell model 
calculations are being undertaken. When plotted against 1(1 + 1), the yrast 
state energies scatter about a straight line whose slope corresponds to an 
effective moment of inertia 2lytfiz of 105 MeV- 1. This is larger than that 
observed in the 4-proton nucleus 2 1 2Rn 1) at low spin, and there is no indica
tion (at least up to the highest spin observed here) of a transiti<—i to a 
moment of inertia close to the rigid body value, as was seen in 2 «. 

1) D. Horn et al, Nucl. Phys. A317 (1979) 520 
* present address: Wright Nuclear Structure Laboratory, Yale University, 

New Haven, Connecticut, USA 
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GAMMA SPECTROSCOPY OF HIGH SPIN STATES IN " ' K , " 2 C a , 5 5 F e AND 5 6 F e 

P. Kofahl , H. Fromm, H.V. Klapdor, T. Oda 

Max-P lanck- Ins t i tu t fur Kernphysik 
P o s t f a c h 103 980 
D-6900 He ide lberg 

Germany 

Extending our recent gamma-spectroscopic 
» CI ) we have investigated high spin sta 

work on high spin states in 
tes in "°K, " 2Ca, 5 5Fe, 5 6Fe by 

the reactions Al( aF,xyzy) and " T i C 3C,xyzy) at the Heidelberg MP tandem. 
Using an Anticompton spectrometer device y"V coincidences and angular distribu
tions were measured at E l a b = 72 MeV and 49-55 MeV, respectively. An excita
tion function was measured for 2 7Al( 1 3F,xyzY) between E l a b = 50 and 110 MeV. 
The bombarding energies at which the coincidence measurements have been per
formed were expected, on the basis of CASCADE calculations, to give the highest 
selectivity for the excitation of high spin states (see e.g. 2 ) ) . Figure 1 
shows the level scheme obtained for " 2Ca. In ""K J = (8)~ is assigned to the 

u 
I 1 1 I 1 k 

13 - ' -
n - "c» 

11 -
10 • -

a 

8 - S-" 
7 

6 v»^C^^*'1"0* 
firji 

S - WM.* * / j(-3*Unt 

4 

3 
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Figure (left): Level scheme 
The dashed lines of "Ca. 

show predictions of weak coup 
ling calculations. 

le.7.«.o.«.«r 

k38. .*<£, • **s« i w r i ( T I . 8 i o n . i J 

iXf '««« • "* "S/I"' 15.-.1.«.9.WV 

«« • ***' (»*l i«r 
• £ • **sc iwfl-) to.wr Figure 2 (1.) 
i£, • *He ITWJ-J tT.i.e.ior Level scheme 
tut • *1se ( t a /n (•.B.w.nr of "*2Ca ex
«V, • *\m 116/31 is.T.i.e)-

iu.7.#.ar pected from 
weak-coupling 
calculations. 

a* 

6.23 MeV state and J = (9) to a new state at 7.48 MeV. In 5 5 > 5 6 F e two new 
states at E* = 7.60 MeV (decaying to the 6.52 MeV (J = 21/2) state) and E* -
7.08 MeV (decaying to the 6.11 MeV state), respectively, have been identified 
up to now. The fact that experimentally higher lying states in ""K and " 2Ca 
are not seen might be understood as follows. Figure 2 shows predictions of 
simple weak coupling calculations for " 2Ca. Multiplets from one-nucleon exci
tation generating spins less than 9 are dropped. The lowest 3^=12~ state in 
this configuration is expected at S*«= 14.4 MeV. Three-nucleon excitations 
lie ̂ 3 MeV higher than the corresponding one-nucleon excitations. The lowest 
lying Jif=12+ state which is produced by the (itd3 (2~2)o + © ""Ti(12+) configura
tion is expected at E* » 10.4 MeV. However, the matrix element for an El 
transition to the 11" state vanishes. The J'Ir=9+ yrast state in ""K, at E l a b « 
100, is fed by more than 90% from unobserved high spin states. 

1. P. Baumann et al., Phys. Rev. £1!$ (1978) 247 and 2110 
2. H.V. Klapdor, invited talk at Int. Conf. Nucl. Interactions, Canberra, 

Australia, 1978; Lecture Notes in Physics 92 (1979) 125 
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INVESTIGATION OF HIGH SPIN STATES IN 1 0 6 I n AND 1 0 6Cd 

I.N. VJischnewski, H.V. Klapdor, H. Fromm, P. Kofahl, W.A. Zheldonozhski 

Max-Planck-Institut fiir Kernphysik 
Postfach 103 980 
D-6900 Heidelberg 

Germany 

High spin states in odd > 0 1 - l l l 5p <j a n d even 1 0 2- 1 0 6P(i isotopes are well un
derstood1' ) by a one(two)-quasiparticle plus rotor model. This was somewhat 
surprising because the deformation of the cores of the Pd nuclei is very small. 
In this context an investigation of high spin states in I 0 6Cd and 1 0 6 I n is of 
interest to study the influence of approaching the Z=50 proton shell closure 
on the coupling scheme. The reaction 9°Zr(' F.xyzY) was studied by measuring 
-fi coincidences, "y-angular distributions and excitation functions (for E^aj, = 
62-82 MeV) with three Ge(Li) detectors one of which had an Anticompton shield. 
In 1 0 6Cd rotational bands built on the ground state and the (vhii/z)io+» 
(vhi i ,2<is n)e-, (vhi i/2g7/i>9- band heads were observed ). To the state at E 
= 3044 keV we assign I11 = 6 + instead of the 8 + assignment of ref. ). For 
1 0 6 I n there existed only information5) from the B + decay of the ground state 

on low spin states which were not excited in the heavy 

3781.0 

(I = 0 +) of 1 0 6 S n , i. 
ion reaction. From the strongest y transitions the level scheme shown in Fig. 
1 (1.) is constructed. The assignment of these lines to the nucleus ° In was 
made by comparing the measured 
excitation functions with r t 2 6 7 2 

CASCADE calculations (the lat
ter are shown in Fig. 2 (r.)). 
An additional argument for 
strong population of In in 
this reaction comes from the 
observed strong B + feeding of 
1 C 6Cd 3 ) . The level scheme of 

In differs qualitatively 
from that of the neighboring 
even-even Pd and Cd isotopes 
and probably can better be ex
plained by a two-quasiparticle 
phonon model with an Sn core. 
s Institute for Nuclear Research, 
Ukrain. Acad. Sci., Kiew, USSR 
1. H.A. Smith, F.A. Rickey, 

Phys. Rev. £14^ (1976) 1946 
2. J.A. Grau et al., Phys. Rev. C_U (1976) 2297 
3. I.N. Wischnewski et al., MPI Annual Report 1979 
4. L.E. Samuelson et al., Phys. Rev. £1£ (1979) 73 
5. B.J. Varley, G.S. Foote, C. Garrett, W. Gelletly, J. Phys. G4 (1978) 1643 
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SEARCH FOR THE GAMW EECAY BRANCH OF THE SHAPE ISOMER IN MUCNIC 2 3 a l f 

S. Ahmad, G. A. Beer, J . A. Macdonald, G. R. Mason, A. Olin and R.M. Pearce 

University of Victoria, Victoria, B.C., Canada V8W 2Y2 
and TRIUMF, Vancouver, B.C., Canada V6T 2A3 

t i 
0. Hausser 

Atomic Energy of Canada Ltd., Chalk River Nuclear Laboratories, 
Chalk River, Ont., Canada KOJ 1J0 

S. N. Kaplan 

University of California and Lawrence Berkeley Laboratory 
Berkeley, CA 94720, U.S.A. 

The possibility of excitation of the Z 3 8 U shape isomer by the atomic 
cascade of a negative muon has been investigated by a search for the gamma 
decay branch. Delayed gamma rays from won capture in uranium were 
suppressed by requiring the candidate gamma ray to be followed by another 
gamma ray within a time interval typical of the nuclear muon capture 
lifetime. Backgrounds were further reduced through the use of a muon beam 
from which the pions and electrons had been electrostatically separated. 
»tom a sample of 10 1 0 moon stopping we observed 2 x 10 7 candidate gamma ray 
followed by a second gamma, of which 5 x 10 5 occurred in a time interval 5 ns 
to 35 ns after the muon stopping. No evidence, at a yield level of 0.2% per 
muon-stopping, was seen for the 2215 kev and 3131 kev gamma rays reported by 
Froran et al .") 

This work was supported by the Natural Science and Engineering Research 
Council of Canada under grant IEP-11, and by the U.S. Department of Energy 
under contract W-7405-ENG-48. 

1. W.D. Fromm, H.-G. Ortlepp, S. M. Polikanov, U. Schmidt, G. N. Zorin, 
R. Arlt and G. Musiol, Nucl. Phys. A278 (1977) 387. 
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NUCLEAR FISSION INDUCED BY ATOMIC TRANSITIONS OF THE MUON IN 2 3 5 U AND 2 3 B U + 

S. N. Kaplan and A. Mireshghi 

University of California and Lawrence Berkeley Laboratory, Berkeley, CA 94720 
it 

0. Hausser 
Atomic Energy of Canada Ltd., Chalk River Nuclear Laboratories, Chalk River, 

Ont., Canada KOJ 1J0 
S. Ahmad, G. A. Beer, J. A. Macdonald, B. H. Olaniji, A.Olin and R. M. Pearce 

University of Victoria, Victoria, B.C., Canada V.8W 2Y2 
and TRIUMF, Vancouver, B.C. Canada V6T 2A3 

When a negative muon is captured into the atomic orbit of a uranium 
nucleus it undergoes an atomic cascade, ordinarily reaching the muonic K 
shell through radiative transitions. Prompt nuclear excitation also occurs, 
arising from non-radiative atomic transitions by some of the cascading muons. 
Approximately 1% of the atomically captured muons produce prompt fission by 
this process.1) 

Teller and Weiss2) have recently pointed out that it would be 
interesting to know the specific atomic transition, or transitions, 
responsible for such prompt fissions, inasmuch as absolute rates from 
particular transitions (i.e. 2p-ls, 3p-ls, 3d-ls) can give both quantitative 
measurement of electromagnetic coupling to the giant dipole and giant 
quadrupole resonances and, if combined with careful model calculations of the 
muon-perturbed fission barrier, may permit improved determination of the 
barrier height, and therefore also improved estimates of the likelyhood of 
such excitation also populating the second well. 

We have measured the time correlation betvoen muon-induced fission 
(detected in a multiplate fission chamber) and muonic x-rays (detected with 
three large, 5in D x 6in, Nal crystals). Very preliminary analysis on the 
2 3 8 U data appears to show that the prompt fissions are all missing when 
fissions are correlated with K x-rays; but all, or nearty all are present 
when correlated with L x-rays? These preliminary results suggest therefore 
that it is the electriS-dipole interaction between the atomic muon and 2 3 8 U 
that plays the major role in producing prompt fission. 

Full quantitative results together with interpretations for both 2 3 8 U 
and 2 3 5 U will be presented. 
This work was supported by the Natural Science and Engineering Research 
Council of Canada under grant IEP-11, and by the U.S. Department of Energy 
under contract W-7405-ENG-48. 
1. S. Ahmad, T. A. Begr, M. S. Dixit, J. A. Macdonald, G. R. Mason, A. Olin, 

R. M. Pearce, 0. Hausser and S. N. Kaplan, Lawrence Berkeley Laboratory 
Report LBL-10458 (1980). 

2. E. Teller and M.S. Weiss, Lawrence Livermore Laboratory Report, UCRL-83616 
(1979). 
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PARITY VIOLATIOH EFFECTS IN FISSION 

G.V.Danilyan, V.P.Dronyaev, V.V.Novitsky.V.S.Pavlov,B.D.Vodennikov. 
Institute for Theoretical and Experimental Physics,Moscow,USSR. 

ABSTRACT 

P-odd asymmetry of f iss ion fragments has been observed in 
polarized thermal neutron induced f i s s ion of -"U, -"U and ^°Pu. 
The asymmetry coeff icients turned out to be: 

a. ( 2 3 4 U ) = ( 3.8 + 0.2 1--10"4 

A. ( 2 3 6 U ) = ( 1 .1+0.2 M O " 4 

0,( 2 / M ) Pu)= ( - 7 . 4 1 0 . 5 M O - 4 

The positive sign of the asymmetry means that the light 
fragments are predominantly emitted in the direction of neutron-
spin orientation. 

A possible mechanizm of appearing P-odd angular correlation 
in fission is discussed. 
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MODIFIED ROTATING LIQUID-DROP MODEL: FISSION BARRIERS, 
ANGULAR MOMENTUM LIMITS, AND FUSION-FISSION YIELDS* 

M. G. Mustafa, R. S. Newbury, P. A. Baisden, and H. Chandra** 

Nuclear Chemistry Division 
Lawrence Livermore Laboratory 

University of California 
Live more, CA 94550 

We report on the differences in the predictions of our modified 
rotating liquid-drop model (MRLDM) and the rotating liquid-drop model 
(RLDM) of Cohen, Plasll, and Swiatecki1). We compare fission barriers 
and the angular momentum limits, where fission barriers go to zero. The 
implications of these results to the understanding of fusion-fission 
yields in heavy-ion reactions are discussed with calculations for selected 
reactions. Unlike RLDM, our model incorporates the effects of finite 
range of nuclear force and the diffuse nuclear surface, as in the Yukawa-
plus-exponential model of Krappe, Nix, and Sierk 2). 

The motivation for our work comes from the suggestion that RLDM may be 
calculating higher fiBsion barriers for rotating nuclei than are required 
to understand fusion-fission | I 
data 3). In addition, this 
study provides an alternate 
and perhaps an improved macro
scopic model for rotating 
nuclei. 

He have calculated fission 
barriers of rotating nuclei in 
this modified model. The calcu
lation covered the mass range 
from 20 to 260 and the angular 
momentum range from zero to the 
limiting value. 

Some of the results of our 
calculation are compared in the 
figure with the predictions of 
RLDM. The two upper curves 
(left-hand scale) represent the 
limiting angular momentum of 
beta-stable nuclei. The two 
lower curves (right-hand scale) 
compare fission barriers at zero 
angular momentum. The results 
are summarized as follows: Our 

80 120 160 
Mass number 

model predicts a lower value for the limiting angular momentum for A < 110 
and A > 200. The fission barriers are alBO lower in our model, except 
near the limiting angular momentum for 110 < A < 200. We find up to 25 
per cent difference in the predictions of the two models. This uncertainty 
limits our present ability to reproduce fusion-fission yields in heavy-ion 
reactions. We shall show calculated yields for selected reactions. 

•Work performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under contract number W-7A05-ENG-48. 
**University of Giessen, West Germany. 
1. S. Cohen, F. Plasil, and W. J. Swiatecki, Ann. Phys. (N.Y) 82 (1974) 557 
2. H. J. Krappe, J. R. Nix, and A. J. Sierk, Phys. Rev. C20 (1979) 992 
3. M. Beckerman and M. Blann, Phys. Rev. C17_ (1978) 1615 
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DYNAMICAL EFFECTS IN THE NEUTRON INDUCED FISSION OF Th 

H.Abou Yehia, J.Boldeman*, J .Frehaut and J.Trochon 
Service de Physique Neutronique et Nucle'aire 

Centre d'Etudes de Bruyeres-le-Chatel 
B.P. n° 561 

92542 MOtiTROVGE CEDEX, France 

The fission fragment properties - total kinetic energy, mass distribution 
and average number of prompt neutrons emitted per fission (v ) - were inves
tigated for the fission of 2 3 2Th by neutrons near threshold.pIn this energy 
region, the fission cross section exhibits large resonances, interpreted as 
due to vibrational states probably located in a third well of the fission 
barrier ' ) . 

The experiments were performed using the 4 MV Van de Graaff accelerator 
of BRC as a monoenergetic neutron source, with an energy resolution of about 
± 20 keV. The fission fragment kinetic energy and mass distributions were 
determined according to the method of Schmitt. A very high relative accuracy -
about 0.05% - was obtained for the kinetic energy * ) . The average number v_ 
of neutrons emitted per fission was measured in a separate experiment using 
a large gadolinium loaded liquid scintillator 3). 

The data from both experiments are very consistent. They reveal a sharp 
change in behaviour near the neutron energy E n = 2.4 MeV. This energy also 
corresponds to a minimum in the fission cross section above which the well 
resolved resonant structure disappears. 

Below E n = 2.4 MeV, one observes variations of the kinetic energy and 
the number V„ correlated with the structures observed in the fission cross 
section and the fission fragment angular distribution. This feature leads us 
to look for an interpretation in terms of a fission channel effect. 

For this purpose, a channel analysis of the fission cross section and the 
fission fragment angular distribution has been performed with a simultaneous 
calculation of all the neutron cross sections (total, elastic and inelastic 
scattering and capture). The calculation code used is based on the Hauser-
Feshbach formalism. The fission penetrabilities are calculated in the frame
work of a triple humped barrier shape, assuming that the first hump is well 
below the neutron binding energy and thus does not have any influence. From 
these calculations the correlations between the fission channels and the 
measured fission fragment characteristics will be discussed. 

In the final conclusion, we propose an explanation of all these results 
based on the hypothesis of a nearly adiabatic behaviour of the Z 3 3 T h fission 
process. 

* permanent address : AAEC, Lucas Heights (Australia). 

1. P.Moller, and J.R.Nix, Physics and Chemistry of fission (IAEA Vienna), I, 
(1974) 103. 
J.Blons, et al., Phys. Rev. Lett. 35, (1975) 1749. 

2. J.Trochon, et al., Nucl. Phys. A318, (1979) 63. 
3. M.Soleilhac, et al., J. of Nucl. Energy 23, (1969) 257. 
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STUDY OF THE ENERGY DISSIPATION IN THE FISSION INDUCED 
233 BY THE U(d,pf) REACTION 

Y.Patin, F.Cogu, S.Cierjacks , J.Lachkar, J.Sigaud and G.Haouat 
Service de Physique Neutronique et Sucleaire 

Centre d'Etudes de Bruyeres-le-Chatel 
B.P. n° 561 

92542 MONTROUGE CEDEX, France 

Dynamical descriptions of the fission process deal with the coupling of 
internal and collective degrees of freedom of the system on the descent from 
saddle to scission points. The former are associated with the intrinsic exci
tations of the fragments (Ej.nt.l, Ei nt2); the latter with the pre-scission ki
netic energy Egp r e. Three quantities can be determined experimentally : the 
total kinetic energy TKE* and the excitation energies (E^i and Eyfi) °f the 
fragments prior to neutron emission. For a pair of primary fragments with 
masses and deformation parameters at the scission point m^.Bi (i=l,2), we can 
write : 

E x i = AV(Bi) + E i n t i and TKE* = E C R(B],B2) + E ^ g 
where the AV(g£) are the deformation potential energies of the fragments rela
tive to their ground states and ECR(BI,82) the coulomb repulsion energy. 

The energy balance in the fission of 2 3 I |U has been investigated on the 
basis of experimental results from the 2 3 3U(d,pf) reaction ' ) . Taking into ac
count the neutron evaporation we have deduced the total kinetic energy TKE* 
and the excitation energy distributions of the primary fragments as functions 
of the masses and the z ''U excitation energy (5.7 < E e x c < 9.7 MeV). 

Assuming spheroidal fragment shapes at scission, AV(Bi) and EQR(BI,B2) 
were calculated ir „he framework of the droplet model and including the semi-
empirical shell corrections of Myers and Swiatecki z ) . An adjustable neck 
distance between the spheroids was kept constant and equal to 1.2 fm for all 
the mass divisions and the whole 3I*U excitation energy range. 

Since the fission process is, even during the last stage, very slow, the 
nuclear temperature of both fragments are equal ; it may be expected that 
Einti ^ E i n t Z i n/2. 

Assuming, in a first step , that E K e does not vary with E e x c we have 
deduced the variation of 6r|/6Eexc as a function of the heavy fragment mass mjj 
(fig.l). It appears that this slope is very close to unity except in two mass 
regions 117 < mjj < 125 and 132 < m^ < 136. The large value of the slope re
flects a large dissipation to internal excitation. Furthermore for any hypo
thesis on the variation of Eĵ p̂ g with E g X£, both fragments from these two 
mass regions presents large changes in B] and Bo, tending to reduce shell 
effects. 

In conclusion, it has been shown that, in low 
energy fission, a part of the excess of excitation 
energy of the fissionning nucleus is dissipated to 
internal excitation energy involving a fast decrease 
of shell effects for fragments in the vicinity of 
closed shell nuclei. 

+ Permanent address : K.F.K., Karlsruhe (R.F.A.). 

1. Y.Patin, e t a l . , Nucl. In s . 160, (1979) 471. 

2. W.D.Myers, e t a l . , Ark. Fys. 36, (1967) 343. 
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INFLUENCE OF FRAGMENT SHEIA EFFECTS IN THE FISSION OF THE Pu COMPOUND 
SYSTEM. 

H.Thierens,A.De Clercq,E.Jacobs,D.De Frenne,P.D'hondt,P.De Gelder and 
A. J.Deruytter. 

Institute for Nuclear Physics 
University of Gent 
Proeftuinstraat 86 B-900O GENT-Belgium 

240 
2 3 „ Energy correlation measurements were performed for Pu s-f., 

Pu(n ,f) and the photofission of 240p u with 12, 15, 20 and 30 MeV brems-
strahlung.The photofission cross section for 240pu was determined up to 30 
MeV,enabling the calculation of the average excitation energy of the com
pound nucleus. For photofission of ^^°Pu,in which predominantly J11 = 1 _ 

states are excited, the variation of the average total fragment kinetic 
energy <E^> with the average excitation energy of the compound system<E > 
shove an identical decrease as found in 239p u( n ff) a t lower excitation 
energy. The < E . > value for 2 4 o P u s.f. is 1.1 ± 0.5 MeV higher than the value 
for 2 3 9 p u ( n £)_ From an analysis of the different <E >(m*) curves,giving 
<E > as a function of the fragment mass m , follows that the decrease of 
<E > in photofission can be attributed to a diminution of the influence of 
the spherical N=82 neutron shell at higher excitation energies, leading to 
fragments with more deformed shapes as pointed out in the scission point 
model of Wilkins et al. ' The observed constancy of <E >(m*)with <E > 
for strongly asymmetric mass splits,where shell effects are of minor im
portance's consistent with a weak coupling of the fission mode to quasi-
particle excitations. The values of <&>(m*) in 2^ 9Pu(n t h,f) are systemati
cally about 1 MeV higher than for 240p u s.f. except in the region around 
the heavy mass 134, where a 2 MeV lower value is observed. An apparent asym
metry (coefficient of dissymmetry U,/cr3 = - 0.52) , present in the kinetic 
energy distribution for 24op u s.f. for these ...ass splits, is strongly redu
ced in 239Pu(n ,f) (vu/tĴ  = - 0.35). This can be explained in the scission 
point model of flilkins et al*' by a slight increase of the intrinsic tem
perature, reducing shell corrections. This is also confirmed by the strong 
decrease in 2-"Pu(n . ,f) of the structures observed in the overall mass 
distribution for 240p u s.f. This mass distribution shows an abnormally 
hi^h peak yield{7.3%) around heavy mass 134 and a prominent shoulder around 
mass 142, which can be attributed to the spherical N = 82 and deformed N=88 
neutron shell respectively. 

1. B.D.Wilkins, E.P.Steinberg and R.R.Chasman, Phys.Rev.C14(1976),1832. 
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K-SHELL IONIZATION YIELDS F O R ( h . i , xn)REACT!ON PRODUCTS 
X X It 5 

D. Chmielewska, Z. Sujkowski, R. Janssens, and M.J .A. de Voigt 

X I B ] , 05-^00 Swierk, Poland, *KV1, Groningen, the Netherlands 
The ionization yields, T| , expected from the K internal conversion 

of observed discrete "^ -ray transit ions, are analyzed as functions of the 
average angular momentum, <lL>> , in the exit channel of s eve ra l (h . i , xn) 
reactions. Fig . 1 shows the results for the l-^il-Wilj/ 'Dy final products. 
The <^ L^> values are taken from the measured *•' average J" -ray 
multiplicities, <^M^>, assuming ,<\Lv> = 2<^v> ~^m Alternatively, they 
are obtained from the calculated L m a x values assuming the relationship 
<̂  |_/Vexit channel) = 2/3 Lmax ( t o t a i ) t o hold, for bombarding energies 

corresponding to the maximum cross-section for the exit channel considered. 
The two points marked with ^fc are estimates from published data, the 
remaining ones are from this work. It is seen that for the nuclei with regular 
rotational level spacings, 15b,157;Dy, the ionization yields are practically 
independent of the reaction used. In contrast, a sharp increase in 7] with 
<C L^>is observed for the 152rj y 

nucleus which has irregular yrast 
line and several low energy t ran
sitions at high spins. 

In most cases studied the 
values summed over all the possi
ble ( h . i , xn) exit channels exhaust 
the total K-X-ray yields. This fact 
can be used to set upper intensity 
limits on all the unobserved ioni
zing processes ^ ' , especially such 
as the low energy magnetic dipole 
transitions in the qua si-continuum 
Y-ray cascades . 

1. M.J.A. de Voigt, W.J. Ockels, Z . Sujkowski, A. Zgliiiski and 
J. Mooibroek, Nucl. Phys. A323 /1979/ 317 and to be published. 

2. Z. Sujkowski, D. Chmielewska, R. Janssens, M.J.A. de Voigt, 
Phys . Rev. Lett . 43/1979/ 998. 
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THE POPULATION OF FISSION ISOMERS IN 
(Y,n) and (Y,2n) REACTIONS * 

W.Giinther, K.Huber, U.Kneissl, H.Krieger, H.J.Maier**, H.Ries, 
H.Stroher and W.Wilke 

(Institut fur Kernphysik, Universitat Giessen, Germany) 
The low angular momentum transfer in photonuclear reactions is 

favourable for the investigation of fission isomers. In particu
lar for even-odd nuclei, where low lying single particle excita
tions may cause spin isomers in the second well of the double 
humped fission barrier, a measurement of the population of these 
isomers in photonuclear reactions provides information on the 
spins of the levels involved^)-
The experiments were performed at the bremsstrahlung facility 

of the Giessen electron accelerator (EBS =45 MeV) using pulsed 
beam techniques (pulse width variable between 6ns and 2us) and 
large area transmission parallel plate avalanche detectors (PPAD). 
The results are summarized in table 1. 
A statistical model analysis of the relative populations of the 

double isomers in the odd Pu-isotopes gave the following results. 
For 237 P u a most probable spin assignment 11/2-5/2 for the long and shortlived isomer was evaluated. In 2 3 9 P u a fission d^cay of 
the shortlived isomer2) ((2.6+4-Qns)) could not be observed de
finitely in our experiments. The analysis for 241pu is compli
cated because of the unknown branching ratio of the electromag
netic and fission decay of the 34ns isomer. 
Cross sections for isomeric fission were evaluated using abso

lute cross sections for prompt photofission or extrapolations. 
The results are compared with a systematic reported by Borg-
green3) to get information on the barrier parameters EJJ and En-
Reaction Isomer Halflife Yiso / Ypr. Detect. 
2 3 2Th(y,xn) _ _ < 10-6 PPAD 
235U (y,xn) - - < 1 0 - 7 PPAD 
2 3 8 U (y,2n) 236u (115±5) ns (2. ,02±0.16) • 10- 5 Si 

(118±7) ns (2. .10*0.16) • 10-5 PPAD 
239pu(Y,2n) 237m1p u (77±16) ns (6. .4±1.7) • 10-6 Si 

(87±11) ns (4. .9±0.7) • 10-6 PPAD 
237ra2pu (1050±400) ns (0, .83±0.22) • 10-6 Si 

2 4 0Pu(y,n) 239m1p u (6.5±0.4)us (7. ,9±0.4) • 10-5 PPAD 
239m2p u ? (4.5±1.5) ns < 1 .1 • 10-4 PPAD 

2- 4 2Pu( Y,n) 241m1p u (20.5±2.5) us (9. ,2±0.8) • 1 0 - 5 PPAD 
241m2Pu (34±7) ns (3, .7±0.7) • 10-5 PPAD 

Table 1: Populations of fission isomers measured at Giessen 
* supported by the Deutsche Forschungsgemeinschaft 
** Tandemlabor der Ludwig-Max.Universitat Munchen, Germany 
1. W.Giinther et al., Phys.Rev. C19 (1979) 433 
2. H.Backe et al., Phys.Rev.Lett. 42 (1979) 490 
3. J.Borggreen et al., Nuci.Phys.A218 (1974) 621 
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STUDY OF HIGH-SPIN STATES IN THE NICKEL REGION 
WITH THE (d,a) REACTION AT 80 MeV + 

H. Nann, A.D. Bacher, W.W. Jacobs, W.P. Jones, 
and E.J. Stephenson 

Indiana University Cyclotron Facility 
Milo B. Sampson Lane 

Bloomington, Indiana 47405 

It is well known that in two-nuclcon transfer reactions, like (a.d) 1' 
or (d,a),') stretched-configuration, high-spin states are preferentially 
excited because of the geometrical coefficients in the structure factor ' 
and momentum mismatch conditions between the entrance and exit channels. 
This feature has been used in the present (d,a) reaction on 58»60,62[j£ t o 

locate high-spin states in 56,58,6Dj]^ ^ n w n i c h a transferred proton-neutron 
pair in the (lf7 I2) 7

2n configuration is coupled to the unperturbed target 
nucleus as a core. Such transitions are characterized by an orbital angular 
momentum transfer of L=6. 

A 80 MeV deuteron beam from the Indiana University Cyclotron Facility 
was used for carrying out the present experiment. The outgoing o-particles 
were momentum analyzed with the QDDM magnetic spectrograph. An energy 
resolution, FWHM = 50 keV, was achieved. Angular distributions from 6° to 
.c0° to the strongly excited states in the final nuclei up to an excitation 
energy of 5.5 MeV were measured. Besides the transition to the known 7 + 

state at Z.28 MeV in 5 6Co, which served to identify an experimental L=6 
angular distribution, states at 2.36 and 3.53 MeV in s eCo and at 2.69 MeV 
in 5 8Co are quite strongly excited with a characteristic L=6 angular dis
tribution. The transitions to the 2.36 and 3.53 MeV states in "Co show 
approximately 10% of the strength of the 2.28 MeV transition. No similar 
strong L=6 transitions in 5 8Co besides that to the 2.69 MeV state were 
observed. 

Since the spins of these states are not known unambiguously, the 
observed L=6 angular distribution can be explained by either a (.liy/2)Z^B 

or a (lf7/2 _ 1, lfs/2 - 1), n pickup. Therefore, without knowing the spin' 
of the transferred proton-neutron pair, it is not possible at present to 
infer the predominant configuration of most of these states. Based on the 
intensity of the (d,a) transition to the 2.69 MeV state in s 8Co and the 
small occupation*' of the lfs/2 orbital in 6 0 N i , this state is most probably 
a [eoNi(g.s.;0+) x ( l f y ^ ) ^ ] configuration 7 + state. 

^Work supported in part by the U.S. National Science Foundation. 
1) H. Nann, W.S. Chien, A. Saha, and B.H. Wildenthal, Phys. Rev. C 15 (1977) 

1959; and references therein. 
2) N. Frascaria, J.P. Dideles, J.P. Garron, E. Gerlic, and J.C. Roynette, 

Phys. Rev. C 10 (1974) 1422. 
3) N.K. Glendenning, Phys. Rev. B 13_7 (1965) 102. 
4) N. Auerbach, Phys. Rev. 163 (1967) 1203. 
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SEMICIiASSICAL THEORY OP LARGE AMPLITUDE COLLECTIVE MOTION 
H. Reinhardt 
Z e n t r a l i n s t i t u t fur Kernforschung Rossendorf, DDR-8051 Dresden, 
DDR 

In recent years there has been an increasing interest in the 
study of large amplitude collective motion. Typical examples 
for suoh a motion are vibrations in very soft nuclei, nuclear 
fission and heavy ion reactions. During a large amplitude col
lective motion the action changes substantially and we expect 
a semiclassical description to be valid. 
Starting from the path integral representation for the time 
evolution operator we have derived the TDHF equation 

i? -CAffJ, fj 
from a stationary phase condition . In this sense the TDHF 
equation can be considered as the classical equation of motion 
of many-fermion systems. Besides giving more insights into the 
spirit of the TDHF approximation the path integral approach 
allows to go beyond this classical approximation. This is of 
crucial importance for the treatment of quantum effects. In 2) ref. we have evaluated the leading order quantum corrections 
to the TDHF approximation. This has given a Bimiclassical quan
tization prescription for ! « amplitude oscillations. Appli
cation of the semiclassic. . tneory to some schematic models has 
given ver. encouraging results ' . Analogously to the semi-
classical treatment of bound states one can get a microscopic 
description of nuclear fission by continuing the time variable 
t to imaginary values t = -ic (treal) • The solutions of the 
TDHF equation continued to imaginary times give a dynamical 
picture of the. fiSBion process. They describe the time-evolu
tion of the fissioning nucleus from the static Hartree Fock 
ground state to the scission point. Evaluation of the correspon
ding Euclidean functional integral in the semiclassical appro
ximation yields a finite life time of the fissioning nucleus. 
1) H.Reinhardt, J. Phys. G5 (1979) L91 
2) H.Reinhardt, submitted to Nuclear Physics 
3) H.Reinbardt, JIHR (1978) E4-11977, Nuclear Physics in presB 

H.Kleinert and H.Reinhardt, Nuclear Physics in press 
4) H.Reinhardt, submitted to Nuclear Physics 
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LOCATION OF HIGH-J ORBITAL TWO-QUASIPARTICLE STATES IN Sm AND Nd ISOTOPES1" 

P. D. Bond and J. Barrette 

Brookhaven National Laboratory 
Upton, New York 11973 

Heavy-ion induced single neutron transfer to even Sm and Nd isotopes has 
been performed in order to determine the two quasiparticle states formed by 
coupling neutrons in high-j orbitals (f 7/ 2, h 9/ 2, in / a ) . Earlier work1) 
with the (d,p) reaction was generally unsuccessful in locating the ii3/2 
strength in these even-even nuclei. In contrast to this reaction, heavy-ion 
induced single neutron stripping reactions with large negative Q values are 
ideal selectors of high angular momentum transfer, L, because of the large 
difference between incoming and outgoing grazing angular momenta. The QDDD 
spectrometer has been used to detect products from two such reactions, 
( 1 60, 1 50) and ( 1 ZC, 1 1C), on several Sm and Nd isotopes at bombarding energies 
of 120 MeV, 1 6 0 and 90 MeV, 1 Z C . With a 1 1 , 8Sm target the ( 1 G0, 1 50) reaction 
populates only two states strongly, the f 7/ 2 g.s. (L=4 transfer) and the 
il3/2 state at .89 MeV (L=7 transfer). Thus with ,"''~ 
naively expect only (f7/ 2) z (positive parity) and 
parity) configurations to be populated in 1^ 8Sm 
to states in ''*8Sm, measured 

(IO-) ( "WVoT'Sm I 
IZO MeV }! 

Sm target one would 
* M3/2) (negative 

5 0 spectrum leading 

Mi 

4. f 

a t the peak of the bell-shaped 
angular d i s t r i b u t i o n , i s shown 
in the f i g u r e . The even p a r i -
i t y s t a t e s of 0 + , 2 + , 4 + , 6 + a re 
c l e a r l y seen, and evidence i s 
a lso p resen t for previously 
assigned 5 ~ , 7 - , 8 _ and °T 
s t a t e s . The previously un
observed 10" two-quasipart i
d e s t a t e i s expected to be 
the s t ronges t in the spectrum 
and i s l i k e l y to be the l a r g e , 
i so l a t ed peak a t 3.53 MeV. 
Transfer wi th the ( l z c , n C ) 
r e a c t i o n , which also permits 
strong I19/2 neutron t r ans fe r , 
has f i rmly establ ished the 
(£7/2 * n 9 / 2 ) character of 
the 2.58 MeV, 8+ s t a t e Ln 
1 1 ( 8 Sm. Similar data has been 
obtained for 1 5 0 Sm, 1 M N d and 
1 1 , 6 Nd n u c l e i and demonstrates 
tha t the loca t ion of these 
s t a t e s moves rapidly with 
neutron number. Gamma-ray coincidence exp» '"iments a re being performed in an 
e f for t t o improve the ef fec t ive energy reso lu t ion , to e s t ab l i sh the spin 
assignments and to locate the missing 4 _ and 6~ s t a t e s . 
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Work sponsored by the U. S. Department of Energy under Contract No. 
DE-AC-02-7 6-CH00016. 
1. W. Oelert, J. V. Maher, D. A. Sink and M. J. Spisak, Phys. Rev. C 12̂  

(1975) 417 
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HIGH SPIN RESONANCES IN 2 8Si + 2 9Si SCATTERING* 

R. R. Betts 
Chemistry Division 

Argonne National Laboratory 
Argonne, I l l i n o i s 60439 

and 

S. B. DiCenzo and J. F. Petersen 

A. W. Wright Nuclear Structure Laboratory 
Yale University 

New Haven, Connecticut 06520 

Recent measurements1) of elastic and inelastic scattering of z eSi + 2 6Si 
have shown the existence of resonance-like behavior, thus indicating a much 
wider occurrence of this type of behavior than was previously thought likely. 
Elastic scattering data measured at 0 Cm = 90° and 80° are shown in the figure, 
displaying both structure of width r c r a * 2 MeV and a much narrower structure 
of width r Cm = 0.5 MeV. We have recently extended these measurements usinj 
a novel technique which allows the 
collection of high precision angular 
distribution data for both elastic 
and inelastic scattering overa a wide 
angular range with high efficiency. 
The angle integrated cross-sections 
show almost identical behavior to the 
previously measured single angle 
excitation functions-showing struc
tures which appear in a correlated 
fashion in the elastic and inelastic 
channels and are also visible in the 
angle integrated yield of the summed 
excitation functions for all transi
tions with Q ? -10 MeV. We there
fore conclude that the observed 
structures arise from a series of 
entrance channel resonances frag
mented by mixing with some presum
ably molecular degree of freedom. E^MM/I 
The spins of the resonances 
determined from the shapes of the 
elastic scattering angular distributions ru,:ye from 34 to 42 11 and closely 
follow the grazing partial wave. The resonant widths extracted are similar 
for all the observed resonances. The elastic width is typically a few percent 
of the total whereas the inelastic widths are much larger. In particular, 
the width for the poorly match 0" = 3" inelastic channel is the largest of 
all, suggesting that the structure of the intermediate width resonances may 
be quite different from that of the resonances observed in the lighter 
systems. 

ELASTIC SCATTERING 
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Work supported by the U. S. Department of Energy. 
1. R. R. Betts, S. B. DiCenzo and J. F. Petersen, Phys. 

(1979). Rev. Lett. 43, 253 
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ROTATIONAL BAND CROSSING IN 4 4 T i AND CHANNEL COUPLING EFFECTS 
IN THE 2 8Si( 1 60, 4He) 4 0Ca REACTION 

K. Langanke, R. Stademann and A. Weiguny 
Institut fiir Theoretische Physik I 

Universitat Munster 
D-4400 Munster 

Rotational band structures deduced from the elastic He- Ca 
and 1 6 0 - 2 8 S i scattering, resp., intersect at an excitation energy 
£*~ 33 MeV in 4 4 T i , corresponding to a spin value of about £=12. 
In the vicinity of this energy one expects an enhancement1' of 
the 2 8Si ( i 60, 4He) 4 0Ca reaction cross section. 

The above reaction was studied microscopically on the basis 
of the coupled-channel generator coordinate method 2). The inter
nal structures of the fragment nuclei were described by their os
cillator shell model ground states. The effective nucleon-nucleon 
force was approximated by a general central force containing two 
Gaussian functions. It reproduces the threshold energy (6.2 MeV) 
of the 1 6 0 - 2 8 s i channel relative to the 4He- 4 0Ca channel and fits 
the rotational band structures in the corresponding elastic chan
nels. The Coulomb interaction was treated exactly, including ex
change contributions3'. 

The results show that the 
flux | S 2 1 | 2 from the 1 6 0 - 2 8 S i 
channel (2) into the 4He- 4°Ca 
channel (1) around the above 
band crossing energy is in fact 
dominated by the 11=12 partial 

'21 wave. Its contribution to 
exhibits a pronounced maximum -

(fig.1) at E 2=19.8 MeV in the 
entrance channel, corresponding 
to E*=31.2 MeV. This maximum is 
clearly related to a resonance 
structure in the 1 6 0 - 2 8 s i chan
nel as can be seen by comparing 
the corresponding phase shifts 
in the elastic channels (upper 
part of fio.1). Such maxima be
come more pronounced with de
creasing widths of the underly
ing resonances and may serve to 
identify quasimolecular states 
well below the Coulomb barrier. 
In the present case the direct 
coupling is too weak (|S2i | 2 => 
10~^) to produce noticeable 
effects in the reaction cross 
section, in agreement with ref.1. 
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1. R. Singh, K.A. Eberhard and J.G. Cramer, Phys.Rev. C19 (1979) 
291. 

2. B. Giraud, J. LeTourneux and E. Osnes, Annals of Physics 89 
(1975) 359; K. Langanke, Ph.D. thesis (Munster, 1980). 

3. R. Stademann, diploma thesis (Munster, 1980). 
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HIGH-SPIN STATES IN 16°Yb 

L. L. Riedinger3 and U.K. Luk 
University of Tennessee,* Knoxville, Tennessee 37916 

D.R. Haenni, S.A. Hjorth, N.R, 
and 
Johnson, I.Y. Lee, and R.L. Robinson 

• mum IM> 1 
o suei r "°Vb 
A met J 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

Extensive spectroscopy experiments were performed recently In Copenhagen 
on ISOyb with an ( 1 6 0,3n) reaction, 1) leading to the assignment of the yrast 
l ine to spin 28 in addition to 5 side bands. To observe higher spin members 
of these bands, we have produced 1 6 0 Yb In a ( 2 0Ne,4n) reaction using a 
108-HeV Ne beam from the ORIC. An array of 5 Ge(Li) detectors was used to 
record T-T events In coincidence with a total energy signal from a 25-cm x 
25-cm Nal counter. The 
higher i imparted by the 
Ne beam (compared to 1 6 0 ) 
resulted in enhanced popu
lation of the high-spin ' 
yrast states, e.g. , a 
five-fold increase in 
I T (24 + ) / l 7 (4+ ) . New tran
sitions of 837 and 878 keV j i 
were assigned to the 30 + ((,) 
and 32 + yrast levels. The 
significance of these 
higher transitions is 
demonstrated in the figure, 
a plot of aligned angular 
momentum, i , relative to 
the ground configuration 
versus the rotational 
frequency (see Ref. 1 for 
more details). The yrast 
sequence experiences a second band crossing at fiu=0.43 MeV; our new transi
tions allow an estimate of the alignment gain in the crossing, Ai=5.5fi. 
Both the crossing frequency and the Ai agree well with predicted values?) 
from cranking calculations, providing evidence that the alignment of hn /2 
protons is responsible for this second backbend. Also shown In this figure 
are two bands 1n l f i l Yb from Copenhagen work.3) The crossing at 0.43 MeV is 
apparent 1n one of these bands, demonstrating that hg/2 neutrons are not 
responsible for upbends in 160,16lYb. 

Our measurements also led to the assignment of higher transitions in 
side bands 1 and 2 in 1 6 0 Y b . These energies suggest &1-6,6fi for the cross
ing which is observed so strikingly in 4 side bands in 1 6 0 Yb and the yrast 
band In l^Yb (see Ref. 1 ) . This Ai , along with the crossing fiu of 0.36 
MeV, Indicates that the alignment of a secondary pair of I13/2 neutrons 
Is responsible for this frequently occurring band crossing. 

•Research supported by U.S. Department of Energy. 
••Operated by Union Carbide Corp. for the U.S. Department of Energy under 

Contract No. W-740S-eng-26. 
aPart time at Oak Ridge National Laboratory. 

1 . L.L. Riedinger et al_., Phys. Rev. Lett. 44 (1980) 568. 
2. R. Bengtsson ariiTS. Frauendorf, Nucl. Phys. A327 (1979) 139. 
3. J .J . Gaardhjfje et aj_., contribution to Strasbourg Conference, April 1980. 

3 .4 
tiui (MeV) 

383 



STATISTICAL YRAST LINE EFFECT IN 1 6 0+ 2 7 A1 AND 1 9F+ 2 4Mc FUSION CROSS SECTIONS 

S. M. Lee, Y. Higashi, Y. Nagashima,. S. Hanashima, H. Sato, 
H. Yamaguchi, M. Yamanouchi and T. Matsusef 

Ins t i tu te of Physics and Tandem Accelerator Center, University of Tsukuba, 
Ibaraki 305, Japan. 

+Department of Physics, University of Tokyo, Hongo, Tokyo 113, Japan. 

I t is current interest to c l a r i f y whether the fusion cross section at 
high energy is l imited by the property of the compound nucleus or the entrance 
channel e f fec t . One of the crucial way to do this is to compare mass- or Z-
distr ibut ions of the evaporation residues for two d i f ferent entrance channels 
forming the same compound nucleus. The 16o+"Al a n t j 19p+24^g systems have 
been chosen for the present study. The beams of 1^0 and '*F were obtained 
from the 12UD Pelletron Tandem at the University of Tsukuba. Self-supporting 
2 7A1 targets of 200 yg/cm2 were employed for the 1 6 0+ 2 'A1 system, while 100 
uq/cm2 of 2 4Mg evaporated on the th in carbon fo i l s were prepared for the 1=F+ 
2*Mg system where the special attent ion was made to avoid oxydation. 
Evaporation residues from complete fusion reactions and the elastic scattering 
were detected in a telescope consisting a gas flow ionization chamber followed 
by a sol id state si l icon detector in the angular range 3C<6.<30°. 

In F i g . l , shown are the sat isfactory agreements of Z-distributions from 
43sc-compound nucleus at E*=58.2, 63.5 and 69.5 HeV through two entrance 
channels. This confirms that fusion cross sections are l imited by the pro
perty of compound nucleus and not hy the entrance e f fec t . In Fig.2, The mea
sured fusion cross sections are shown for two entrance channels. These fusion 
cross sections at high energy are well reproduced by the s ta t i s t i ca l yrast 
l ine prediction with r 0=l.20fm and AQ=10 MeV which are common for the systems 
up to A<80 1) . The calculations of the fusion cross sections for whole energy 
range are made by the use of averaged S-matrix with the same parameters 2 ) and 
the agreements with the data are quite satisfactory. 

1) S. M. Lee, T. Matsuse and A. Arima, accepted in Phys. Rev. Lett . 
2) T. Matsuse, A. Arima, T. Tsukamoto and S. M. Lee, contribution in this 

conference 
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BINARY FISSION OF LIGHT AND MEDIUM-HEAVY NUCLEI 1 

H-A. Gustafsson +? G. Hylten, and B. Schroder 

Department of Physics, University of Lund, 
Solvegatan 14, S-223 62 Lund, Sweden 

E. Hagebj5 

Department of Chemistry, University of Oslo, 
Box 1033, Blindern, Oslo 3, Norway 

The binary fission process has been investigated with 600 MeV protons in 
elements ranging from Y to Bi. This process is of interest in connection with 
macroscopic models used to desribe fission phenomena. These models predict 
values of the fission barrier heights, total kinetic energy release ans mass 
distributions. All models predict the existence of a limit, the Businaro-
Gallone point, below which the symmetric saddle becomes unstable towards ma^s 
asymmetric distorsions. Below this limit the fission process will be indi
stinguishable from other reaction channels, e.g. evaporation, due to the 
highly asymmetric mass distributions expected. Above the limit the models pre
dict symmetric, Gaussian shaped, mass distributions. 

In order to provide experimental data for testing model predictions we 
performed a series of coincidence experiments at the CERN proton synchro
cyclotron. The figure shows the relative 
widths of the mass distributions versus 
the parameter Z'/A. Relative widths are 
obtained from the actual widths (FWHM) 
in a.m.u. divided with the estimated 
mass of the fissioning nuclei. The be
haviour according to the liquid drop 
model calculations of Nix*) is given s 
by the solid line. From the figure we § 
draw the conclusion that there is no 
sign of the Businaro-Gallone point in 
the experimental data although the ligh
test element investigated (Y) is far be
low the expected location in any of the 
macroscopic models. " zV» 

Of the nuclei displayed in the fi
gure La and Ce are exceptional in that 
they show non-symmetric mass distributions, in fact their distributions are 
similar to those observed in the actinide region. Such stable mass asymmetry 
may be interpreted in terms of shell structure effects. In the present case 
of La and Ce it turns out in calculations based on Nilsson levels, that the 
neutron numbers around 80 play the dominant role. 
+ 
This work was supported by the Swedish National Science Research Council 

+.and in part by the Norwegian Research Council for Science and the Humanities 
Present adress: E.P. Division, CERN, CH-1211 Geneva 23, Switzerland 

1. J.R. Nix, Nucl. Phys. A130(1969)241 
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TARGET DEFORMATION EFFECTS IN HEAVY ION INDUCED 
FUSION-FISSION REACTIONS* 

B. B. Back, R. R. Betts, W. Henning, and K. L. Wolf 
Argonne National Laboratory, Argonne, Illinois 60439, U.S.A. 

A. C. Hignerey 
University of Maryland, College Park, Maryland 20743, U.S.A. 

J. M. Lebowitz 
Brooklyn College, Brooklyn, New York 11210, U.S.A. 

The stat ic interact ion barr ier between two heavy ions is determined by 
the Coulomb repulsion and the attract ive nuclear potential at the point of 
contact between the two nuclei . A signif icant reduction of the interact ion 
barr ier occurs at the poles of a daformed nucleus when compared to that of 
a spherical nucleus of the same volume, and i t i s expected, that th is re
duction of the interaction barr ier w i l l lead to a s igni f icant increase in 
the fusion cross section in the sub- i—i—•—'—'—r-i—i—i—•—I—r-
threshold region. This ef fect 
has recently been demonstrated 
in a measurement of the fusion 
of 1 6 0 with four d i f ferent Sm-
isotopes 1 ) . 

With the aim of studying 
these deformation effects at -=|-s 
higher angular momenta we have « J , 
measured detailed excitat ion S ? 
functions for f ission induced - r ^ 
by 3 2 S fusion with " " . " " . i s z , * ' 
1 5 *Sm. Due to the low f i ss ion-
a b i l i t y of the Pt compound sys
tems, f iss ion occurs only for 
large angular momenta, fo r 
which the relat ive height of the 
f i ss ion barrier is reduced 
su f f i c ien t l y to render f i ss ion 
decay competitive with neutron 
emission. Even with th is selection of high j-waves U K 40 Ti) introduced by 
the f i ss ion requirement, we observe s igni f icant differences in the sub
threshold f ission cross section for ls I*Sm and " ' 'Sm, as i l lus t ra ted in the 
f igura . Here the sol id l ine represents a s ta t i s t i ca l model calculat ion, 
which includes an integration over the orientations of the deformed 
(02 = 0.13) 1 5 l ,Sm nucleus. The cross section ra t io calculated for p2

 = 0.00 
is shown (dashed curve) for comparison. 

+ This work was supported by the U. S. Department of Energy. 
1. R. G. Stokstad, Y. Eisen, S. Kaplanis, D. Pelte, U. Smilansky, and 

I . Tserruya, Phys. Rev. Let t . 41 (1979) 465. 
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NON STATISTICAL EFFECTS IN SUBTHRESHOLD PHOTOFISSION OF 2 3 8 U 

M.Di Toro , V.Trovato and M.Viglianisi 

Istituto di Fisica, Universita di Catania,95129 Catania, Italy 

Subthreshold photofission processes are analyzed within the theory 
of intermediate state reactions, based on a double humped pictu
re of the fission barrier. We show that this widely accepted 
reaction mechanism 1) actually leads to two main "regimes" related 
to different couplings among class I and class II states.depen
ding on the level densities in the two wells. Near the fission 
threshold we have a strong coupling, with back and forth transi
tions through the first barrier,where we can introduce statisti
cally averaged quantities. In the very low energy region (weak 
coupling) in addition to the isomeric transition we can see noti
ceable non statistical effects 
due to quasi-degeneraces between P 
single class I and class II sta- 7-
tes. </r 

We show that this microscopic •£ 
coupling, which resembles a reso-P" 
nance in the double barrier pene- u. 
trability, gives the bulk of the "? 
observed low energy enhancement 
of photofission yields usually 
called "isomeric shelf" 2). Any t f . 
attempt to reproduce the data only 
with the isomeric competition 
leads to a completely unrealistic 3-
choice of the barrier parameters. 
We finally remark that the forms 
we get for cross sections and 2-
yields are veTy simple to handle, 
never requiring a computation of m f 

complete double (or triple) bar- ^ 4 43 5 55 E(MeV) 
rier penetrabilities. 

The results of our analysis for the 2 + photofission yield of 
Z 3 8 U are shown in the figure (curve I: statistical code;curve II: 
resonant code). The experimental data are from ref. 3). The same 
set of deformation parameters along the fission path (heights and 
curvatures) can reproduce both the low and high energy region. 
The low energy shelf is due to a resonance at E=3.55 MeV with a 
total width of 120 keV. 

Supported in part by INFN, Sezione di Catania. 
1) J.E.Lynn "Cross Section Theory for actinide Nuclei" IAEA-Harwell Conf.1978 
2) V.E.Zhucko et al., Sov.Jour.Nucl.Phys. 28(1978)611 
3) G.Bellia e t a l . , Phys.Rev. 20C(1979)1059. 

2* PHOTOFISSION YIELD 
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2 3 8 U SUBTHRESHOLD PHOTOFISSION ANGULAR DISTRIBUTIONS 
R.Alba,G.Bellia,L.Calabretta,A.Del Zoppo.E.Migneco, and G.Russo 
Istituto di Fisica dell'Universita, I.N.F.N., C.S.F.N.S.M., Catania 
cor so Italia 57, 95129 Catania, ITALY 
R.C.Barna, and D.De Pasquale 
Istituto di Fisica dell'Universita, I.N.F.N., Messina 

Because of its high selectivity in terms of angular momentum, the subthre
shold photofission reaction is a very suited tool to investigate the fission 
barrier of actinides nuclei. In particular it is of interest to study the 
photofission of the 2 3 8 U since the obtained informations can be compared with 
the known values of the partial half-lives of the 2.56 MeV shape isomer and 
with its fission branching ratio. 

We have performed fission fragments angular distribution measurements in 
the (5.1-6.0) MeV energy range using an intense bremsstrahlung beam obtained 
with the microtron facility of Catania University. The target was placed at 
the centre of a cylindrical support bearing a 10 ym thick makrofol foil used 
as fragment track detector 1). The experimental data were analysed taking into 
account finite target effect by Monte Carlo method 
and the isotropic, dipole and quadrupole contribu_ 
tions were deduced fitting the angular distribu_ 
tions with the expression W(e)=a+bsin29+csin226 . 
Theoretical yields are obtained folding cross 
section, calculated on the basis of a resonant 
penetrability model 2), with an empirical linear 
bremsstrahlung spectrum. The curves resulting from 
the best fit of the experimental data are shown in 
figure in fission per coulomb unit. The parameters 
describing the two-humped barriers obtained from 
our analysis are summarized in the table. Some 
interesting conclusions can be drawn. The outer 
saddle point energy is found to be nearly dege_ 
rate in the 1~0 and 2 +0 channels in agreement 
with theoretical predictions for a mass asymetric 
second maximum, and the lialf-lives for the 2.56 
MeV shape isomer together with fission branching 
ratio are well reproduced. 

io6l 
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* isotropic (V ) 
• dipolar (Y.) 
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TABLE - E and h&> aie respectively the 
height and curvatures of the joined 
parabolas simulating the potential 
barrier. a.b.II are referred to first 
and second maximum and to the second 
minimum respectively. 

1 ) Preliminary results were presented at Int.Symp. on Phys. and Chem. of Fission, 
Julich 1979, IAEA-SM-241/A3; 

2 ) B.B.Back.H.C.Britt.Ole Hansen.B.Leroux, and J.D.Garrett, Phys.Rev.C 10,1948 
(1974). 

Ea R">a E I I R u I I E b hu b 

2+0 5.9 1.2 2.16 0.84 6.0 0.65 

1-0 6.6 1.1 2.98 0.40 6.0 0.56 

1-1 6.6 1.1 3.0 0.50 6.64 0.67 
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Novel Band Crossing Predictions for Rare Earth Nuclei 
R.R. Hilton and H.J. Mang 

Physics Department 
Technical University Munich 
8o46 Garching, West Germany 

Within the framework of a self-consistent HFB theory, giant back-
bending is predicted to occur in a number of heavy isotopes in 
the rare earth region. The effect is seen to be the result of 
the crossing of two bands with very different intrinsic struc
ture (shape (3 , t ; gap parameters Af , &n Fig.1 and 2) and thus 
corresponding effective moments of inertia (Fig.3). These pro
late ((3> 0)-oblate (p< 0) shape transitions (Fig.1) occur at far 
lower angular momenta and are of an entirely different nature to 
those anitcipated on the basis of the liquid drop model. Amongst 
a number of novel features, the new bands may possess super-
rigid effective moments of inertia' (Fig.3) and manifest "Corio-

lis Enhanced Pairing"effects (Fig.2). A 
preliminary account of this work has alrea
dy been published 

R.R. Hilton, H.J. Mang, Phys. Rev.Lett. 
43(1979)1979 

+This work is supported by B.M.F.T. of 
F.R.G. 
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A HIGH SPIN 1 2 C + 8 B e CLUSTER STATE IN ̂ N e * 

M.M. Hindi, J.H. Thomas, T>.C. Badford and P. D. Parker 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

Motivated by the successful application of of+ l e O cluster models in ^ N e and 
the recent attempts to extend these models to include more complicated cluster con
figurations, 1) we conducted a series of measurements at the Yale MP Tandem accel
erator to study the structure of states in 2 0 N e populated in the 1 2 C ( C, o) 2*Ne re
action. In this paper we report the direct observation of an 8+ state at E „ = 18.5_38± 

X2 

£ ( > 6 4 l*V 
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JUM 
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m^ 
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0.010 MeV (T c_ m > = 125±25 keV), which has a large reduced width for decay to *"C+ 
8 B e , suggestive of strong 1 2 C + 8 B e cluster structure. 

The spin of this state was measured from an OQ - tq - Y triple angular corre
lation obtained from the process 1 2 C ( 1 2 C , a 0 ) 2 0 N e * ( a i ) 
1 6 0 * [ 6.13, 3- ] ( Y ) 1 6 O g . s . at E( 1 2 C) = 64 MeV. Fig. 1 
shows the singles spectrum and the double-coincidence 
spectra for the decay of 2 0 N e * to the ground state of ^O 
and to the doublet at 6 MeV. The branching ratio ob
tained from this measurement for the a-decay of the 
2 0 Ne*(18.54) state to the ground state of l e O is 1.8 ± 
0.9%. To obtain the branching ratio for decay to the 1 2 C + | 
8 Be channel, a + 1 2 C double coincidences from the pro- " 
cess 1 2 C ( 1 2 C , a ) 2 0 N e * ( 1 2 C ) 8 B e g . s # were measured 
at E( 1 2 C) = 80 MeV. The singles and o + " 1 2 C double-
coincidence spectra are shown in Fig. 2. 

The measured 12% branching ratio for the 1 2 C + 
8 Be channel translates into a 1 2 C reduced width (evaluated 
at K=6 fm) of 1 .4±0 .3 , indicating substantial 1 2 C + 8 Be 
clustering. In contrast, the 2% branching ratio for decay 
to the ar + 1 6 0 „ s channel translates into an a reduced-
width (evaluated at R=5.13 fm) of only 0.003. We suggest 
that this state belongs to a new 8p-4h band built on the 0 + 

state at 12.44 MeV. 2)The 12.44 MeV state has a reduced-
ifi width for decay to « + Og_ s_ of only 0.003, while it has | 

a reduced-width of 0.51 for decay to the J 1 7 = 0 + (4p-4h) 
first excited state of O. for the 6 + member of this 
new K^=0g band, we suggest the state 2) at 15.16 MeV, 
which has a reduced-width for decay to Og_ s_ of less 
than 0.001, but has a reduced-width of 0.91 for decay to 
the 2+(4p-4h) state at 6.92 MeV in l e O . 

This excited 8p-4h band would have a good * 2 C+ 
8 B e cluster structure, as indicated by the larger moment of 
inertia relative to the K17 =o1j (8p-4h) band and by the large reduced-width for decay to 
the 1 2 C + 8 B e channel of the 8 + member at 18.54 MeV. 

t Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
1) H. Horiuchi, AIP Conf. Proc. (USA) No. 47, p. 144 (1978) (Third. Int. Conf. on 

Clustering Aspects of Nuclear Structure and Nuclear Reactions, Winnipeg, 1978) 
2) F. Ajzenberg-Selove, Nucl. Phys. A300 (1978) 1 
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COMPARISON OF HEAVY ION TRANSFER AND ELECTRON SCATTERING 
MEASUREMENTS OF NEUTRON DISTRIBUTIONS 
B. Fulton, J.S. Lilley, N. Sanderson 
Daresbury Laboratory, Warrington,U.K. 

J.L. Durell and W.R. Phillips 
Department of Physics, The University, Manchester, U.K. 

The rms radii of neutron orbits in certain nuclear states can be 
measured using calibrated sub-Coulomb heavy ion transfer reactions 1' 2). This 
information can also be obtained, making different interpretational assump
tions, using back-angle electron scattering experiments3). The results of 
both techniques show single particle orbits to be somewhat smaller ^han self-
consistent mean field theory predictions. It is possible that the 
interpretation of the electron scattering results should take into account 
the effects of core-polarisation and meson exchange contributions, and it is 
important to compare measurements on the same nucleus made by the two 
different methods. The reaction 8 GSr( 1 80, 1 70) 8 7Sr has been studied at 45 and 
46 MeV 1 B 0 bombarding energy using the MP tandem and the split pole magnetic 
spectrograph of the University of Rochester. The aim was to determine the 
radial size of the lg% neutron distribution in the ground state of B 7Sr. 
This datum has already been determined from electron scattering measurements3) 
of the 8 7 S r magnetisation distribution. 

Nuclear distortion of the wave functions of relative motion have some 
influence on the DWBA predicted reaction cross-sections because of the 
necessity of performing the experiments at high enough energies to obtain 
sufficient yield. Preliminary analyses of the ground state transfer cross-
sections were made using distortions obtained via fits to detailed elastic 
scattering experiments for i 7» 1 8o on 8 7 , B 6 S r . These experiments were 
performed at the Niels Bohr Institute. The rms radius of the l g ^ orbit 
extracted from the analysis is 4.60+0.08 fm for a spectroscopic factor S of 
0.8±0.1 of the full single particle limit, i.e. S = 0.16. The error of 0.08 
fm arises from uncertainties in S, uncertainties arising from different 
choices of distortions and data errors. A bound state potential well with 
the same geometry parameters as used in the electron experiments was used 
here to determine the }z,% single neutron wave function, and so no errors 
arise from choice of well shape when we compare the present number with the 
value 4.67 fm previously obtained 3). 

There is good agreement between the two techniques for measuring <r 2>s. 
The spectroscopic factor used here agrees with the upper limit of 0.17 
obtained in the electron experiments. The difference between neutron orbit 
sizes determined experimentally for several nuclei and Hartree-Fock 
predictions may be considered as firmly established and necessitates a 
revision of the input to such theories. 
1. M.A. Franey, J.S. Lilley and W.R. Phillips, Nucl. Phys. A324 (1979) 193 
2. J.L. Durell, C.A. Harter, J.N. Mo and W.R. Phillips, Nucl. Phys. A334 

(1980) 
3. I. Sick et al, Phys. Rev. Lett. 38 (1977) 1259 
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K-SHELL IONIZATION IN HEAVY-ION COLLISIONS* 

J.S. Blair 

Institute for Nuclear Theory 
University of Washington 
Seattle, Washington 98195 

Two proposals to measure reaction times in heavy-ion collisions have 
recently been put forward. Oscillatory structure either in the energy spec
trum of 6-electrons-'') or in the probability for producing K-shell vacancies 
as a function of impact parameter') is related to the reaction time T. The 
crucial ingredient in both is the interference between ionization amplitudes 
for incoming and outgoing trajectories. Both proposals have the deficiency, 
however, that their treatment of reaction times and the relative motion of 
the heavy-ions is purely classical. 

We present here a fully quantum-mechanical, time-independent description 
of ionization. Two spin zero nuclei collide and are assumed to produce bin
ary fragments with charges, angular momenta, and energies, Z[, z£, Ij, Iji 
E{, Ej. respectively. We consider only monopole excitation of an electron in 
the lowest molecular orbital to an ionized state with energy E. For nuclear 
separations less than a matching radius R ^ we assume the electron wave func
tions to be those of a united atom. Keeping only lst-order contributions to 
the ionization, using the WKB approximation for the relative radial motion of 
the separated nuclei, and matching inside and outside solutions at Bm> we de
rive the following formula for the joint differential cross section for pro
ducing the binary fragments and simultaneously ionizing the electron 

I I I [a(L)S^ (E-fe) + b(L')S^,T,(E)]^ /2L+T (I'L'M'-M'lLO^f.l 
I'.M'IL.L' 1- h l L I J K L | 

Here S T / I ' is an element of the S-matrix; L and L' are the incident and final 
orbital angular momenta while the channel spin I' is the vector sum of I| and 
Ii; E and K are the c. of m. energy and wave number of the incident heavy 
ions; fuo is the electronic energy difference for the united atom; a(L) and 
b(L') are equivalent to the incoming and outgoing ionization amplitudes of 
the semi -classical theory with impact parameters HL and ill,'. If we assume 
that the nuclear partial wave amplitudes are concentrated around L and L', we 
may factor out the ionization amplitudes obtaining for the joint cross section 

I y - ^ f r . M ' < & * , ) + b ( i ; , > £ i ' , M ' t B ) i z 

where f is the reaction amplitude. Even when the final kinetic energy E' is 
sharp, this cross section must be summed over Ij, Î i El; for any realistic 
experiment there will be a further summation over the range of E', Zl and ZJ> 
appropriate to the detectors. The probability for producing an electron 
with energy e is the joint cross section above, suitably summed, divided by 
the summed nuclear cross section la. The phase factor of the semi-classical 
theory, exp(iu)T), is replaced by f*(E-fcd)f (E), suitably summed, divided by 
£o. Through first order in m, the latter equals (l+iuXT>*) when one uses the 
quantum mechanical expression for the (complex) reaction times and weights 
these by the relevant cross sections. For larger values of u>, an equivalence 
between <exp(iunr)> and the quantum mechanical expression places stringent con
ditions on the correlation function £f*(E-'rt<j))f (E). 
* Work supported in part by United States Department of Energy. 
1. G. Soff, J. Reinhardt, B. MUller, and W. Greiner, Phys. Rev. Lett. 43, 

(1979) 1981. 
2. R. Anholt, Phys. Lett. J58B (1979) 262. 
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PION CONDENSATION AND REALISTIC NUCLEON-NUCLEON INTERACTIONS 
+ ++ +++ 

W.H. Dickhoff , A. Faessler , J. Meyer-ter-Vehn , and H. Miither 
Ins t i tu t fur Kernphysik 

Kernforschungsanlage Julich 
D-5170 JUlich, West Germany 

During the last few years there has been an increasing interest in the 
threshold conditions for a possible pion condensation and in the role of 
"p re -c r i t i ca l " phenomena at normal nuclear densit ies. A calculation of the 
pion selfenergy in a nuclear medium, the quantity of which is of central 
interest in these investigations, strongly depends on the residual nucleon-
nucleon particle-hole interact ion and the corresponding transi t ion potentials 
describing the excitation of the A(3,3) resonance. Commonly these interac
t ions are represented by a constant interaction s t rength 1 ) , the actual momen
tum-, energy- and density-dependence being a point of controversial discus
sion. In the present work the residual interact ion is derived from a Brueck-
ner G-matrix and corresponding approximation for the A(3,3) t ransi t ion po
ten t i a l s . The pion selfenergy is calculated keeping the fu l l complexity of 
the particle-hole interact ion. The resulting selfenergies are analyzed in the 
model of constant part ic le-hole interactions. This leads to effective in te r 
action strengths which s l i gh t l y depend on the pion momentum and the density 
of nuclear matter being considered. 

The pion selfenergy in nuclear matter due to the coupling of the pion 
to the corresponding excitat ion modes (S=T=1) also leads to a modification of 
the pion propagators in the NN interact ion. Similar effects also occur in the 
other (S,T)-channels. This modification of the effect ive particle-hole in te r 
action in the nuclear medium is called induced in te rac t ion 2 ) . In the present 
work also isobar excitations are taken into account which yield a s ign i f icant 
ef fect especially for higher momentum transfer in the cross channel. The 
induced interaction mainly modifies the part icle-hole interaction in the 
S=T=0 particle-hole channel represented by F in the Landau-Migdal nomen
clature. The residual interact ion in the part ic le-hole channel carrying the 
quantum numbers of the pion (g 1 ) is made more repulsive. At the saturation 
density of nuclear matter the Landau parameter gg is increased by 25 % using 
the Reid soft-core potent ia l . At higher densities th is effect is enhanced. 
Therefore the induced interact ion should increase the calculated threshold 
density for pion condensation considerably. 

+ + Present address: Vr i je Universitei t Amsterdam, Amsterdam, Netherlands. 
+ + + " " : Universitat Tiibingen, D-7400 Tubingen, West Germany. 

" " : Max-Planck-Gesellschaft, D-8046 Garching, West Germany. 
1 . S.O. BSckman and W. Weise, in Mesons in nuc le i , eds. M. Rho and D.H. 

Wilkinson, vo l . 3 (North-Holland, Amsterdam, 1979) p. 1079. 
2. S. Babu and G.E. Brown, Ann. Phys. 78̂  (1973) 1 . 
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Crjl? CONDENSATION AND TIIK INSTABILITY OF ABNORMAL NUCLEAR STATE 

Zhang y i -ren 

Department of Technical Physics 
Beijing University 

Beijing, China 

In the 0"=^ costq-.?^) and xT= j{ sin (q̂ jĉ ,) fields, the Dirac equation may be 
expressed in the form ' 

in which, g a is the renormalization constant of pseudovector current, m=g^ , g la 
the pseudoscalar coupling constant. Under the transformation 

W E | E _ JJBdftMl=ffi*u , ( 2 ) 2A ^2AU+p^Hj] y/2" 

A-JfR^7+i?^Z. (3) 
(1) becomes a Dirac equation of free pseudoparticle with zero tnasa: 

1J.Q.-0 . t<) 

Transformed operator of the third component of iaospin i s ?•$=-=-*' For the l e f t (r ight) 
handed Pseudoparticles J^.=i(-1), therefore Ti=£l correspond to T^S+KC?*) , These 
resu l t s are so simple, that made the ca lcu lat ion of the properties of era* condensed 
nuclear matter, in the semiclasslcal and Van der Vaals approximation, a home working 
one. Using the experimental value g a = i . 2 6 and the a-model parameters determined by 
the properties of nuc le i , i t i s found that the binding energy per nucleon in 6"t" 
condensed nuclear matter i s much larger than that in abnormal nuclear matter, at a 
density between the normal and abnormal nuclear dens i t i e s . Therefore, the abnormal 
nuclear s t a t e i s unstable againat the decay to O-*9condensed nuclear s t a t e . For 
example, i f we use the l inear dimension per nucleon r 0et.2049f™ and the binding 
energy per nucleon b0=15.677Hev of normal nuclear s ta te* ' as input, the corresponding 
quantit ies of abnormal nuclear atate are calculated to be 1.032ira and 1B.3nev, and 
those of G~-jf condensed nuclear s ta te are 1 .076fm and 35.BMev respec t ive ly . The 
condensed wavo value and wave number are a l so calculated to be i4=0«375m 0/g and 
q=0.59n»o r e s p e c t i v e l y , in which mQ i s the mass of nucleon in normal vacuum. Our 
calculated density and binding energy of abnormal nuclear matter are different from 
those o r i g i n a l l y publiahed by T. D- L e e " . This Is because that , in determining the 
parameters, we have used the f u l l ft"model Lagrangian with sinO breaking and the 
r a l a t i v i a t i c kinematics. 

1. F. Danty and E. H. Nyman Nucl. Phys. A2120979) 323. 
2 . V. D. Myers and W. J. Sviateckl Nucl. Phys. Bj_(ig66) i . 
3 . T. D. Lee Rev. Mod. Phys. 41(1975) 267. 
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COMPRESSION IN HEAVY ION HIGH ENERGY REACTIONS 

J .Meyer , R. S.Nahabetian, E. Elbaz 

Institut de Physique Nucleaire (and IN2P3) 
University Claude Bernard L.yon-1 

69622 Villeurbanne, France 

The relativiatic Rankine-Huguoniot equation has been solved as to 
give simultaneously the maximum compression and the temperature of 
nuclear matter which can be reached in a high energy heavy ion col l i s ion. 
This equation is built up here for an one-dimension plane shock wave ; we 
have used an equation of state of a Fermi gas with a Skyrme interaction 
which gives a reasonable value of the compress ion modulus of the infinite 
symmetr ic nuclear matter (K = 220 MeV for the J. Treiner and H. Krivine 
SKM Skyrme force used in this calculation). We have a l so investigated the 
possibi l i ty to have N* and A phases in the compressed zone behind the 
shock front. The figure shows our results concerning the maximum c o m 
press ion n / n (n = . 17 f m " 3 equilibrium dens i ty) reachable when two 
equal heavy ions collide versus the laboratory kinetic energy per nucleon. 
One can see that the 6(1232) resonance must be taken into account above 
300 M e V / A ; its main effect i s a quite strong d e c r e a s e of the n / " 0 rate. 
On the contrary, the inclusion of the other resonances up to 1 600 MeV 
g ives a very small effect only above 3 GeV/A . We have the same effect 
with the temperature ; for example, if we have not any effect of the 
resonances up to the n / n Q = 2 value, at n / n 0 = 3 we have a temperature 
value of 94 MeV without resonances , 70 MeV with A (1Z32) and 66 MeV 
with the resonances up to 1600 MeV. At n / n = 4 we have 184 MeV , 
108 MeV and 100 MeV respectively, which exhibits too a strong effect of 
the &(1232) resonance . 

r " 1 " - » -
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MICROSCOPIC CALCULATION OF FRICTION TENSORS INCLUDING MASS ASYMMETRY 
t t tt 

S. Yamaji, A. Iwamoto, K. Harada and S. Yoshida 
The Institute of Physical and Chemical Research, Wako, Saitama, Japan 
tjapan Atomic Energy Research Institute, Tokai, Ibarakl, Japan 
ttDepartment of Physics, Tohoku University, Sendai, Miyagi, Japan 

Using the two-center shell model on the basis of the linear response 
theory,1) a realistic calculation of friction tensors Y u v(u,v = R,6,n)was 
performed for the systems 6 3Cu + 1 9 7 A u and 1 ( 9Ar + 1 9 7 A u , to which the 
linear response theory seems to be more applicable than to the lighter 
system 2 0Ne + 2 8Sl. 2)The relative distance R, the deformation 6 of each 
nucleus and the mass asymmetry n are taken as the collective variables, 
where n is defined by (Ai-A2)/(Ai+A2) using the masses Aj and A 2 of both 
nuclei. The mass tensors m„y were approximated with hydrodynamical ones 
obtained by the use of the Werner-Wheeler A + A = 260 system 
method and Yukawa-plus-exponential poten- 1 2 
tial was taken as the nuclear potential 
in the same way as in Ref. 2. 

An example of the calculated fric
tion "ynn(R>6,n,T) and mass ranr|(R,6,n) 
is shown in the figure. The value of 
our microscopically calculated friction 
Y n n in the surface region is 30,000 to 
50,000 MeV-10 - 2 3 sec. This value seems 
to support the phenomenological value 
of 40,000 MeV-10 - 2 3 sec which is used 
in Ref. 3. In addition, we obtained 0 

the orders of magnitude of 10~ 2 and 10 
for the quantities Jm T"/Yn and 
|(32V/3n2)/(3V/3n)|, respectively. This 
seems to verify the validity of the 
assumption used in this reference that 
the acceleration term for n-degree can 
be neglected, i.e., I/m T/y (32V/3ift 
/<av/a„)|«i.. n n n n 

We are now solving the equation of 
motion for reactions 6 3Cu + 1 9 7 A u and 
M 0Ar + 1 9 7Au with full coupling terms, 
in which statistical fluctuations are 
also included. (b) m n OOprolon mass units-fm*) ' 

Fig. 1. Contour maps of (a) the 
friction YnnCR.S.l.T) for S = 0.4 
and T = 1.5 MeV and (b) the mass 
m n n(R,6,n) for 6 = 0.4 as functions 
of R and n. These quantities are 
drawn only within the restricted 
region where two nuclei overlap. 
The smearing width of 0.2-t[ii)o 
<&(*>„ = 6.63 MeV) is fixed for the 
friction. 

1) H. Hofmann and P.J. Siemens, Nucl. Phys. A275(1977) 464 
2) K. Sato, S. Yamaji, K. Harada and S. Yoshida, Z. Phys. A 290(1979) 149 
3) C. NgS and H. Hofmann Z. Phys. A 282 (1977) 83 
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EXACT SOLUTION OF DIRAC EQUATION AMD THE 1 CONDENSATION IN NUCLEAR MATTSR 

Zhang Ql-ren 

Department of Technical Physics 
Beijing University 

Beijing, China 

Dirac equations in the jr?=^>e ' /J2 f i e l d may be solved exact ly by l inear 
transformations* For example, the pseudoscalar coupling equation 

under the t r a n s f o r a t i o n . ^ * + £ * * . , - j i i M , V 

becomes (̂ •t+-m(»)M.=«u. , ^ = t + C ^ e - - r ) K . (4) 
the nucleons in this field behave as free pseudoparticles with pseud We see, that the nucleons in this field behave as free pseudoparticles with pseudo-

momentum 7£ The density of states is 

The distortion of distribution of states raises the average energy of nueleon. 
The re fore f it is impossible to develop the X condensation of this type under the 
pure pseudoscalar coupling* 

X-nucleon p wave interaction may be introduced by pseudovector coupling or 
chiral symmetry. Dirac equation with this interaction has exact solution similar 
to (2)-(4). But the effective mass of paeudoparticles now is decreased to 

n'aB/J^Sy, (6) 
in which f is the p wave coupling constant and rax is the mass of 7. mesons. It Is 
this effect, which made the n. condensation possible. Summing the energy of nucleona 
exactly, an analytic expression of the coefficient of polarization has been obtained, 
from which we can discuss the Ji condensation in isotopically symmetric nuclear 
matter. 

Considering the effect of nucleonic repulsive core by the Van der Waal3 approxi
mation, a critical radius r c c of repulsive core is found. If the actual radius r e 

of repulsive core is larger than r c c , -jt condensation becomes impossible. Using the 
empirical value of vacuum p wave coupling constant: fx/4x;=0.0Bl. r c e is found to be 
0.44fm, which is smaller than the r e of most nuclear forces. It means, if we fix the 
p wave coupling conatant to be it's vacuum value, the 71 condensation may be completely 
suppressed by the repulsive core. Another method of consideration on the correlation 
between nucleons leads to similar result* Parameters determined by current data of 
nuclei seemed to indicate 1', that the X. condensation in nuclear matter la practically 
impossible for a simple p wave coupling. 

But If ve consider the c* model seriously, a new aspect appears. As the nuclear 
density increases, the chiral symmetry restored more completely, the mass of nucleon 
decreases, and the p wave coupling "constant" increases according to the relation 
f-f 0m 0/m, in which, f 0 and m 0 are the vacuum values of f and m respectively. This 
effect, may overcomes the core suppression, so that made the .71 condensation realiz
able. Critical density of at condensation calculated from ̂  model, parameters of 
which are determined by the properties of nuclei 2), is about 1.3 times the normal 
nuclear density* 

Meyer-ter Vehn Proceeding of Symposium on Relativistic Heavy Ion Research 
iHfl. Darmstadt (1978 J 302. 

2. For example, V. D. Myers and tf. J. Swiateeki Hucl. Phys. &1(1966) 1. 

J. 
G3I. 
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PION CONDENSATION IN A THEORY CONSISTENT WITH 
BULK PROPERTIES OF NUCLEI* 

B. Banerjeet, N. K. Glendenning, and M. Gyulassy 

Nuclear Science Div is ion, Lawrence Berkeley Laboratory 
Berkeley, CA 94720 

Pion condensation has not previously been investigated in a theory that 
accounts fo r the known bulk properties of nuclear matter, i t s saturation 
energy and density and compressibi l i ty. We have formulated and solved se l f -
consistent ly, in the mean f i e l d approximation, a r e l a t i v i s t i c f i e l d theory 
that possesses a condensate solution and reproduces the correct bulk proper
t ies of nuclear matter. The theory i s solved i n i t s r e l a t i v i s t i ca l l y 
covan'ant form for a general class of space-time dependent pion condensates. 
Self-consistency and compatibi l i ty with bulk properties of nuclear matter 
turn out to be very stringent conditions on the existence and energy of the 
condensate, but they do allow a weak pion condensate to develop. I t i s 
encouraging, as concerns the possible existence of new phases of nuclear 
matter, that this is so, unlike the Lee-Wick density isomer, that appears to 
be incompatible with nuclear matter properties. 

Pion condensation in neutron stars is an important mechanism affect ing 
strongly the i r rate of cooling. We also apply this self-consistent theory 
to study pion condensation in asymmetric nuclear matter, subject to the 
constraints of the known bulk properties. 

This work was supported by the Division of Nuclear Physics of the U. S. 
Department of Energy under contract No. W-7405-eng-48. 
Present address: Tata Ins t i tu te of Fundamental Research, Bombay 400 005, 

India. 
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NONLINEAR MESONIC SOLUTIONS IN THE LEE-WICK MODEL 

H. Kroger , 
Oak Ridge National Laboratory 

Oak Ridge. Tennessee 37830 
In order to study effects of highly compressed nuclear matter, Lee and 

Wick 1) in their original model applied the average field method and the 
Thomas-Fermi model to solve the coupled equations for the mesonic field <f> and 
the nucleonic field i|t. 

* - U" (*) = g W (1) 

( Y u y m N + g $(x))<l< = 0 (2) 

We also average < # > and investigate (i) more detailed time-dependent 
solutions of the nonlinear eqn (1), and (ii) study the influence on the 
nucleonic field. For more than one dimension and a positive potential U(4>). 
Derrick's theorem2' denies the existence of nonsingular time-independent 
finite energy solutions except the ground state, (i) We construct classical 
time-dependent solutions of finite energy of the mesonic eqn (1). For 
U(<(>) = a** + b* 3 + c^1*, eqn (1) yields in momentum space a nonlinear integral 
equation, with $ having a pole on the energy shell u 4-k 2-2a = 0. The inte
gral equation for the residual X(tt,ia) = <t>(1T,w)(o)z-kz-Za) can be expanded near 
a given function Xg, putting X = Xg + n and introducing an order parameter X 
by b + Xb, c •+ Xc. Choosing a suitable starting function Xg with a finite 
mesonic Hamlltonian K-^fx,)), one can show that the iterative solution gives 
in each order of X a finite energy. Then, summing the powers of X by a Pade" 
series, iime% remains finite, (ii) For sufficiently high densities, the 
effective potential V(<f>) = u(4>) + 9 <#><(> of eqn (1) has a degenerate vacuum. 
We want to study the effect of a soliton solution $s of the type tgh(u vx M), with u u fixed, using a finite box as a model for heavy-ion collisions to give a finite energy. Inserting this solution, eqn (2) can be Lorentz transformed 
to 

h \ + M* s(t))^ = 0. (3) 

In momentum space eqn (3) has a pole at k 2 = 0. For the residue xflc.io) = 
(Y' K - Y 0 U ) • iJ/(k,o>) one finds an effective Lippmann-Schwinger-type^eguation for the frequencies with Ve"(u),u>") = M^gOu-a)') and G|"(k,ia) = (yk-Ynco)"1. 
In the Thomas-Fermi model energy densities can be calculated. Such calcula
tions are underway. 
NATO Fellow from Justus-Liebig-Universitat, Giessen, West Germany. 
Research sponsored by the Division of Basic Energy Sciences, U.S. Department 
of Energy, under contract W-7405-eng-26 with the Union Carbide Corporation. 
1. T. D. Lee and G. C. Wick, Phys. Rev. D9 (1974) 2291. 
Z. G. H. Derrick, 0. Math. Phys. 5. (1964T"l252. 
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COULOMB CORRECTIONS TO THE "SIMON" MODEL 
OF HIGH-ENERGY HEAVY-ION REACTIONS* 

C. C. Noack** and Y. Karant 
Lawrence Berkeley Laboratory, Berkeley, CA 94720 

Recently Coulomb effects have been shown̂ -) to be impor
tant in heavy-ion reactions even at energies above 250 MeV/A. 
This restricts the applicability of theoretical models such as 
microscopic multiple-scattering ("cascade") models, which 
otherwise give fairly accurate descriptions of most features of 
such reactions. 2»3,4) 

We have now included Coulomb corrections to the "SIMON" 
multiple-scattering model.*) Since Coulomb effects are 
essential only in the final stage of the nucleus-nucleus col
lision,!) w e have included them as a final-state interac
tion: at the end of the collision the individual trajectories 
of the outgoing protons in the combined (moving) Coulomb field 
of projectile and target residues and all other participant 
protons are calculated. 

The resulting proton distributions are compared to the 
experimental "summed-charge" distributions, rather than to the 
proton distribution itself, in order to partially take into 
account the production of composite particles (d,t,aetc), 
which cannot be calculated within the cascade model. There is 
a marked effect on the calculated ratio of neutron yield to 
proton yield, as seen in the experimental data. 
•Work supported by the Division of Nuclear Physics of the U. S. 
Department of Energy under contract W-7405-eng-48, and in part 
by a Fulbright travel grant. 
"Permanent address: Department of Physics, University of 
Bremen, D-2800 Bremen, F. R. Germany. 
1. M. Gyulassy and S. K. Kauffmann, Nucl. Phys. (to be 

published), LBL-10279. 
2. Y. Yariv and Z. Fraenkel, Phys. Rev. C ^0, 2227 (1979). 
3. J. Bondorf, et al.f Z. f. Physik 279, 385 (1976), and E. Halbert, to be published. 
4. C. C. Noack and W. Jaisli, Proc. Sympos. Relativ. Heavy-Ion 

Research, Darmstadt 1978 (GSI-P-5-78, p. 365), and to be 
published. 
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MEAN-FIELD CALCULATIONS OF THE MANY-BODY S-MATRIX 

Y. Alhassid, K. R. Sandhya Devi, and S. E. Koonin 

W. K. Kellogg Radia t ; jn Laboratory 
California I n s t i t u t e of Technology 

Pasadena, Ca l i fo rn ia 91125 
Although the TDHF method can describe inclusive aspects of heavy-ion col 

l i s i ons , i t has not been extended to spec i f i c react ion c ro s s - s ec t i ons . We 
have developed a mean-field approximation to the S-matrix for heavy-ion and 
atomic c o l l i s i o n s . The r e l a t i ve separat ion i s t reated semi -c lass i ca l ly and 
evolves through a Nevtonian equation i n which the force depends upon the in
t r i n s i c exc i t a t ion of the in terna l degrees of freedom. These, in turn, under
go a nonlinear time-nonlocal one-body evolut ion which a r i s e s from the s t a t i on 
ary-phase approximation to a func t iona l - in tegra l representa t ion of the in t e r 
ac t ion-p ic ture propagator. In p rac t i ca l terras, the method amounts to finding 
se l fcons is tent h i s t o r i e s of the coupled r e l a t i v e and i n t r i n s i c systems, which 
i s accomplished i t e r a t i v e l y by performing the equivalent of many TDHF calcula
t ions . Our scheme i s 
superior to previous a t 
tempts in tha t i t i s de
rived by systematic ap
proximations to an exact 
expression and r e s u l t s 
in an S-matrix which i s 
independent of the time 
a t which i t i s evaluated. 

As a t e s t of the one-
body approximation to the 
i n t r i n s i c evolut ion, we 
have applied our method 
to the forced Lipkin model. 
The influence of the r e l a 
t ive ion-ion motion i s 
simulated by a time-
dependent one-body poten
t i a l of the form)_exp(-E t ) 
( J x + J + J ) , J being the 
t o t a l quasi -spin operator , 
and e being the s i n g l e -
p a r t i c l e level spacing. 
The f igure shows the exact 
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Fig. 1: The moduli of the e x c i t a t i o n ampli
tudes | S n o l i n the forced Lipkin model: exact 
(x) and mean f i e ld approximation ( o ) . 

and. mean-field S-matrix elements, S n o , for the exci ta t ion of the n' th excited 
s t a t e from the ground s t a t e for a system of N = 30 fermions with coupling 
strength x = (H- 1) V/c = 0 .5 . 

We a re cu r ren t ly applying our scheme to more r e a l i s t i c models of atomic 
and nuclear r e a c t i o n s . E las t i c , i n e l a s t i c , and transfer c ross - sec t ions can 
a l l be calculated in a nonperturbative microscopic manner. 

£\ 
Supported in p a r t by the National Science Foundation [PHY77-21602 and 
FHY79-23638]. 
Chaim Weizmann Postdoctoral Fe l l ru . 
Alfred P. Sloan Foundation Fellow. 
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A NEW METHOD OF EVALUATING THE OSCILLATING AIRY FUNCTION, 
THE GAMMA FUNCTION AND KLEIN-GORDAN WAVEFUNCTIONS 

A.R. Barnett 
Department of Physics 
Schuster Laboratory 
Manchester M13 9PL 

England 
Airy functions are required, among many other uses, in the 

computation of the diffractive and rainbow scattering of heavy 
ions. Arising out of the methods described for calculating 
regular and irregular Coulomb functions of real argument and 
order1) a program to evaluate Bessel functions J v (x) and Yv(x) has been devised2), which enjoys the same advantages. The new 
program can be used to compute the Airy functions Ai(-x) and 
Bi(-x) and their derivatives in an effective and direct manner 
for |x| > 5. Below this value of |x|, because of the presence of 
the irregular solution YV 3, the procedure becomes inefficient, and so a direct, continued-fraction, solution is used which is 
extremely rapid. A discussion of the merits of different solu
tion techniques will be given. 

The same methods lead to an elegant and rapid method for 
evaluating r(l+») for -1.5 j v s 1.5 to extreme accuracy (30S on 
an IBM extended precision compiler), which will also be described. 
Klein-Gordan wavefunctions are readily available from the 
original program, RCWFN, and a new version with certain improve
ments will be described for these calculations. 
1. A.R. Barnett, D.H. Feng, J.H. Steed and L.J.B. Goldfarb, 

Comp. Phys. Commun. jJ (1974) 377 
2. Subroutine BESSJY: A.R. Barnett, submitted to Comp.Phys. 

Commun. 
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COMPOSITE PARTICLE EMISSION AND QUANTUM STATISTICAL THEORIES OF NUCLEAR 
REACTIONS 

H. Machner, U. Bechstedt, A. Djaloeis, P. Jahn, and C. Mayer-Boricke 

I ns t i t u t f i i r Kemphysik, 
Kernforschungsanlage Julich 
D-5170 Ju l i ch , W. Germany 

The emission of composite part ic les may originate from d i f ferent reaction 
modes: pro jec t i le fragmentation, preformed part ic le emission and combination 
of free nucleons into clusters. Models taking the th i rd mode in to account work 
remarkably well in describing inclusive Dart icle spectra in the energy range 
from some tens of MeV*) up to some GeV/A2-5) project i le energy. There are two 
theories for the formation of complex par t ic les : Composite part ic les are 
formed due to f i na l state interact ions') and a classical equi l ibr ium thermo
dynamic approach 4 ' 6 ) . The f i r s t theory assumes coalescence of nucleons into 
clusters i f the i r re lat ive momenta are less than a certain momentum P 0 . This 
value should be energy independent. The l a t t e r theory results in temperature 
dependent Po values. 

I t is the aim of this work to investigate the energy dependence of clus
ter emission thus having a tool to discriminate between both theories. There 
are already data from 400 MeV/A up to 2.1 GeV/A z 0Ne induced reactions 6) lea
ding to approximately constant P0 values. However, these values are derived 6) 
from folding experimental observed proton spectra but not, i f they were correc
ted for depletion due to complex par t ic le emission. This i s inconsistant with 
the formulation of the coalescence model which is based on the or ig inal d is
t r ibut ion of nucleons in momentum space. The way of taking the depletion into 
account might be erroneous due to pro jec t i le fragmentation. 

We therefore avoid to take experimental proton spectra as or iginal nuc
leon d is t r ibu t ions . In a recent approach i t has been shown that for low ener
gies the intermediate nucleon distr ibut ions can be calculated (exciton coales
cence model) 1). Me have measured 5 4 F e ( a > a > x ) reactions with 90, 120 andl60MeV 
bombarding energy. Data from ref . 7 are added and analyzed in terms of the 
exciton coalescence model. I t has been found necessary to take mult iple par
t i c l e emission during the non-equilibrium phase into account. The results are 
indicated as dots in the f igure. As already shown Pg values are s imi lar to the 
radi i of free clusters* 5) I sol i d l ine in the F ig . ) . The energy dependence of 
the thermodynamical model4) is also shown (dashed l ine) (normalized to the 
previous P 0 value at 79 MeV). 

1. H. Machner, Phys. Lett. 86B (1979) 129 
2. A. Schwarzschild and C. Tupancic, Phys. *so 

Rev. 129 (1963) 854 
3. H.H. Glitbrot e t a ! . , Phys. Rev. Let t . 

37 (1976) 667 
4. TCMekjian, Phys. Rev. C17 (1978) 1051 
5. R. Bond e t a l . , Phys. Lett . 71B (1977)43 J 350 
6. M.C. Lemaire et a l . , Phys. Le t t . 85B 

(1979) 38 
7. F.E. Bertrand and R.W. Peelle, 0RNL-4694 300 
8. H. Machner, Phys. Rev. C, in press 
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SCALING PHENOMENON IN RELATIVISTIC NUCLEUS-NUCLEUS COLLISIONS* 
Cheuk-Yin Wong Oak Ridge National Laboratory Oak Ridge, Tennessee 37830 

and 
R. Blankenbecler Stanford Linear Accelerator Ctr., Stanford Univ. 

Stanford, California 94305 
Recent experimental and theoretical studies of nucleus-nucleus collisions in the energy range of a few GeV per nucleon Indicate that the use of the Feynman scaling variable xp leads to scaling in some cases but no scaling in some others. It 1s desirable to look for new scaling variables so that the experimental data can be represented In a simpler manner and the underlying physics of the scaling phenomenon understood. 
In the reaction A(target) + B(projectile) + C+X, the two dominant processes of interest are the direct fragmentation and the hard-scattering process. In the direct projectile-fragmentation process, the subsystem c is emitted from the beam particle B without scattering, while the complementary partner interacts with the target nucleus A. The proper scaling variable for projectile fragmentation is 

_ C Q + C z 

*D = B + B, W 
0 Z 

where the letter symbol for a particle also stands for the four-vector of that particle. In the hard-scattering process, the target A and subsystem B emit subsystems a and b which scatter to produce particle C via the basic process ab-*Cd. The proper scaling variable is 

Y 2 +Vr4-bz(u-+4) 
u' + 4 

A „ + A 7 
B + B , A D 0 L 

(2) 

where y = £(d - a - u') and u" = (m A/m.-C) . The corresponding scaling 
variables for target fragmentation can be obtained by interchanging the role 
of target and projectile. The introduction of these scaling variables allows a simple representation of the experimental data. We find that there is XQ scaling for proton production and x^ scaling for pion production. As these scaling variables approach Feynman xp in the limit of very high energies, they can be considered the generalizations of the Feynman scaling variable for the case of weakly bound, but heavy, systems. 

Research jointly sponsored by the Division of Basic Energy Sciences, U.S. 
Department of Energy under contract W-7405-eng-26 with the Union Carbide 
Corporation, and by the U.S. Department of Energy under contract 
DE-AC03-76SF00515. 
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EFFECTIVE SCHRODINGER EQUATION OF THE OPTICAL MODEL 
FOR COLLISIONS BETWEEN COMPOSITE NUCLEI 

** 
A. Mondragon and E. Hernandez-Saldana 

Institute de Fisica 
Universidad Nacional Autonoma de Mexico 
Apdo. Postal 20-364, Mexico 20, D.F. 

An effective hamiltonian for elastic collisions between com
posite nuclei is obtained from the SchrOdinger equation of the 
complete many-body system and its fully antisymmetric wave func
tions by means of a projection operator technique. This effec
tive hamiltonian, defined in such a way that it has to reproduce 
the scattering amplitude in full detail, including exchange 
effects, is explicitly Galilean invariant. The effective inter
action operator is a function of the relative distance between 
the centers of mass of the colliding nuclei and the constants of 
the motion of the whole system. The interaction operator of the 
optical model is obtained next, requiring as usual, that it reprû  
duces the average over the energy of the scattering amplitude and 
keeping the Galilean invariance. The resulting optical potential 
operator has some terms identical to those obtained in the Reso
nating Group Method, and others coming from the elimination of 
all non-elastic channels and the delayed elastic scattering. This 
result makes the relation existing among the projection operator 
method a la Feshbach and the cluster model equations of motion 
for positive energies (RGM) explicit. The additional interaction 
terms due to the current loss in the elastic channel are non
local, and non-hermitean operators expressed in terms of the 
transition amplitudes and the density of states of the compound 
nucleus in such a way that an approximate evaluation in a 
systematic fashion, seems possible. The angular momentum de
pendence of the optical potential operator is discussed in some 
detail. 

* This work was supported in part by CONACYT (Mexico) through PNCB-0022. ** Consultant to Institute de Investigaciones Nucleares (MSxico) . 
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AVEREGED S-MATRIX FOR LIGHT HEAVY-ION FUSION REACTIONS 

T. Matsuse, A. Arima, T. Tsukamoto and S. M. Lee 

.Department of Physics, University of Tokyo, Hongo, Tokyo 113, Japan, 
.^Department of physics, Tohoku University, Sendai 980, Japan, 

Ins t i tu te of Physics, University of Tsukuba, Ibaraki 305, Japan 

In the l igh t heavy-ion reactions, the fusion cross section is determined 
by the measurement of the evaporation residues. Then the following picture can 
be va l id for understanding the fusion process. At f i r s t the heavy-ion scatter
ing state interacts with many complicated states of the compound nucleus. 
After the compound nucleus formation, the compound states decay to many ex i t 
channels. To formulate th is process, we use the scattering theory by Mahaux 
and WeidenmUller 1) in the case of no channel-channel coupling. After applying 
the s ta t i s t i ca l treatment to the original scattering matr ix, we get the 
fol lowing averaged scattering amplitude <S?T.\,> of entrance channel c for a 
tota l spin J . U L ' J 

< S ( I L ) J > = exp (2 i6 L ) [ ( l -P L ) + P ^ p f - w p ^ E * ) ^ ) ] 
where L and I are the angular momentum and channel spin of entrance channel. 
The ef fect of the barr ier penetration in contact distance region is expl ic
i t l y represented by the barr ier penetrabil i ty P. . 

To evaluate the part ia l width r^ , we take the picture that the compound 
system is disturbed by the incident channel and many ex i t channels in the 
range of energy A around the incident energy E . Then we get the following 
formula, , c m 

r«j = arv^Ajj /pj tEo+A) 
where v is constant. A, and A- denote the mass numbers of entrance channel. 
The exci tat ion energy E* of the compound nucleus is represented by E +Q, 
where Q is the threshold energy. 
For the level density formula p j (E*) , 
we use the one of Ref 2) . 
By the use of the averaged S-matrix, 
we can reproduce the general feature 
of the whole observed fusion cross £ 
section i n the l i gh t heavy-ion & 
reactions (A<80) as can be seen from 
the f i gu re . 

I t should be stressed that the 
s ta t i s t i ca l yrast l ine 3 ) can be 
in ter t re ted as a beginning of the 
strong absorption due to the EC ( 1* 
formation of the compound nucleus in 
the process of heavy-ion react ion. Calculated fusion cross sec t i on 

1? 1? 4f) 4(1 
for a) , £ C - C and H UCa- Ca systems. 
Data are taken from Ref 4). 

1). C. Mahaux and H. A. WeidenmUller, Shell-Model Approach to Nuclear Reactions 
(North-Holland, Amsterdam, 1969). 

2) . A. Bhor and B. R. Mottelson, Nuclear Structure, Vol 1 . (W.A.Benjamin, 1969). 
3) . S. M. Lee, T. Matsuse and A. Arima, accepted in Phys. Rev. Lett . 
4) . D. G. Kover, IPCR Prog. Rep. Suppl. 6, 18(1978). 

H. Doubre et a l . , Phys. Le t t . 78B_, 135(1978) 
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ANGULAR MOMENTUM FRACTIONATION IN HEAVY-ION REACTIONS 
R. P. Schmitt 

Cyclotron Institute, Texas ASM University, College Station, Texas 77B43 
In reactions induced by relatively light heavy ions, such as Ne, the 

gamma-ray multiplicity increases with increasing mass asymmetry, suggesting 
that the rigid rotation limit is achieved. In contrast, the gamma-ray 
multiplicity exhibits essentially no dependence on exit channel asymmetry in 
Kr-induced reactions. It has been suggested1) that this difference can 
be explained without abandoning the assumption of rigid rotation by assuming 
that there is an angular momentum fractionation along the mass asymmetry 
coordinate. 

This fractionation can be traced to two sources: (1) the angular 
momentum dependence of the potential energy versus mass asymmetry and (2) the 
angular momentum dependence of the lifetime of the intermediate complex. 
Both of these mechanisms have been explored using simple models. 

The potential energy versus mass asymmetry has been calculated using a 
quadratic approximation to the liquid drop energy. In the equilibrium 
limit, simple expressions have been obtained for the average angular momentum 
as a function of mass asymmetry. ) The extent to which the angular momentum 
is fractionated depends strongly on the assumptions made regarding the 
presence of competing decay modes such as neutron emission. In the absence 
of such processes, a pronounced fractionation effect is observed. The 
effect is weakened considerably in the presence of neutron competition. 

The fractionation caused by the angular momentum dependence of the 
lifetime of the complex has been explored using various solutions to the 
Fokker-Plank equation and estimates of the lifetime obtained from dynamical 
models. Even on a constant energy surface, angular momentum is strongly 
fractionated. Second moments calculated in this model are often substantially 
larger than those of a triangular distribution. Similar calculations have 
been performed using analytic solutions to the Fokker-Plank equation assuming 
a parabolic approximation to the liquid potential energy. 

1. M. M. Aleonard, G. J. Wozniak, P. Glassel, M. M. Deleplanque, R. M. 
Diamond, L. G. Moretto, R. P. Schmitt, and F. S. Stephens, Phys. Rev. 
Lett. 40_ (1978) 662. 

2. L. G. Moretto and R. P. Schmitt, Phys. Rev. C 21̂  (1980) 204. 
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INELASTIC EXCITATION AND THE OPTICAL POTENTIAL FOR HEAVY IONS + 

M. A. Franey and P. J. Ellis 

School of Physics and Astronomy 
University of Minnesota 

Minneapolis, Minnesota 55455 

For 68 MeV C scattering from Ca we have carried out coupled channel 
calculations using a "bare" optical potential U from Bond et al'' and 
standard derivativ couplings between the ground state and the various ex
cited states. We have then obtained, numerically, the polarization potential 
All, such that (U + AU) in a pure elastic scattering calculation gives the 
same cross section as the coupled channels result. In studies with a single 
excited level the AU are strongly H-dependent, but the coupled channel 
results can be quite well reproduced by an £-independent AU for which the 
surface partial waves are strongly weighted. We have studied the effect of 
including in addition to the 3.73 MeV 3" state ofJ"^Ca, Other low levels 
which are strong in the inelastic excitation of 1 3 C and ̂ °Ca, together with 
high lying levels it. both nuclei chosen to exhaust the energy weighted sum 
rule. The approximate 
s.-independent AU are 
shown for various sets of 
levels in the figure, to
gether with the bare po
tential U. As more 
levels are included the 
imaginary component AU^ 
becomes increasingly 
absorptive and scales 
approximately according j 

^sdspitf/Ejc, • fta V.m*i C 

where ftf? is the de
formation length. For 
the real part , the low 
levels give a Al l" which 
changes sign in the sur
face, but the higher 
states give an a t t rac t ive 
surface-peaked potential which is comparable to 
AUl in the important 8-9 fm region. We have con
sidered modifications of the bare potential so that 
(U' + AU") gives crudely similar cross sections to 
those obtained previously with U. This requires 
a strong reduction in the imaginary strength (from 
12 to 2 MeV) or less of a reduction in the strength together with a reduction 
in the imaqinary radius. 

This work was supported in part by the Nuclear Science Division of the 
U. S. Department of Energy. 

1 . P. D. Bond, M. J . LeVine and C. E. Thorn, Phys. Lett . 68B (1977) 327. 
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THE TIME-DEPENDENT CLUSTER MODEL 
E. Caurier, B. Grammaticos and T. Sami 

Laboratoire de Physique Thearique, CRN, 67037 Strasbourg-Cedex France 
The Time Dependent Hartree-Fock method has proven itself extremely useful 

in the description of heavy ion reactions'»2). In this method one evolves in 
time a set of single particle wave-functions. Spin and isospin degeneracy are 
current assumptions, but apart from this, the wave-functions are not restric
ted in any way. As a consequence one is led to quite lengthy calculations in
volving the discretized wave-functions on a three-dimensional mesh. An inte
resting alternative would be to parametrize the Hartree-Fock wave-function in 
terms of some simple parameters. The time dependent cluster model (TDCM) , sug
gested from the alpha-cluster model for light nuclei 3), is adequate, as it 
allows a particularly rich parametrization of the wave-function. 

In the TDCM approach the wave-function is written as 
-ff.-3.) 2/21.2 

<(> = detfe L J } 
where d. are complex time-dependent quantities describing the positions and 
raomentaJof the clusters. The equations of motion for the parameters 3 can be 
obtained from the variational principle applied on a parameter-dependent fa
mily of wave-functions 4). 

One obtains the following equations of motion : 

and 

J i l i S . . 3 d . / 3 t = 3E/3d. where E = 
j iJ J 1 

<3(f)/3d*I 34 /3d . > <?$/3d*|*><*l 3* /3d. -

|H|it>>/«}>l<j» 

<ij>|cj)> <<b|<b> 

H being the nuclear Hamiltonian. The treatment of finite range forces, both 
in the direct and exchange part, as well as of Coulomb interaction is feasi
ble. So the description of collision involving A nucleons is reduced to a set 
of classical-looking equations of mo
tion for 3A/4 complex parameters d.. 

As an application of the TDCM, 
we present some selected trajectories 
for a-a scattering at a laboratory ener
gy of 2 MeV per particle, at various 
angular momenta, obtained with the 
Brink-Boeker Bl interaction. In the 
figure we represent the trajectory of 
the center of one of the clusters. The 
results ressemble clearly to the TDHF 
ones. We obtain scattering for nearly 
central collisions, orbiting at higher 
impact parameters and Coulomb scatte
ring at still larger ones. Reactions 
between heavier systems are currently 
being investigated. 

U6rt 

L=4ri 

aa-a 

ELob/A=2MeV 

1. P. Bonche, S.E. Koonin, J.W. Negele, Phys. Rev. C\l_ (1976) 1226. 
2. P. Bonche, B. Grammaticos, S.E. Koonin, Phys. Rev. CT7 (1978) 1700. 
3. D.M. Brink, Rend, della Scuola " Enrico Fermi ", Varenna 1965, ed. 

Bloch (Academic Press, New York, 1966) p. 247. 
4. A.K. Kerman, S.E. Koonin, Ann. Phys. 100 (1976) 332. 
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TDHF STUDIES OF THE l e O + 9 3 N b REACTION AT ELab = 204 MeV* 

K.R. Sandhya Devi a), M.R. Strayer 0), K.T.R. Davies 0), andJ.M. Irvined> 

TDHF calculations are presented 1) for l e O + 9 3 N b collisions at a laboratory 
bombarding energy of 204 MeV. We employ an approximation in which the degrees of 
freedom perpendicular to the reaction plane are frozen in time. Oar calculations ex
hibit several interesting properties. In fig. 1 the outgoing kinetic energy of the deep 
inelastic fragments, as a function of the CM scattering angle, shows that the reaction 
yield is strongly peaked in the forward direction. Also in fig. 1 the mean angular 
momentum excited in the deep inelastic fragments is given as a function of the out
going kinetic energy. The triangles represent those trajectories near grazing while 
the circles represent those trajectories which are near head-on. The approximation 
that the perpendicular degrees of freedom are frozen in time requires that the mean 
angular momentum excited in the fragments must be aligned perpendicular to the 
reaction plane. 

In our calcu
lations we observe a 
large region of in
termediate angular 
momenta which lead 
to fusion. The lower _ 
(•{<) and upper (-t>) 
limits to the fusion 
region are £<= 33 
and -U..S 75. Thus 
there is a large 
region of angular 
momentum below 
the fusion limit 
which corresponds 
to strongly damped 
inelastic scattering. 
The angular momen
tum transfer shown in fig. 1 has a completely different dependence on the outgoing 
kint ic energy for the two different inelastic branches, corresponding to the partial 
and complete dampening in the two different regions. We conclude that a measure
ment of the angular momentum excited in the deep inelastic fragments might provide 
experimental evidence for the existence of the inelastic branch below fusion. 

t Research sponsored jointly by the USDOE under contracts W-7405-eng-26, DE-
ACO2-76ERO3074 and by the NSF, Phys 77-21602, and by the SRC Daresbury Lab. 

a) Kellogg Radiation Laboratory, Cal Tech, Pasadena, California 91125 
b) Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 
c) Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tn. 37830 
d) Dept. of Theoretical Physics, Manchester University, Manchester, U. K. 
1) K. R. Sandhya Devi, M. R. Strayer, K. T. R. Davies, and J. M. Irvine, to be 

published 
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HOW DOES THE NUCLEUS-NUCLEUS POTENTIAL BEHAVE IN THE INNER REGION ? 
A. Tohsaki-Suzuki, M. Kamimura* and K. Ikeda** 

Faculty of Textile Sience and Technology, Shinshu University, Ueda, 386, Japan 
•Department of Physics, Kyushu University, Fukuoka, 812, Japan 
••Department of Physics, Ni-igata University, Ni-igata, 950-21, Japan 

The relative motion between complex nuclei is successfully treated by the 
resonating group method (RGM) which takes full account of the Pauli principle. 
The solution of the relative wave function, in general, oscillates in the inner 
region due to the orthgonality to the forbidden states. Its qualitative 
feature can be well reproduced by the orthgonality condition model (OCM)l): 

/ I - K „ ( T ,+v -E ) S. rel eff cm (1) 
where K£ is the normalization kernel and v eff means an effective local potential. The wave function free from redundancy is also described by uj,. On the 
other hand, the RGM equation can be written by Mev 

/ : L - V T r e l + V G ° = Q . (2) 

200 

100 

where VQ is the direct (folding) potential and 
G t stands for non-local kernel due to nucleon-
exchanges between two colliding nuclei. 

In the case with a-a system, the result 
of Eq.(2) is reproduced fairly well even if 
Gj is neglected. The v eff in Eq.(l) can be, therefore, substituted by v D. On contrary, the 
1 6 0 - 1 6 0 potential v eff for the lowest band shows a striking core of 250 MeV height in the inner 
region (fig. ). In this case, the Volkov No.2 
force^) with the Majorana exchange mixture m= 
0.65 is adopted for two-nucleon force, which 
reproduces the separation energy of 1 6 0 from 
3 Z S . The repulsion disappears around the outer
most nodal point of inner oscillation from where 
vef£ shows a shallow attraction. The v e £ j with strong repulsion in the region where the forbidden 
states exist thus allows us to take a local 
potential picture without the orthgonal condition. 
The reduction of the strength of the repulsion or 
the increase of the depth of the attractive part 
is necessary in order to simulate the RGM phase 
shifts. This repulsion may be related to the fact 
that the 1 6 0 - 1 6 0 configuration belongs to the 
continuum state of 3 2 S . 

The property of Z 0 N e as a fused compact 
nucleus strongly influences the a- 1 60 interaction for the lowest band. The a-
l 6 0 configuration describes fairly well the ground state ofz°Ne. This guaran
tee has been made in the repulsive effect around the surface region 3). This 
role pulls a-cluster inside the contact distance, giving a largr overlapping 
between a and 1 6 0 . The inner repulsion does not exist. 

In conclusion, the heavy nucleus-nucleus potential behaves like a repul
sion with energy-dependency. On contrary, the potential between light nuclei 
is related to the structure of low-lying state of a fused compact nucleus. 
DS.Saito, Prog.Theor.Phys.40(*68),893,41_('69),705; 2)A.V.Volkov, Nucl.Phys. 
24('65),33; 3)T.Matsuse et al. Prog.Theor.Phys.53('75),706. 
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TDHF CADCULATIONS FOR THE 1 3 6 X e + 2 0 9 B i REACTION 

A.K. Dhar*, B.S. N i l s s o n * * and K.T.R. Dav ies*** 

* Daresbury laboratory, Warrington, U.K. and Niels Bohr Institute, 
Copenhagen. 

** Niels Bohr Institute, Copenhagen and Daresbury laboratory. 
*** Oak-Ridge National Laboratory, Tennessee 37830, U.S.A. 

Axially-symmetric time-dependent Hartree-Fock calculations with non-
degenerate proton and neutron states, have been performed for the study of 
1 3 6 X e + 2 u 9 B i reactions at E = 1130 MeV. The effective interaction used in 
the calculations consists of tne direct and exchange contributions of the 
Coulomb interaction and a non local finite range Skyrme force. A dynamical 
generalization of the filling approximation has been considered to obtain 
spherical HF ground states of the reacting ions. The calculations have been 
performed for a series of relative orbital angular momenta corresponding to 
L = 0, 50 », 100 11, 150 Ti, 200 "h, 300 n, 350 ti, 400 11, 450 11, 500 H and 550 H. 
In cc oaring with the Wilczynski Plot (fig. 1) we note that the experimental 
ridge develops near 6 =50" and extends down in energy almost parallel to 
TKE axis with the distribution broadening with energy loss and tending to 
forward angles. Although the TDHF results reproduce fairly the energy and 

angle in the grazing region, the ridge 
is reproduced within about 5-10° and 
is indicative of sideways peaking and 
finally turning to more backward 
angles for small impact parameters. 
Some of these differences may in part 
be due to the imposed axial symmetry 
constraint which restricts equilibra
tion into transverse degrees of freedom 
and inhibits totally angular momentum 
transfer between the reacting partners. 
For L = 100 h, we observe a three-body 
break up with an alpha-like emission 
from the neck at scission, while for 
L = 0, 50 h and 150 h a pronounced 
three-body behaviour is manifested but 
the system finally separates into only 

Fig. 1 two distinct fragments. Fig. 2 exhib
its the calculated deflection function 
in comparison to the Coulomb and the 
"experimental" deflection functions. 
At E = 900 MeV, 1000 MeV and 
1300 HeV, we do not see any fusion for 
the head-on collision between the 
reacting ions. 
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DIFFRACTION OR RAINBOW IN HEAVY-ION ELASTIC SCATTERING ? 
A. Jadraque, M. Lozano and G. Madurga 
Departamento de Fisica Atomica y Nuclear 

Universidad de Sevilla 
Sevilla 4- Spain 

The angular dependence of the differential cross section 
for heavy ion elastic scattering shows the typical pattern of a 
Fresnel diffraction in many cases. The steep boundary of the ab
sorptive region accounts for this. Alternatively the pattern can 
be explained as a Coulomb rainbow effect. We suggest that a com
parison between the strong absorption radius, R s a (distance of 
closet approach for the Rutherford trajectory corresponding to 
the orbital momentum with 50% absorption) and the Coulomb rain
bow radius, R r (same for orbital momentum leading to the rainbow 
angle under the real potential) can inform about the relative 
influence of absorption and refraction. 

Videbaek et al ') noted that for l 6 0 + l o a P b the "sensitive 
radius" (where different "best fit" potentials cross each other) 
increases and R s a decreases with increasing energy, the former 
being larger for laboratory energies above 90 MeV 
pair Vaz et al l) find R r > R £ 

than 90 MeV. 
We have investigated 

the energy dependence of R„ 11 

For the same 
for incident energies greater 

200 100 50 ElMeV) 20 

8 
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The figure displais only 
some of our results. Open 
symbols refer to R and 
black symbols to R_ a. We 
note that: 

- R decreases with in-
sa 

creasing energy. This is a 
well known feature; 

- R increases with in
creasing energy; 

- these effects are com
parable with, or even smal
ler than, the degree of inaccuracy with which the R 
determined due to the ambiguity of the optical potential or to 
the insufficienty of the data; 

- Eventually the lines R s a(E) and R r(E) will cross at a given 
energy which probably has a systematic monotonous dependence on 
z,z2. 
1) F . V i d e b a e k , R . B . G o l d s t e i n , L. G r o d z i n s , S.G. S t e a d m a n , T .A. 
B e l o t e and J . D . G a r r e t t , P h y s . R e v . C15 ( 1 9 7 7 ) 954 
2) L . C . Vaz, J . M . A l e x a n d e r and E.H. A u e r b a c h , P h y s . R e v . C l 8 
( 1 9 7 8 ) 820 

02 0.3 

and R a r e s a 
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GENERATOR-COORDINATE DESCRIPTION OP HEAVY-ION COLLISIONS 
WITH A SPIN-ORBIT FORCE 

b. Baye and N. Pecher 

Physique Theorique et Mathematique - CP 229 - University Libre de Bruxelles, 
Bd. du Triomphe - B 1050 Brussels, Belgium. 

The generator-coordinate method (GCM) or the equivalent resonating-group 
method provide a description of heavy-ion collisions where the antisymmetriza-
tion and the conservation of parity and angular momentum are exactly taken 
into account. Although computational reasons restrict the number of channels 
included in the model, useful informations about molecular resonances have 
been obtained for several collisions. However, the calculated energy location 
of resonances disagree with experiment for some systems involving open-shell 
nuclei. Moreover, in multichannel collisions, the GCM provides in general 
incorrect values for the different reaction thresholds, which may lead to 
unsatisfactory results *•*. This weakness of the model is due to the lack of 
free parameters. 

We are investigating the influence of the introduction in the GCM of the 
two-body spin-orbit force 

The use of a more elaborate nucleon-nucleon force should improve the physical 
content of the nucleus-nucleus interaction. Furthermore, the strength V and 
range p of the spin-orbit force can be considered as adjustable parameters. 
Instead of the usual LS coupling scheme, which is well adapted for central 
forces, the jj-coupling is used to define new GCM wave functions. Both bases 
are identical for collisions between closed-shell nuclei. In the jj-coupling , 
the number of selection rules between the non-orthogonal individual wave func
tions is reduced. The computation time severely increases. 

As an illustration, we briefly discuss the spin-orbit effects forOf+ C 
elastic scattering. For this system, the quantitative agreement with experi
ment is rather poor in the usual GCM description ^ . The expectation values of 
the spin-orbit operator ir 

are presented in the figure as a function of the generator coordinate R. The 
<J)T are GCM wave functions defined in the two-centre harmonic oscillator model 
projected on the total angular momentum J; E ^ , is the 1 Z C internal spin-orbit 
energy. The ratio V^a t V K 5 d o e s n o t d ePend on V and is nearly independent 
on (J 2>. The different V^£ can be interpreted as nucleus-nucleus spin-orbit 
interactions. The J-dependent Of + 1 2 c 
interaction appears to be essentially 
repulsive . The strongest repulsion is 
obtained for J = 0. The spin-orbit re
pulsion is weaker for higher partial 
waves and all the curves become very 
similar beyond J = 4. Qualitatively, 
these effects seem to correct the 
defects observed in the GCM calcula
tion of ref. 1). We thus believe that 
non-central forces can improve the mi
croscopic description of heavy-ion 
scattering. 

1. M. Libert-Heinemann, D. Baye and 
P.-H. Heenen, Nucl.Phys., in press 

2. Y.C. Tang, M. LeMere and D.R. 
Thompson, Phys. Rep. C47_ (1978)167. 
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TDHF FUSION EXCITATION FUNCTIONS FOB 
1 6 Q + 2 7 A 1 A N D 1 6 Q + 2 4 M g T 

K.H. Sandhya Devi a ) , A. Dhar 0), J. Owen c), andM.R. Strayer*1) 

TDHF calculations 1 of fusion excitation functions have been carried out for 
the 16o + 27AI and l e O + 2 4 M g systems. We have employed the 2-dimensional 
frozen approximation using the full Skryme force with finite-range extensions and 
separate neutron and proton orbitals. The comparison with experimental data is 
shown in fig. I together with a plot of the angular momenta contributing to the fusion 
cross section in the shape cut-off approximation. One should note the onset of a 
sharply increasing angular momentum window beginning at about E ^ a 100 MeV and 
a subsequent decreasing fusion cross section for energies between 100 and 200 MeV. 
Similar agreement between theory and experiment i s obtained for the l e O + 2 4 M g 
reaction shown in fig. 2. 
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t Supported in part by the U. S. Department of Energy under contract DE-AC02-
ERO3074, by the NSF, Phy 77-21602, and by the SRC Daresbury Laboratory 

a) Kellogg Radiation Laboratory, CalTech, Pasadena, California 91125 
b) SRC Daresbury Laboratory, Warrington WA4 4AD, United Kingdom 
c) Dept. of Theoretical Physics, Manchester University, Manchester, U.K. 
d) Wright Nuclear Structure Laboratory and Dept. of Physics, Yale University, 

New Haven, Ct. 06511 
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APPLICATION OF GENERALIZED FRESNEL MODEL TO THE ELASTIC 
SCATTERING OP 32s ON ^°<Si AT Eiafc-130 MeV 
J. Kuzmiriski, M. Siemaszko and L. Jarczyk 

Institute of Physics, Silesian University, Katowice, Poland 
Recently a simple generalization of the widely used Fresnel 

model to the collision of heavy ions has been proposed 1). 
The ratio a(0)/ok(0) of the differential elastic scattering cross 
section to the Rutherford cross section is given 'by 

G(0) _ ri+1/2[(1/2-Cf+(1/2-Sf]F2
+(C+S-1)F/ 0«0 R 

crR(9) •{ 1/21(1/2-C)2

+(1/2-S)a]F2, 920R 

where OR corresponds to the angle a t which G(0)/Gfc(6)= 1/4 ,C andS 
are the Presnel in tegrals . The F function i s defined as 

F(oO = <x/sinha; a=rrA(0R-9). 
The A parameter describes the I - space diffuseness of the 
reflection function taken in the form 

n(l)=[1 + exp((l-A)/A)r1, 
where A=lg+1/2 and lg is the grazing angular momentum. The only 
one free parameter of this model it is A and it should be 
determined from the best fit to the experimental elastic scatte

ring angular distribution. 
The generalized Presnel model 

(GFM) gives a better description of 
heavy ion elastic scattering data 
and provides a simple method of total 
reaction cross section determination. 

We have applied GEM to the case 
of elastic scattering of 32s ions on 
50TI nuclei at Elab-130 MeV 2). 
Pig.1 shows a comparison of the expe
rimental angular distribution with 
predictions of GFM for different 
values of A parameter. The best 
fit corresponds to A - 3.2 . One 
can see that strong oscillations of 
calculated cross section presented 
in the simple Fresnel model(A * 0 in 
our case) are damped giving much 

• better agreement with the experimen-
•j tal data. Also the value of total 
reaction cross section C r calculated with GPM is practically the same as 

I those given by the optical model 
best fit ( see table in Pig. 1). 

Pig. 1. 

1. W. E. Prahn, Nucl. Phys. A302(1978)267. 
2. J. Barette et a l . , Z. FhyiIk~A274l 1975) 121. 
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POSSIBLE FORMATION OF MOLECULAR ORBITS 
IN THE SCATTERING OF 1 2 C ON 1 3 C 
W. von Oertzen and H. G. Bohlen 
Hahn-Meitner-Institut, Berlin 39 

H. Voit and W. Treu 
Erlangen-Ntirnberg Univ., Erlangen, Germany 

B. Imanishi 
Institute for Nuclear Study, Univ. of Tokyo, Tokyo 188 
The molecular-orbits formation of a neutron around the two 

centres of two x 2 C nuclei has been investigated in the scatter
ings of i 2 C on 13c. The molecular-orbits are assumed to be 
constructed at each point of r, the distance between two 1 2 C , 
from the shell model orbits of the valence neutron around each 
1 2C nucleus, that is, lpl/2, 2sl/2 and ld5/2 orbits. 

The characteristic molecular orbits (f^W" (r;R) (k;z-
component of the total angular momentum projected on the z-axis 
of the intrinsic rotating frame) are obtained in the plus parity 
(TT=+) of the total system. For example, one of these (p=l,K= 
1/2) takes at the grazing region the density distribution of 
the type of linear chain, 12c-n-l2c (see fig. 1). The remarkab
ly localized density-distributions are due to the mixing of the 
shell-model orbits of different parities, i.e., p- and sd shell 
orbits') . 

Big I. Fig 2. 

The states fjpKp mentioned above hardly suffer from the 
Colioris mixing interaction. This shows that the molecular 
orbits are not affected by the rotation of the intrinsic frame. 
Furthermore, it is shown that at low incident energies just 
above Coulomb barrier the neutron has the time enough to move 
the molecular orbits although they change their forms with the 
distance r during the collision. 

Numerical calculation shows that the inelastic cross sect
ion 13C(12C,12C)13C*(3.086MeV,l/2+) is contributed mainly from 
the TI=+ scattering, which is caused through the formation of the 
molecular orbits mentioned above. The angular distribution with 
the calculation (Fig. 2) agrees with the experiments fairly well 
and takes nearly symmectic form with respect to 90" reflecting 
the 1T=+ contribution to the cross section. This is the evidence 
of the existence of the molecular orbits studied here. 
1. B. Imanishi and W. von Oertzen, Phys. Lett. 87B (1979) 188. 
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DO NUCLEON-NUCLEON COLLISIONS DOMINATE PROTON-NUCLEUS AND NUCLEUS-NUCLEUS 

INTERACTIONS? 

R. M. DeVries, N. J. DiGiacomo, and J. C. Peng 

Los Alamos Scient i f ic Laboratory 
University of California 

Los Alamos, New Mexico 87545 
Perhaps the most interesting question in medium and high energy heavy-

ion physics centers on whether or not so called "exotic" effects are in fact 
observable. One way to address th is question is to compare the experimental 
parameters of heavy-ion col l is ions with microscopic calculations which are 
based on the assumption that only nucleon-nucleon col l is ions are involved. 
Deviations from such calculations could be taken as evidence for col lect ive 
or coherent e f fec ts . 

He are fol lowing this philosophy in a series of experiments and theoret
ical calculations. We start with measurements of the total reaction cross 
section, On, and calculations based on the optical l im i t of Glauber theory. 
Op the l e f t side of the figure we display aR(E) for proton col l is ions with 
' 6 0 and Z 0 °Pb. The dotted curves represent the simple Glauber calculations 
and involve only electron scattering densities and the nucleon-nucleon total 
cross sections. This 
f i rs t -order theory has 
been improved on by 
including (with no free 
parameters) t r ° effects 
of the Coulomb and real 
nuclear potent ia ls, ( 
Fermi motion and Pauli 
blocking. The resu l ts , 
shown as sol id l i nes , 
are in excellent agree
ment with the data from 
15 to 1000 MeV. Thus 
proton-nucleus col l is ions 
appear to be dominated 
by nucleon-nucleon c o l l i 
sions. 

The r ight side of 
the figure displays 
existing aR(E) data for two nucleus-nucleus cases (data points shown without 
error bars were derived from elast ic scattering data). The fact that oR(E) 
is s t i l l strongly energy dependent and resembles the proton-nucleus data 
suggests that the nucleon-nucleon effects also dominate. This is supported 
by the simple Glauber calculations (with Coulomb corrections) whitn reproduce 
the data quite we l l . However, the need for more data is clear. To th is end, 
we are in the process of measuring aR(E) for nucleus-nucleus systems using 
the attenuation method. We are also pursuing more rea l i s t i c calculations. 

Should further data also agree with these nucleon-nucleon based calcula
t ions, we w i l l be able to conclude that col lect ive processes certainly do not 
constitute a large part of the reaction cross section for heavy-ion collisions 
and the search for such effects w i l l have to center on more exclusive 
measurements with correspondingly smaller cross sections. 
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PRODUCTION OF PROTONS AND PIONS AT 180° IN HIGH ENERGY 
NUCLEUS-NUCLEUS COLLISIONS1" 

J.V. Geaga, S.A. Chessin, J.Y. Grossiord, J.W. Harris, D.L. Hendrie, 
L.S. Schroeder, R.N. Treuhaft and K. Van Bibber 

Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

Early investigations CI)of the production of high momentum particles at 
large backward angles in collisions involving nuclear targets have shown the 
predominance of the production of protons over pions. This is consistent 
with the suggestionW that these protons were present in the nucleus before 
the scattering and were ejected by the projectile. Theoretical models have 
recently been developed (2-4) which indicate the importance of direct frag
mentation processes in the production of protons at 180°. The production of 
pions at 180° is usually treated in a hard scattering mechanism. It is 
found that both mechanisms involve the presence of high momentum components 
in nuclei. As such, these differing physical mechanisms should give con
sistent pictures of high momentum distributions in nuclei. 

We are currently in the process of extracting structure functions of 
various nuclei using data of pion and proton spectra at 180°. The data is 
from an experiment we have performed using the full range of beams and 
energies available from the Bevalac facility. Early analysis of the pion 
data(5) showed results which are consistent with the hypothesis that the 
pions are produced in collisions involving high momentum tails in the nucleus 
or in collisions with clusters within the nucleus. Analysis of the proton 
data(6) has revealed behaviour indicative of limiting target fragmentation. 
The limiting shapes of the proton data also indicate the presence of nuclear 
correlations. These protons at 180°, in a direct fragmentation picture, 
potentially carry direct information of the nuclear wavefunction. The 
results of these analyses and extraction of structure functions will be 
presented. Comparison with results of other hard scattering mechanisms will 
also be presented. 

+This work was supported in part by the Division of Nuclear Physics of the 
Office of High Energy and Nuclear Physics of the U.S.Dept. of Energy. 

1. A.M. Baldin, Joint Institute for Nuclear Research report El-12031 
(1978) p.11. 

2. M.I. Strikman and L.L. Frankfurt, Sov. J. Nucl. Phys. 29, 246 (1979). 
3. C.Y. Wong, Private communication. 
4. T. Yukawa and S. Furui, Phys. Rev. C 20, 2316 (1979). 
5. L. S. Schroeder et al., Phys. Rev. Lett. 43, 1787 (1979). 
6. J. V. Geaga et al, LBL 10265 (1980). 
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REACTION DEPENDENCE OF NUCTERR DECAY LMEWIDTHS 

D. Overway, F.D. Becchett i and J . Janecke 

Dept. of Phys ics , Univ. of Michigan, Ann Arbor, MI 48109 

The presence of a r e a c t i o n product i n the v i c i n i t y of a decaying nucleus 
may introduce i n t e r a c t i o n s which can af fec t the apparent l i fe t ime (width) of 
a nuclear l eve l , g i an t resonance, e t c . An apparent e f f ec t was found by Berko-
w i t z 1 ) who proposed t h a t (I"""1 - r ~ 1 ) should be propor t iona l t o t he r e a c t i o n 
time fa V 1 , ) . Such an e f f e c t should have increased importance with heavy ions . • (a v • ) . Such an e f f e c t should have increased importance with heavy ions , 

previous systematic inves t iga t ions 1 ' Z ) have been l imited t o study of 
(2+) 
We have 

onploying mostly light-ion 
ive studied 8Be and 1 6 0 * at 

reactions E £ 20 MeV. 
at BNL and elsewhere using LI and HI 

reactions, E >20 MeV. The differences (I™1 - T"1) for IJo* versus v e l are 
shown in fig. 1. Similar results were obtaineS for °Be. Although the r 
differ slightly (+ 20 %) between certain reactions there is no obvious de
pendence on v-p-i in agreement with ref. 2 ) , The data were subsequently ana
lyzed with spectral functions of the form J ) : N(E) = p (E) [A-ffl (E) ] where 
p(E) is a 3-body phase space term, A is background, and B(E) is a resonance 
line shape with T(E) = 2y2p(E). 

Such a fit is shown in fig. 2. The differences in r noted in fig. 1 are 
now reduced owing to the more realistic spectral shape employed. As noted 
previously 3 ' 4 ) the 3-body phase space alone and/or coherent interference 
can produce distortions (ghost states) near decay thresholds. Here, only 
9Be(p,d) and 9Be(d,t) clearly exhibit this effect (fig. 2). Such "bumps" 
may be expected near any decay threshold, however. 

+Supported in part by the NSF (Grant PHY78-07754). BNL is operated by the DDE. 
1. E.H. Berkowitz, Nucl. Phys. 60 (1964) 555 
2. F. Nusslin et al., Nucl. Phys. A213 (1969) 300 
3. R.J. Slobidrian, Hep. Prog. Phys. 34 (1971) 175 
4 F.C. Barker et al., Nucl. Phys. 38 (1962) 33; Aust. J. Phys. 29 (1976) 245 
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SOLUTION OF THE TIME-DEPENDENT SCHRODINGER EQUATION IN A LIMITED 
SUBSPACEt 

H. Schultheis and R. Schultheis 
Institut fur Theoretische Physik 

Universitat Tubingen 
D-7400 Tubingen, W. Germany 

A.B. Volkov 
Department of Physics 
McMaster University 

"" Hamilton, Ontario, Canada L8S 4M1 
The effort spent on the time-dependent Hartree-Fock de

scription of heavy-ion reactions has motivated us to study dif
ferent approximate solutions to the ordinary time-dependent 
Schrodinger equation. Numerical methods to solve the time-depen
dent Schrodinger equation are necessarily restricted to highly 
truncated subspaces of the total Hilbert spa<-e. The straightfor
ward method of truncating the exact Hamiltonian to the selected 
subspace and then solving the truncated problem is nonphysical. 
It leads to a time evolution that is unitary within the selected 
subspace whereas the true time evolution generally allows for a 
flux of probability out of a subspace. 

An alternative approximate solution in a limited subspace is 
based on a reformulation of the time-dependent Schrbdii.ger equa
tion as a second-order equation in time and projections, P and Q, 
onto the selected subspace and its orthogonal complement. This 
leads to the second-order subspace time-evolution equation 'for 
*p(t)NP*(t) ^ 2 ^ , ^ , 2 , = P H 2 p ^ p ( t ) ( l a ) 

with the initial conditions 
i|ip =i|>0 and i f t ( 3 / 3 t ) * p = PHPtpp (t=0) ( lb) 

The approximation consists here in neglecting the coupling terms 
with the Q space part of the wave function. This should be a rea
sonable approximation if the P space is chosen such that it con
tains the initial state. Although the subspace time-evolution in 
general allows for a flux of probability into the excluded space, 
it is completely defined and solvable within the selected subspa
ce once the subspace matrix elements of H and H^ are known. 

The degree of approximation achieved by solving eq.(l) has 
been studied in a number of examples including the Lipkin model, 
schematic Hamiltonians with parametrized matrix elements and a 
simple heavy ion model. It turns out1' that the second-order sub-
space time-evolution is in many cases much closer to the exact 
solution than the result of only truncating the Schrodinger equa
tion to the subspace. 
^Supported by the BMFT (Germany) and the NSERC (Canada). 
1. H. Schultheis, R. Schultheis, and A.B. Volkov, Phys. Lett. 

89 B (1980) 165 
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TDHF FUSION IN 8 6 K r + 1 3 » L a t 

.T .R. Davies*. K.H. Sandhya Devi**, andM.R. Strayer^ 

In the TDHF studies 1) of the 8 6 K r + 1 3 9 L a system we have observed new 
dynamical features, foremost among which is the existence of a fusion energy thresh
old. For heavy nuclear systems such thresholds are seen in macroscopic fluid 
dynamic calculations. There are two distinct regimes where fusion like behavior iB 
observed: a narrow energy region just above the Coulomb barrier at about E j ^ = 
410 MeV, and also for a broad band of energies from EJ^J, = 650 MeV to 850 MeV. 
The fusion behavior exhibited near the Coulomb barrier is significantly different from 
that seen at the higher energies. At E]jab = 4 1 0 M e V t n e coalesced shape resembles 
an asymmetric dumbbell, while in the higher energy regime we observe much more 
compact shapes. In the figure the rms radius of the system is given as a function of 
time for three laboratory bombarding energies. The energy Ekab = 505 MeV is 
intermediate between the two fusion regimes. In our calculations, the system is 
assumed to fuse if the rms radius undergoes several complete oscillations. Strictly 
speaking the 410 MeV configuration satisfies our definition of fusion since the radius 
undergoes several oscil
lations before separating 
at about 1 0 " 2 0 sec. We 
have followed the 800 MeV 
configuration for longer 
than 12 x 1 0 " 2 1 sec with no 
indication of separation. 
We conclude from our 
studies that the fusion 
behavior as a function of 
laboratory bombarding 
energy is more compli
cated than previously 
realized and that it would 
be interesting to investi
gate experimentally this 
system at 400 and 800 
MeV. 

70 P 
I I - I - I ' • 
J 505 M*V 

" i - 1 ! • • - 1 1 

76 

/ / J •• 
1 -

72 

"? 70 

/ / 
I 1 

\ 1 1 
1 f 1 
I / I 

410 M*V 
^ K r • l 3 3 L a " 

-

E 6 8 - !h~* L " W Y 
WV/~ «r ^ - T / ^ W " 

64 
r 

6 2 - i • 1 -J , , , 
0 1.0 3.0 50 70 

f (KTz,sec) 
90 MO 

t This work supported in part by the U. S. Department of Energy under contracts 
DE-ACO2-76ERO3074 and W-7405-eng-26, and by the NSF, PHY 78-11577 

* Physics Division, Oak Ridge National Lab., Oak Ridge, Tennessee 37830 
** Kellogg Radiation Laboratory, Cal Tech, Pasadena, California 91125 
t t Wright Nuclear Structure Lab., Yale Univ., New Haven, Ct. 0G511 
1) K.T.R. Davies, K.R. Sandhya Devi, and M.R. Strayer, Phys. Rev. Lett. 44 
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DO NUCLEON-NUCLEON COLLISIONS DOMINATE PROTON-NUCLEUS AND NUCLEUS-NUCLEUS 

INTERACTIONS? 

R. M. DeVries, N. J. DiGiacomo, and J. C. Peng 

Los Alamos Scientific Laboratory 
University of California 

Los Alamos, New Mexico 87545 
Perhaps the most interesting question in medium and high energy heavy-

ion physics centers on whether or not so called "exotic" effects are in fact 
observable. One way to address this question is to compare the experimental 
parameters of heavy-ion collisions with microscopic calculations which are 
based on the assumption that only nucleon-nucleon collisions are involved. 
Deviations from such calculations could be taken as evideine for collective 
or coherent effects. 

He are following this philosophy in a series of experiments and theoret
ical calculations. He start with measurements of the total reaction cross 
section, o R , and calculations based on the optical l imit of Glauber theory. 
Op the 1 eft side of the figure we display oR(E) for proton collisions with 

0 and '"°Pb. The dotted curves represent'the simple Glauber calculations 
and involve only electron scattering densities and the nucleon-nucleon total 
cross sections. This 
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first-order theory has 
been improved on by 
including (with no free £ 
parameters) the effects E 

of the Coulomb and real 
nuclear potentials, £ 
Fermi motion and Pauli 
blocking. The results, 
shown as solid lines, 
are in excellent agree
ment with the data from 
15 to 1000 MeV. Thus 
proton-nucleus collisions 
appear to be dominated 
by nucleon-nucleon col l i 
sions. 

The right side of 
the figure displays 
existing ° R (E) data for two nucleus-nucleus cases (data points shown without 
error bars were derived from elastic scattering data). The fact that OR(E) 
is s t i l l strongly energy dependent and resembles the proton-nucleus data 
suggests that the nucleon-nucleon effects also dominate. This is supported 
by the simple Glauber calculations (with Coulomb corrections) which reproduce 
the data quite well. However, the need for more data 1s clear. To this end, 
we are *n the process of measuring oR(E) for nucleus-nucleus systems using 
the attenuation method. We are also pursuing more realistic calculations. 

Should further data also agree with these nucleon-nucleon based calcula
tions, we will be able to conclude that collective processes certainly do not 
constitute a large part of the reaction cross section for heavy-ion collisions 
and the search for such effects will have to center on more exclusive 
measurements with correspondingly smaller cross sections. 

10 100 
Ec.m./n MeV 
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ON THE SYSTEMATICS OF HEAVY ION RESONANCES* 

Moshe Gai t 

Department of Physics, S. U. N.Y. , Stony Brook, New York 11794 

The previously reported^) correlation between resonance structures in the 
systems 1 6 0 + 2 0 N e 2 ) a n d l e O + 1 2 C 3 ) a p p e a r s to be a general property of heavy ion 
scattering resonances observed in the systems * C + * 2 C and **>0 + C, ^ O , "Ne, 
2 4 M g and 2 8 S i . The correlation between the intermediate width resonances observed 
in the inelastic scattering of °0 + C )and in the indicated inelastic or reaction 
channels of the other systems have been found to reflect a linear scaling of the center 
of mass energy in the entrance channel. 1) The scaling factor is indicated in paran-
thesis . In each system two structures in the excitation functions of different exit 
channels are pronounced (e.g. E c 

/16, 12 
( l e O + 2 4 Mg) = 27. 8 and 18.5 MeV). 
These pronounced structures in the dif
ferent systems are approximately cor
related by the linear scaling of E c . m , . 
The first structure is strongly observed 
in the elastic channel. If we apply the 
aforementioned scaling to the E c m 

fl6o + 1 2 C ) = 19. 7 resonance we find • 
resonances in the different systems ~ 

( l b O + ^C) = 19. 7 and 13. 7 MeV and E c . m . 

with E„ = 2.8 N„ and L = 2N„ 
where Na, the scaling factor, appears to 
be equal to A/4. Extending this obser
vation we would predict a series of 
resonances with b$t = 2 + and AEC_ m _ >» 
2.8 MeV. The corresponding "2+ 
quantum" is reminiscent of the 2 + state 
at 2.9 MeV in 8 Be. The breadth of this 
state (T= 1.5 MeV) is also very simi
lar to the width of these heavy ion res
onances. For the resonances which we suggest may be correlated with the E c - m 

( l6o+ 1 2 C ) = 13.7 MeV resonance we find J 1 7 = 8 + in four systems or a series of res
onances with AJ7r = 0 + and AEC. m . os 2.4 MeV. This "0 + quantum" Is very similar to 
the one observed in the binding energies of A = 4n nuclei. 4 ) It should be emphasized 
that this study is concentrated on selected well studied systems and on two pronounced 
resonances in each system. Many resonances were left out in this first attempt to 
obtain a general view of this resonance phenomena. 

Discussions with D. A. Bromley and F. Iachello are acknowledged. 

* Work supported by the Department of Energy and the National Science Foundation 
t Present address: Wright Nuclear Structure Lab., Yale U., New Haven, CT 06511 
1) M. Gai, BAPS 24 (1979) 843 and M. Gai, Proc. Int. Conf. on the Resonant Behav

ior of Heavy Ion SystemB, Greece, ed. G. Vourvopoulue (1980) 
2) M. Gai, G.M. Berkowitz, P. Braun-Munzinger, C M . Jachcinski, T.R. Renner, 

and C. D. Uhlhom, BAPS 24 (1979) 843 and M. Gai, Stony Brook Thesis (1980) 
3) R. E. Malmln, J.W. Harris and P. Paul, Phys. Rev. Clf[ (1978) 163 
4) M. Gai, contribution to this conference 
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EMPIRICAL FORMULA FOR THE BINDING ENERGIES OF A = 4n NUCLEI* 

Moshe Gait 

Department of Physics, SUNY, Stony Brook, New York 11794 

The regular behavior of the binding energies (B. E.) of 4n nuclei led Gamow 
(1930) to the assumption of an independent o-particle motion within light nuclei. The 
relationship between the number of o-part'.cles in the nucleus (NQ) and the o- particles 
B. E. s led Hafstad and Teller (1938) to the assumption of a saturated a- a interaction 
with hard repulsive core, such as the Van der Waals force (or Morse potential) be
tween atoms in a molecule. Hence in this model the nucleus is viewed as "polyatom
ic" nuclear molecule, namely the a-particles are "arranged" in a geometry that 
maximizes the number of a-a bonds. Thus, the B. E. of 4n nuclei is shown1) to arise 
from an assumed B. E. per bond times the total number of bonds. However, the 
nucleus 8Be is in contradiction to this empirical rule.*) This contradiction can be 
easily resolved by empirically writing the B. E. as: 

BEfN^ = N^Mfa) - M(Nff) = 3(Na - 2) x 2.4 MeV 
This linear relationship is shown in the attached fig-

ure for all measured B. E. of 4n nuclei up to 5 6Ni; of course 
this empirical formula includes 8Be in a trivial fashion as 
well as the factor of three which is inherent to the geo
metrical o-bond theory. *) The deviation of 2 0 Ne can be ex
plained in this geometrical model, too. 

With the advent of heavy ion accelerators and the 
study of the scattering of 4n nuclei, it has been suggested2)""" 
that nuclear molecular configurations are realized at high 
excitations. It is of value to check whether there is a 
connection between these old alpha particle molecular 
models1) and the new molecular models,2) thus providing 
a bridge between the structure of light nuclei and the heavy 
ion resonance phenomena. This search may require a 
larger amount of consistent data than is actually available 
today. However, the systematics study3) of available "• 
partial data may provide a hint of this possible connection. This empirical study3) 
suggests the occurrence of a "0 + quantum" at 2.4 MeV — precisely as in the formula 
for the binding energies of 4n nuclei. It is well known4) that B. E. s of even-even nu
clei are given in terms of 0 + fermion pairs. It will be interesting to examine the fun
damental aspects of this apparent connection between the B. E. s of 4n nuclei and the 
systematics of heavy ion resonances, especially since the a-a interaction is given by 
a Morse potential which >ields a strong S-wave interaction. 

• H a M a - H ( N s l 

* Supported by the U. S. Department of Energy and the National Science Foundation 
t Present address: Wright Nuclear Structure Lab., Yale U., New Haven, Ct. 06511 
1) J.M. Blatt and V. F. Weisskopf in "Theoretical Nuclear Physics" (John Wiley and 

Sons, 1952) p. 295 and references therein 
2) D.A. Bromley, Proc. Int. Conf. on the Resonant Behavior of Heavy Ion Systems, 

Demokritos, Greece, ed. G. Vourvopoulus (1980) 
3) M. Gai, contribution to this conference (1980) and M. Gai, as in reference 2 
4) I. Talmi, Nucl. Phys. A172 (1971) 1 
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C+'^C REACTION CROSS SECTION IN THE ENERGY RANGE OF THE QUASI-
MOLECULAR RESONANCES + 

W. Treu, P. Duck, H. Frohlich, W. Galster, and H. Voit 
Physikalisches Institut der Universitat Erlangen-Ntirnberg, 

Erlangen, W.-Germany 
One major problem for the determination of quasimolecular re

sonances is connected with the lack of criteria which allow to 
distinguish unambiguously between true resonances and nonresonant 
structures. This problem is in particular serious if data are ana
lyzed which (i) exhibit fluctuations or (ii) belong to an exit 
channel carrying only small fractions of the resonant flux. It is 
obvious that the total reaction cross section represents data 
without these shortcomings and thus should be in particular sui
ted for a resonance analysis. 

We have determined the 1 2 C + 1 2 Q reaction cross section for energies between 7 and 15MeV(c.m.) in order to find all 12c+'2c 
resonances which 
exist in this 
particular ener
gy range with a 
high degree of 
confidence. The 
reaction cross 
section was de
duced from care
fully measured 
elastic angular 
distributions 
(30 angles be
tween 8 c, m. =6 and 90° 'simul
taneously mea
sured) by apply
ing the sum of 
difference method 1) 

8* 

(mb) i i " • .,\'J '^-"SrV^i 1000-

, fir' W 

v i f " /* 
•**-, 

60(1- . 1 

*• J T "C»"C 
'*» 
r* 

200-

•—i 1 1 1 1 1 1 1 ' 7 8 9 10 11 12 13 Ec.m.(MeV) The figure shows "reac- Many narrow struc
tures are obviously superimposed on a smooth background. It turns 
out that all resonances found in the a-particle and ̂ Be exit chan
nels 2,3) show up in °reac a s well. This demonstrates that o c e a c is well suited for a resonance analysis. In addition several new 
resonances have been found for the first time in o r e a c . 

Since ° r eac has been measured in small energy steps (AE=25(ceV) it was possible to extract reliable values for the to
tal width r and the entrance channel width rc. it turns out that quite a few resonances carry a large fraction of the single par
ticle width. This can be interpreted as an indication of the qua
simolecular nature of the corresponding nuclear states. 
+ This work was supported by the Deutsche Forschungsgemeinschaft, 
Bonn, W.-Germany 

1. J.T. Holdeman and R.M. Thaler, Phys.Rev.Lett. \± (1965), 81 
2. H. Voit et al., Phys.Lett.^7B (1977), 399 
3. N.R. Fletcher et al., Phys.Rev. C13 (1976), 1173 
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"Far" and "Near" Decomposition of the scattering amplitude 
for Resonance Scattering between Light Heavy Ions 

N.Takigawa,E.Plagnol and C.Marty 
Tohoku University,Department of Physics,980 Sendai,Japan 
+Institut de Physique Nucleaire,91406 Orsay,France 
The angular distribution and the excitation function of the 

elastic scattering between a particle and nucleus and between 
light heavy ions sometimes exhibit characteristic resonance 
structures. The semiclassical theory of multi-turning point 
scattering problem1) clearly relates those resonance structures 
to the scattering mechanism and to the optical potential 
parameters. On the other hand,Fuller2) has shown that in some 
cases the diffraction pattern observed in the angular 
distribution is due to the interference between the so called 
far and near components of the scatterIng amplitude. 

In this work,we combine the semiclassical theory and 
Fuller's "far" and "near" decomposition of the scattering 
amplitude. As an example,we take the scattering between 0 and 
1 ZC at E = 43 MeV from an A-dependent absorptive potential. This 
system is known3) to have resonances with long life times. The 
figures represent logi0(do/d8) (solid line) for the so called internal wave cross section as well as the corresponding far ( 
dashed line) and near (dott-dashed line) components. Fig.A 
ignores the effect of multiple reflection of internal waves 
inside the potential well,while Fig.B takes this effect into 
account. 

We thus draw following conclusions:(1)each of the far and 
the near components causes a fairly smooth angular distribution, 
(2)the diffraction pattern in the internal wave angular distri
bution can be attributed to the interference between the near 
and the far components of the scattering amplitude,(3)the 
multiple reflection of the internal waves enhances both of the 
far and the near components over the whole angular region,(4) 
the enhancement 
of the "near" 
component is large, 
especially at 
forward angles,(5) 
due to this effect, 
the magnitudes of 
two components 
become equal at an 
intermediate angle, 
(6)this then gives 
rise to a deep 
interference 
minimum around that 
angle. 

•r of us* t«rf mtf mt 

l.D.M.Brink and N.Takigawa,Mucl.Phys.A279(1977)159. 
2.R.C.Fuller,Phys.Rev.12C(1975)1561. 
3.N.Takigawa,S.Y.Lee and C.Marty,Phys.Lett.76B(1978)187• 
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HEAVY-ION INDUCED TRANSFER REACTIONS ON CLOSED SHELL NUCLEI* 

J .F . Petersen, R.J. Ascuitto^, and E.A. Seglie^T 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

A large number of heavy-ion induced transfer reactions have been measured 
which have not been successfully described by existing distorted-wave treatments. 
Even for such classic situations as stripping onto a closed shell nucleus, calculated 
angular distributions are often too small at forward angles and the grazing peak is 
consistently overestimated. Calculations for neutron 
pickup reactions, however, are usually in agreement 
with data. It has been suggested that an explanation 
of these results may lie in the existence of shifts in 
valence nucleon energy levels which occur when the 
collision partners are in proximity. 1) The model in
volved calculates first-order, R-dependent energy 
shifts (AE) for both the initial (i) and final (f) states 
of the transferred nucleon. These shifts are in- — 
corporated into a distorted-wave Born approximation " 
(DWBA) calculations through a state-dependent cor- _E 
rection (AEf - AE,) to the exit-channel distorting g 
potential. The figure shows results for typical "£ 
reactions involving a 2 u 8 P b target; 2) the solid curves 1 3 

include both energy shifts (AE* - AE.) while the dotted 
curves are the conventional DWBA. Also shown are 
the effects of including individual energy shifts. Our 
calculations demonstrate that for the (^O, 15N) re
action, a particle-state centered around lead has a 
larger energy shift than that of the tightly bound 
lp i / 2 bole in oxygen. This implies a more attractive 
exit-channel distorting potential (|AE f | > | AEj |) 
and an enhanced forward angle scattering. Con
versely, the ( l e O , 1 7 C ) reaction has equally impor
tant shifts for both the hole-state in lead and the 
weakly bound l d 5 / 2 particle around oxygen. It is the near complete cancellation be
tween these shifts that explains the conventional DWBA's satisfactory fit to the 
neutron pickup data. Similar improvements have been obtained for other transitions 
in this system and for analogous reactions induced by 1 2 C on 2 0 8 P b . 

* Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
t Present address: Yale University School of Medicine 
f t Present address: Institute for Defense Analyses, Arlington, Va. 22202 
1) E.A. Selie, J .F . Petersen, and R.J. Ascuitto, Phys. Rev. Lett. 42 (1979) 956; 

for wavefunction changes see G. Delic, K. Preuss, L.A. Charlton and N.K. 
Glendenning, Phys. Lett. 69B_ (1977) 20 

2) Steven C. Pieper, M. H. MacFarlane, D. H. Gloeckner, D. G. Kovar, F. D. 
Becchetti, B.G. Harvey, D. L. Hendrie, H. Homeyer, J. Mahoney, F. Puhlhofer, 
W. von Oertze, and M. S. Zisman, Phys. Rev. C18 (1978) 180 
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COUPLED CHANNEL CALCULATIONS OF HEAVY ION INELASTIC SCATTERING 
WITH DWBA APPROXIMATION FOR COULOMB INTERACTION 

"Ge ( O 1 6 , O 1 6 ) 
E=5BMeV 
0.596MeV2+ 

Jacques Raynal 
Service de Physique Theorique - CEN - Saclay 

B.P.n°2 - 91190 Gif-sur-Yvette, France 
In coupled channel calculations of heavy ion inelastic scattering, the 

long range behaviour of the Coulomb interaction implies the use of very large 
matching radii and many partial waves. To lessen these difficulties, a recur
rence computation of M(H,K,R)7? = J™ r" 2H J,(r)K J l(r)dr, where H and K are regu
lar or irregular Coulomb functions,\as been set up in the codes ECIS78/ECIS79. 
Any integral M(H ,K jR)j[-j[i: can be expressed with four of these special inte
grals and the Coulomb functions at the point R. With these integrals, coupled 
channel equations can be solved in the DWBA approximation between R and infi
nity'), for every J value for which there can be interference between Coulomb 
and nuclear scattering. For larger J-values, integrals from the origin to 
infinity with regular Coulomb func
tions" are used to set up a reac
tance matrix. 

There must be some matching ra
dius R from which coupled channel 
effects matter no more. In cases 
where a matching radius larger than 
50fm proved to be necessary, we 
found that the nuclear matching 
radius in enough in this approach. 

We take as an example the ine
lastic scattering of ' 0 on '^Ge at 
56MeV for which results with R=30, 
50, 60fm were published . The second-
order vibrational model is used. 
The optical potential parameters 
are V=24.4, r=1.36, a=0.43 for the 
real part, W=36.6, r=1.27, a=0.42 
for the volume imaginary part, 
r=1.36 for the charge distribution ; 
the deformations are .234 for the 
nuclear potentials and .208 for 
the Coulomb one. The plain curve 
is the result obtained with the 20" w' 60* 60" 
Coulomb corrections at R=15fms ; 9c.m-
the dashed curve is the DWBA re
sult, which shows that coupled channel effects are mostly the nuclear ones. 
The other curves are conventional calculations with a matching radius at 40, 
60 and lOQfm respectively. Note the convergence of the conventional result 
to the plain curve except between 5° and 10° where the curve is sensitive to 
very high partial waves (400 to 600). 

C.C. R=15fm DW3A 
noCC. R»40fm 
no CC R *60 fm 
no C.C R =100fm 

REFERENCES 
1) J. Raynal, DPh-T/24/80. 
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ENERGY SKITS AND HEAVY-ION INELASTIC SCATTERING* 

R.J. Ascuittot, J. F. Petersen and E.A. Segliett 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

The conventional distorted-wave Born approximation (DWBA) treatment of 
heavy-ion induced inelastic scattering often fails to describe basic features of the 
experimental data. In particular, the Coulomb-nuclear interference minimum is 
improperly positioned and the cross section falls too slowly id large angles. Even 
an arbitrary variation of the nuclear deformation length (an ad-hoc procedure) cannot 
consistently improve fits to data. We have proposed 
a model which successfully explains both inelastic and 
transfer reactions by accounting for shifts in valence 
nucleon energy levels which result from the force in
troduced by the proximity of the colliding ions. J In 
lowest order, only the energy of a state is altered by 
the pertubation; there is no readjustment of the wave-
function (or the formfactor). ) Thus for inelastic exci
tations, this diabatic approximation yields an energy 
correction (non-diagonal in t) for the target nuclei's 
excited state which depends on the separation and 
relative orientation of the ions. ^ 

The solid curves in the figure demonstrate the f 
success of this approach for two inelastic excitations. ) ~ 
In these calculations the nuclear deformation length 5 
was chosen to be equal to the Coulomb value determined £ 
by measured electromagnetic transition rates. The 
conventional DWBA calculations are shown as dashed 
curves. The present model i s not meant to represent 
an exhaustive treatment of the energy shift phenomenon, 
but its evident success clearly demonstrates that this 
effect (long familiar for atomic scattering) must also 
be considered for heavy-ion nuclear reactions. 

* Work supported by D.O.E. Contract No. DE-ACO2-76ERO3074 
f Present address: Yale University School of Medicine 
t t Present addresB: Institute for Defense Analyses, 400 Army-Navy Dr. , Arlington, 

Va. 22202 
1) E.A. Seglie, J .F . Petersen and R.J. Ascuitto, Phys. Rev. Lett. 42 (1979) 956; 
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3) D.G. Kovar, W. Henning, B. Zeidman, Y. Eisen, J.R. Erskine, H.T. Fortune, 
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ERICSON FLUCTUATIONS IN PRE-EQUILIBRIUM REACTIONS 

W. A. Friedman, M. S. Hussein and K. W. McVoy 
Department of Physics 

University of Wisconsin-Madison 
Madison, Wisconsin 53706 

P. A. Mello 
Instituto de Fisica 

Universidad Nacional Autonoma de Mexico 
Mexico 20, DF, Mexico 

Both the Hauser-Feshbach expression for the cross section, and the 
Ericson expression for the auto-correlation function, must be generalized 
from their compound-nucleus forms in order to describe pre-compound reac
tions. We have found*) that the generalizations needed to describe the 
multi-step compound part of pre-equilibrium reactions can be obtained very 
simply provided that the pre-equilibrium flux arises from a sequence of 
"nested doorway" states [as in the exciton model]; i.e., from groups or 
classes of doorway states whose widths are arranged in the sequence 

r i > 5 > r 2 > = > ••• y > r N ' C 1 ) 

where the states in the Nth class are defined to be the actual fine-structure 
resonant eigenstates of the compound system. 

If a nested sequence, I , of energy-averaging intervals is interpolated 
between the I" 's, 

n r , » I » T , (2] 
n-1 n n ' 

it can be used to define a sequence of optical_ S-matri£es, ̂  = <S>j , in_ 
terms of which we can write S = Sj + X SJJ8, = Sj + (Sj-Sj) + + (S_-SJJ). 
Then defining (o£S')pCi = <UsJ^ Cc' I 2 > 1 \ ' w e a r e a b l e t 0 0 Dt a in t n e desired 
generalization or the auto-correlation function 

n 
It is a direct extension of Ericson's expression for. a single class (N=l), 
and is found to provide a convincing fit to recent data of Bonetti et al.2-' 

In like manner we find the fluctuation cross section to be 
£1 ? 

^cc^Ij = J j Xn,cc Xn,c'C + Xn,cC Xn,c'c ' ( 4 ) 

with X n c c . = (2TT/rnDn)% <Bqc)gqc'*>ln' w h e r e gg" } i s t h e partial-width 
amplitude for doorway q to decay into channel c. Since the Xns can be written explicitly in terms of the transmission matrices P„ and fn+i, Eq. (5) 
is a direct generalization of the 1-class Hauser-Feshbach formula. 

Supported in part by the Tinker Foundation, the U.S.-N.S.F., CNPq-Brazil, 
FAPESP-Brazil, CONACYT-Mexico and the I.N.I.N.-Mexico. 
1. M. S. Hussein and K. W. McVoy, Phys. Rev. Lett. 43 (1977) 1645; W. A. 

Friedman, M. S. Hussein, K. W. McVoy and P. A. MeTlo, to be published. 
2. R. Bonetti et al., Zeitsch. f. Physik, to be published. 
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EXCITATION FUNCTIONS OF THE 1 9 7 A u ( a , 2 n ) 1 9 9 U AND 1 9 7 A u ( a , 2 p ) 1 9 9 A u REACTIONS 
* 

0. Hashimoto, H. Hamagaki, H. Yonehara and Y. Shida 

Ins t i tu te fo r Nuclear Study, University of Tokyo, Tanashi-shi, Tokyo, Japan 
* Department of Physics, Hiroshima University, Hiroshima, Japan 

I t is well known that , in an a induced reaction, a high 
energy t a i l o f the excitation function can be explained in terms of pre-equi-
l ibr ium emission of part ic les. Although i t is possible that more than two 
particles be emitted with high energies, i t is very d i f f i c u l t to exclusively 
observe these processes because of small cross sections. Aiming to obtain 
informations to what extent two-fast-part ic le emission plays a role in a 
induced reactions, we have measured the excitat ion functions of two reactions; 
1 9 7 A u ( a , 2 n ) 1 9 9 n and 1 9 7 Au(c i ,2p) 1 9 9 Au. The Coulomb barr ier H O MeV for p) 
suppresses the proton emission in the evaporation stage and thus i t w i l l be 
possible to select out the process that two fast protons are emitted. 

A stack of Au fo i l s was bomb:.-de I by the 67 MeV a beam from the SF 
cyclotron at Ins t i tu te for Nuclear Study. The higher energies of 109 MeV 
and 118.5 MeV were also di l ivered from the RCNP cyclotron, Osaka Univ.. 

199. TJL ( t . The y fays fol lowing the decay of i*. n.-,,«-
199 ' 

7.42 hr) and Au ( t 1 / 2 =3 .13 d) were measured 
with use of a Low Energy Photon Spectrometer(LEPS). 2 L 

199 , 0 ^ 
Since both isotopes decay to Hg, we ident i f ied 
the mother isotopes by taking into account their 2 

E 10 
hal f - l ives and decay schemes. In contrast to ~ 

o 

the (a.Zn) reaction which peaks corresponding to z 
the compound reaction, the excitation function of w ' 
the (<x,2p) reaction increases monotonically and s 
becomes almost flat at higher energy than 70 MeV 
as shown in Fig. 1. The two excitation functions 
become close to each other at higher energy, but 
the (a,2n) reaction is still i4 times larger than 
the (a,2p) reaction at 120 MeV. The difference 
can be understood by considering the Q values and 
the Coulomb barrier for a proton. 
Reference 
[1] E.M. Lanzafame and M. Blann, Nucl. Phys. 

A142 (1970) 545. 

10 
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Fig. 1 
Excitation functions of 
the 1 9 7 A u ( a , 2 n ) 1 9 9 U 
and 1 9 7 Au(a ,2p) 1 9 9 Au 
reactions. The sol id l ine 
is the measured excitation 
function given in ref [ 1 ] . 

432 



STATISTICAL APPROACH TO TDHF-EXTEHSIONS 
P. Grange, G. Wolschin and H. A. Weidenmuller 

Max-Planck-Institut fur Kernpbysik 
and 

Institut fur Theoretische Physik der Universitat Heidelberg, 
F. R. Germany 

The time-dependent Hartree-Fock approximation') provides a one-body 
theory for the nuclear dynamics as long as the residual nucleon-nucleon 
interaction is negligible. In contrast to microscopic transport theories, 
TDHF may be used to identify the relevant collective variables from micros
copic input. With rising bombarding energy, hovever, the approximation breaks 
down because two-body collisions become increasingly important. This has been 
recognized in several analytical*) and numerical^) investigations of 
collision terms. 

We propose to use statistical assumptions on the matrix elements of 
the residual interaction V(t) = H - HjjF(t) to go beyond the TDHF approxi
mation. An investigation of the weak-coupling model 

with many-body states i, j, k, 1 yields for the average A-body density 
matrix ^(j^.... J5JJ ; •*>' ^'/i) t h e e4uation 

Due to the statistical averaging which causes a loss of phase memory this 
equation is no longer time-reversal invariant. The reduction to a one-body 
problem by tracing over (A-1) variables and using the statistical properties 
of the matrix elements of V between two-body states lepds to a natural 
termination of the hierarchy for O at the level of O3. The resulting equation 
for p^ is in its mean-field part comparable to the TDHF result whereas the 
incoherent contributions from the nucleon-nucleon residual interaction lead 
to the collision term. In the weak-coupling limit memory effects are absent 
and a numerical solution may be feasible. The limit is expected to be 
realistic for a suitable choice of the basis (e.g., the adiabatic basis) 
which is used to formulate the statistical assumptions. 

Present address: Department de Physique Nucleaire Theorique, Centre de 
Recherches Hucleaires, Strasbourg, France 
1. P. Bonche, S. E. Koonin, and J. W. Hegele, Phys. Rev. C13. (1976) 1226 
2. G. Mantzouranis and H. C. Pauli, Z. Physik A281 (1977) 1b5 

C. I. Wong and E. F. Tang, Phys. Rev. Lett. k0_ (1978) 1070 
H. Orland and R. Schaeffer, Z. Physik A290 (1978) 191 

3. J. Richert, D. M. Brink and H. A. Weidenmuller, Phys. Lett. 87B (1979) 6 
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A Time Dependent Formulation of Statistical Heavy Ion Collisions 
N.Takigawa,K.Niita,Y.Okuhara and S.Yoshida 

Tohoku University,Department of Physics,980 Sendai,Japan 
We have extended1) a semiclassical theory of heavy ion 

collisions2) to fully take account of the fluctuations of the 
relative motion around the classical trajectory and to explicitly 
treat both of the excitations of compound states of each frag
ment and of the prompt emission of light particles,i.e. the 
emission of light particles from a nucleus due to their 
collision with the moving wall created by the other nucleus. 

We start from the many body von Neumann equation. The 
principal features of the present theory are as follows:1)the 
intrinsic state is not approximated by the canonical 
distribution function,but is determined based on a von Neumann 
equation,2)the coupling hamiltonian is not necessarily assumed 
to be weak,3)the effect of Green functions which describe the 
multiple scattering of particles with the moving wall are taken 
into account. We have applied the theory to Deep Inelastic 
Collisions where the matrix elements of the coupling hamiltonia"h 
form a statistical ensemble. The present theory is thus 
intimately related to a work of Brink et.al.3). 

Based on the random coupling assumption, the time evolution of 
the intrinsic state is described by the coupled master equations, 
] U ( B ) (t) = I /* dT (K(t,T)) {g ( B ) <t)-0 ( B ) <t>) 
3t^mm ' n t 0 mmnn nn ' ' "mm 

- * r ™ < f c ' $£} <fc> + 4 * " f t d T Z „ Hmnlt'trtnV ( t > ' ( 1 ) 

Ti m mm Ti to ct ma act ._. 
and the corresponding equation for p(B)(t).in eq.(1),$ '(t) and 
K are the density operator of the intrinsic motion and the 
memory kernel,while {m} and {a} are the discrete compound states 
and the scattering states of a nucleus respectively. The first, 
the second and the third terms on the rhs of eq.(1) describe the 
heat up of the intrinsic state of nucleus by the energy supply 
from the relative motion,the emission of light particles and the 
feed back from the open channels respectively. The relative 
motion is described in terms of the Newton equation and a 
diffusion equation. Their structure is the same as the corre
sponding equations in the linear response theory(LRT)*). They 
are,however,modified in the sense l)-3) mentioned before. 

We derive following conclusions:(a)taking finite decay time 
of Green functions into account is vital to correctly estimate 
the time scales of the memory kernel,the response and the 
correlation functions,(b)the form factor of the Green functions 
differs in the limits of weak and strong coupling,and thus leads 
to different expressions of the friction tensor and to different 
fluctuation dissipation theorems in the two limits,(c)the Green 
function naturally gives rise to the cut-off time,which has been 
phenomenologically introduced in calculating the friction tensor 
based on LRT,(d)various Green functions can be related to each 
other,especially when the spreading width far dominates the 
escape width. 
l.N.Takigawa,K.Niita,Y.Okuhara and S.Yoshida,to be published. 
2.K.Hara,Proc.of Int.Conf.on Nuclear Structure,Tokyo,1977. 
3.D.M.Brink,J.Neto and H.A.Weidenmuller ,Phys .Lett•80B(1979)170. 
4.H.Hofmann and P.J.Siemens,Nucl.Phys.A275(1977)464• 
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ANGULAR KOMENTUK DYNAMICS PROBED BY EVAPORATED LIGHT PARTICLES 

IV.Baldo 

Istituto Nazionale di Fisica Nucleare, Sez. di Catania 
and 

The Niels Bohr Institute, Copenhagen. 

The evaporation of light particles fron heavy ion colli
sion products can be a source of informations not only on the 
nuclear states at high excitation energies and high angular 
momenta, but also on the nuclear collision dynamics itself. 

We present some theoretical calculations, obtained using 
a recently deviced Konte-Carlo code 1), which show such a pos
sibility. In particular we present calculations of i) Angular 
distributions of light particles in fusion reactions, ii) Anru-
lar distributions of fusion residues, iii) Angular correlations 
between light particles, iv) Light particle angular distribu
tions from partially polarized nuclei (with reference to deep 
inelastic collisions). 

In the figure we report the results of the calculation for 
the alpha-alpha angular correlation following the 2°Si + ?3$i 
fusion reaction. The figure shows the sensitivity of the corre
lation on the assumed spin population of the fused nucleus. Two 
detectors are supposed to be placed in a plane perpendicular to 
the beam direction. The correlation, as a function of the angle 
•^between the two detectors, is calculated for 60 KeV in the 
C.1P. and for the 2alphas-lproton decay, which is the only chan
nel involving two alphas (it feeds the residue 4?v). The full 
line is the result one gets assuming a "triangular distribu
tion" , while the dashed one corresponds to an initial spin po
pulation with a low angular momentum window. The conclusion one 
can draw from the figure 
is that it could be possi
ble to test experimentally 
the low angular momentum 
window, present in e.g. 
TDHP calculations, by al
pha-alpha correlation mea
surements. 

1. K.Baldo, Proc. E.Fermi 
School, Varenna 1979, to 
be published (Academic 
Press), ed. H.Broglia, 
R.A.Ricci and A.Winther. 
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MEAN FIELD THEORY AND STATISTICAL TREATMENT OF RESIDUAL INTERACTIONS 
S. Ayik 

Gesellschaft fur Schwerionenforschung (651) 
D-6100 Darmstadt, F.R. Germany 

The time-dependent Hartree-Fock theory is generalized in order to include 
two-body col l is ions. The density matrix g " J ( t ) of an interacting many-particle 
system (A part icles) can be considered as the sum of an uncorrelated part and 
a correlated part o t A ' ( t ) = p 0

£ A ' ( t ) + p ^ ' c o r f * ) - T n e uncorrelated part p n lA} 
= s A , p ' l ' ( l i t ) . - . p ^ H A . t ) is defined by the antirsymmetrized product of the 
one-particle density matrices p ( ' ) ( t ) . The res t r i c t i on of many-particle den
s i t y matrix to the uncorrelated part is equivalent to the single-determinantal 
description and eliminates the residual interact ions. In order to include the 
residual interactions in the equation of motion we use the Nakajima-Zwanzig 
projection formalism. This leads to a generalized equation for the one-particle 
density matrix . 

i|tp { l )(t) =£p ( l>(t) - i Jdt'Tr M t t . f J L . P o W t f ) } ^ * 1 ) 
to 

where £ and Li denote the Liouville operators corresponding to the mean field 
and the residual interactions, respectively and G(t,t') is a propagator ex
pressed in terms of the total Liouville operator L. The first term on the 
r.h.s of (1) describes the changes in the one-particle density matrix due to 
the mean field. The second term (collision term) describes the changes due to 
the residual interactions. The exact equation for p( ){t) provides a natural 
extension of the mean field theory and forms a basis for further approximations. 
He simplify this equation by introducing statistical properties of the residual 
interactions. In the limit where the mean free path A of the particles is lar
ger than the correlation length a of the residual interactions, X>>o , the col
lision term in (1) can be approximately evaluated. He consider the expansion 
of p( )(t) with respect to the eigenstates of the mean field Hamiltonian. As a 
result of the statistical approximation, the diagonal elements of the density 
matrix satisfy a master equation 1' 2). 

The expectation value of a many-body operator contains contributions due 
to the correlations which can not be described by the one-particle density ma
trix alone. In the present formalism an equation is obtained for the rate of 
change of the expectation value of an operator 0. 

A t 
Jk <0> = <=-iOC> - / dt^OLiGft.t'JLpo (2) 

*o 
which takes both the mean field and the correlations into account. Here, in the 
second term <...>g denotes the average over the uncorrelated density matrix. 
The structure of ("<!) is similar to the Langevin equation of statistical mechan
ics. The first term on the r.h.s. can be regarded as the generalized force 
arising from the mean field. The second term can be considered as the contri
butions to the rate of change of the expectation value arising from a fluctuat
ing force due to the residual interactions. The equation (2) can be used to 
calculate the mean value and the variances of the collective variables and the 
associated currents. It turns out that the correlations introduce fluctuations 
primarily into the current distributions, which eventually broaden the distri
butions of the corresponding collective variables like a diffusion process. 
1) C.Y. Wong and H.F. Tang, Phys. Rev. Lett. 40 (1978) 1070 
2) H. Orland and R. Schaeffer, Z. Physik A290~T1979) 191 
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INITIAL CORRELATIONS IN DISS1PATIVE COLLISIONS AND COMPOUND-NUCLEUS FORMATION 
W. Nbrenberg and C. Riedel 

Gesellschaft fur Schwerionenforschung (GSI) 
D-6100 Darmstadt, F.R. Germany 

During the fast approach ofthe nuclei the individual nucleons cannot follow 
the lowest possible (adiabatic) levels. The nucleonic wave functions stay es
sentially unchanged (conservation of number of nodes). Such a 'diabatic' be
haviour is encountered also for electrons in atom-atom collisions. The motion 
of nucleons on diabatic levels gives rise to a large potential energy in addi
tion to the adiabatic potential. The doorway configuration which is formed 
during the fast approach of the two nuclei can be considered as a highly cor
related state of (n particle, n hole)-excitations with respect to the adiaba-' 
tic configuration. This correlation is effectively lost by the decay via re
sidual interactions. The time which is necessary to obtain local statistical 
equilibrium between all excited states at a given shape, is denoted by x i o c and expected to be of the order 10" 2 1s. To take account of these initial cor
relations we have introduced a new concept in transport theories 1), the expli
citly time-dependent dynamical potential which decays with time constant T I O C from the initial diabatic value to the final adiabatic value. 

A Fokker-Planck equation including the dynamical potential has been ap
plied 1) to the compound nucleus z* 8Fm. In general, the total cross-section 
consists of three components. For 0<«.<zcrit or fccap there is compound-nucleus formation, for i_ r,t<i<i c a_ a slow component and for n Cap < l l < 8-gr the familiar 
fast component of dissipative collision exist. For Ar + Pb excitation func
tions for the capture cross-section o c a p have been calculated. For ocajfoUcrit) 
the capture is expected to lead to compound-nucleus formation. For small bom
barding energies the compound-nucleus formation is strongly suppressed. At 
higher bombarding energies a long-living component of dissipative collision 
occurs. The threshold for this component is well above the interaction barrier 
Vr. A significant dependence of the capture cross-section is roughly determin
ed by an energy-independent upper 1 imit &cap of relative angular momentum which 
depends on T-| 0 C. As a result of this, the capture cross-section exhibits a rather pronounced maximum as function of the bombarding energy. For more symmet
ric projectile-target combinations the depth of the pocket in the (adiabatic) 
potential is reduced and hence, the capture cross-section goes down corres
pondingly. Experimental evidence for the existence of the long-living dissi
pative component has been reported earlier'). 

We hope that the further study of excitation functions for various pro
jectile-target combinations will reveal more about the role of the dynamical 
potential and hence, about the peculiar interplay between single-particle and 
collective degrees of freedom in nuclei. Calculations including the dynamical 
treatment of deformations are in progress^). 
1) W. Norenberg and C. Riedel, Z. Physik A 290, 335 (1979) 

C. Riedel and W. Nbrenberg, to be published" (1980) 
2) H. Sann et al., GSI Annual Report 1977, GSI-J-1-78, p. 30 

B. Heusch et al., Z. Physik A 288, 391 (1978) 
C. Lebrun et al., Nucl. Phys. A~3"21, 207 (1979) 

3) C. Riedel, H. Yadav and W. Nbrenberg, to be published 
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NUCLEAR SPIN ALIGNMENT OF B PRODUCED IN 
HEAVY ION REACTIONS4- g 

N. Takahashi, K.H. Tanaka, Y. Miakef" Y. Nojiri 
T. Minamisono and *K. Sugimoto 
Laboratory of Nuclear Studies, 

Osaka University, Toyonaka, 560 Japan 
and 

*Institute for Nuclear Study 
University of Tokyo, Tanashi, 188 Japan 

From measurement of beta ray asymmetry, spin alignment as 
2 B q s (1^1+r T./2=20.: l reactions ( l ,N, l 2B) 

1. 
-o.i 
0.2 

\~ 
_«&$_% |OH=-

-+-_ -+-

well as polarization was determined for 
its, EBmax =l 3' 37MeV) , produced in heavy ion 
1 0 0Mo and 2 3 2Th. Products 1 2B were implanted in a magnesium 
single crystal, the c axis of which was parallel to the static 
magnetic field B 0 applied in the direction of the reaction normal. Splitting of magnetic 
substates in l 2 B g s was induced by the magnetic aipole and the 
electric quadrupole interactions. 
Rf transitions were induced bet
ween the selected magnetic sub-
states and the populations were 
interchanged. A set of resul
tant nuclear polarization was ob
tained from the ratio of beta ray 
counts in a pair of counter tele
scopes at 0° and 180° to B"0 . Thus, the original alignment A 
=l-3a0 and polarization P=a_-a-i were determined. Here, a m denote the original m state popul
ations. 

Observed alignment is shown, 
together with polarization1) as 
functions of ratio of energy loss 
Qgg-Q to Coulomb energy Vg, in 
Fig.l . The experimental 
values are approximately 1/10 of 
predictions of classical models; 
A=l, P=±l. This suggests that 
there are depolarization mech- Fig.l 
anisms, which populate m=0 state 
in the collision process. 

> 0.2 

IV 
-o.» 
-0 .1 
-0.3 
-0.4 

1 D < W V Z B I 

M S Thl"N. , z B) 

• > T 4 - -4-

I : 

&M-
» Ej(wNI «200MsV. 8 ^ 2 * 

126MeV. 2 ? 
90MoV. 2tf 

0 1 -0.1 I 

1 2 

Alignment A and polari
zation P of 1 2B. Sign of 
the polarization is positive, 
when parallel £o the reaction 

_________________ normal to kf xk^. 
"•"This work is partly supported by the Grant in Aid of Scientific 
Research and Toray Science and Technology grants. 

++Present address : Lawrence Berkeley Laboratory, Berkeley, 
California, 94720, U. S. A. 

1. N. Takahashi, K.H. Tanaka, Y. Miake, Y. Nojiri, T. Minamisono 
and K. Sugimoto, Proc. Int. Symp. on Continuum Spectra in 
Heavy Ion Reactions, San Antonio, 1979 
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EJECTILE POLARIZATION IN HEAVY-ION REACTIONS* 

W. Trautmann, VS. Dahme, W. Dunnweber, W. Hering, C. Lauterbach, H. Puchta 

Sektion Physik, Universitat Mflnchen, Garching, W. Germany 

W. Kuhn, J. p. Wurm 

Max-Planck-Institut fur Kernphysik, Heidelberg, w. Germany 
12 12 

The polarization of B (g.s.) ejectiles from (X, B).transfer reactions 
shows mainly features characteristic of one-step processes whereas, for 
similar reactions, the amount and orientation of the spin transferred to the 
heavy fragment supports a multi-step reaction mechanism which can be described 
by a friction model ' . Here we report on a measurement of the §R i n polariza
tion of excited projectile-like fragments from the reaction 0+ Nj>at 100 
MeV. For this case the heavy-fragment polarization is already known and 
serves as basis for a study of polarization correlations between the reaction 
partners. 

We have used a double-symmetric detector setup consisting of two heavy-
ion telescopes at ±35° in the reaction plane and two Y-ray polar imeters of the 
transmission type perpendicular to the reaction plane. We have determined the 
circular polarization of discrete y-ray lines from the ejectile deexcitation 
and of the underlying statistical continuum (E >3 MeV) due to the heavy-frag
ment decay as a function of Q. 

The results are shown in the figure,together with free (a) and f-ray co
incident (b) particle spectra. For the 0,3 -*0, transition (right hand side 
of c) we find a large polarization with values |p | up to 100% and the same 
sign as for the heavy fragments. This can be seen^from the polarization of the 
continuum (d). The situation is different in the transfer channel. Here the 
C{2 ) polarization decreases from P =40% at Q=-15 MeV to small negative 

values at,Q=-30 MeV (c, l.h.s.). This^Q dependence, familiar from (X, B) 
reactions and qualitatively understood in terms of Brink's kinematic condi
tions , seems to be a general phenomenon associated with the quasi-elastic 
transfer. The increase of Py towards positive values with further increasing 
energy loss is not connected with a transition from positive to negative 
scattering angles (c,d). It can be understood, however, if one assumes that 
the correlation between polarization and Q-
value established in the quasi-elastic region 
also holds in the deep-inelastic region. Since 
the same kinematic considerations are suffi
cient to also explain sign and magnitude of the 
0(3 ) polarization it seems that the ejec

tile excitation in these asymmetric systems 
can be treated as a one-step process irrespec
tive of the multi-step character of the associ
ated heavy fragment excitation. 

* supported in part by the BMFT 

1) M. Ishihara et al., Phys. Rev. Lett. 43_, 
111 (1979) 

2) C. Lauterbach et al., Phys. Rev. Lett. 
4\_, 1774 (1978) 

3) H. Puchta et al., Phys. Rev. Lett. 43, 
623 (1979) 

4) D. H. Brink, Phys. Lett. 40B, 37 (1972) 
"-60 -50 -40 -30 -20 -10 0-50 -40-30-3040 0 

Q (MeV) 

439 



BOUNCE-OFF EFFECTS IN RELATIVISTIC NUCLEAR COLLISIONS 
A. Baden, M. Freedman, H.H. Gutbrod, D.J. Henderson, K. Karadjev 

S.B. Kaufman, M. Maier, V. Manko, W.G. Meyer, J. Peter, 
H.G. Ritttr, E.P. Steinberg, H. Stelzer, A.I. Warwick, 

F. Weik, H. Wieman and B.D. Wilkins 
Argonne National Laboratory, Argonne, Illinois 60439, USA 

Gesellschaft fur Schwerionenforschung, Darmstadt, West Germany 
Lawrence Berkeley Laboratory, Berkeley, California 94720 USA 

University of Marburg, Marburg, West Germany 
Highly inelastic fragments have been observed at a 

laboratory scattering angle of 90° in coincidence with a spray 
of light fast particles centered at an azimuthal angle of 180° 
from the slow heavier fragment. This type of events have been 
observed in relativistic heavy ion reactions where Au was 
bombarded with a beam of 400 MeV/n 20N E # For the lighter slow 
fragments, Z=6, the azimuthal distribution of coincident fast 
particles appeacs nearly isotropic, but for slow fragments with 
Z>26 the 180° enhancement is clearly visible. A typical event 
in this later category might involve 12 fast particles 80% of 
which are emitted on the side of the beam opposite of the slow 
Z>26 fragment. This observed asymmetry in the coincident fast 
particles suggests conservation of momentum with the asymmetry 
being more pronounced for the heavier slow fragments which carry 
more momentum perpendicular to the beam (p̂  ) by virture of their 
mass. 

It is particularly interesting to understand the mechanism 
responsible for these reactions since EL can be quite large. 
Perpendicular momenta of 2 GeV/c have been measured for Z=26 
fragments- this is greater than can be transfered via a single 
nucleon-nucleus collision. Such high momentum transfer events, 
therefore, indicate a cooperative nuclear interaction mechanism 
between many nucleons of the projectile and the target. 
Furthermore, calculations using a nuclear fluid dynamics 
modell appear to reproduce this sort of phenomena. According 
to this model, at intermediate impact parameters the projectile 
is deflected due to high thermal and compressional pressures in 
the reaction zone. Following deflection the projectile 
explodes, giving rise to the observed spray of fast light 
particles. The target residue is than detected as the heavier 
fragment with a large p^. 

Measurements now in progress to explore this bounce-off 
effect further may test additional implications of the model 
(e.g. deflection function). In particular the current 
measurements extend the region of light fast fragment detection 
forward to smaller angles than our previous measurements. In 
the spirit of this model one expects less violent events with 
larger impact parameters to generate more forward peaked light 
particle distributions and, likewise, heavier, slower, target 
residues. 
1. H. Stocker, J.A. Maruhn, and W. Greiner, 

Z. Physik A £93, 173 (1979). 
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MICROSCOPIC CALCULATION OP VISCOSITY COEFFICIENT 
IN HEAVY NUCLEI 

Feng Ren-fa wu Xi-zhen Zhang Xi-zhen 
Zhuo Yi-zhong 

Institute of Atomic Energy 
Academia Sinlca, Beijing, China 

We present a realistic calculation of the viscosity coeffici
ents for from the ground equilibrium shape to the saddle 
point based on the linear response theory in which the single 
particle spectra and wave functions are provided by generalized 
Nilsson model. The dependence of viscosity coefficients T'J.J; 

Vr,* ' TJ^J; ' Tit ' Viz » Itt o n t h e collective va
riables Jl , £ , Jl is studied at various values of the nuclear 
temperature with the smearing width r =0.1%CO.. It is found that 
our results coincide with those of Nix's empirical parameters in 
their dynamic calculations of nuclear fission. 
Fig.1. shows the dependence of the viscosity coefficient "Y&& 

on it . 
Fig.2. shows the dependence of 

the viscosity coeffi
cients on at • 

Fig.3. shows the dependence of 
the viscosity coeffi
cients on <fi • 
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HIGH-MULTIPOLE ISOVECTOR MODES AND CHARGE FLUCTUATIONS IN 
HEAVY ION REACTIONS 

L.G. Moretto, C. R. Albiston and G. Mantzouranis 
Nuclear Science Division 

Lawrence Berkeley Laboratory 
Berkeley, Calif. 94720 
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The isobaric charge distribution of fragment 
inelastic scattering provides information regarding 
and quantal fluctuations of the axial 
component of the El mode associated 
with the intermediate complex.(1) 
There have been allegedly contradict
ory findings of small and lirge 
charge fluctuations at large and 
small asymmetries, respectively. 

In order to elucidate the role 
played by asymmetry and the higher-
order isovector modes, we propose a 
simple model in which the interme
diate complex is approximated by a 
cylinder split into two parts, and 
study its axial isoveotor modes. 

Using the Steinvedel-Jensen mo
del, we obtain the mode frequencies 
^ = k n u , where u is the isospin 
sound velocity and k n=( ir/2a)n, the 
wavenumber of the nth mode, is given 
by the boundary conditions of the 
mode wave functions en the cylinder. 
The potential energy as a function of 
the charge excess of one of the frag
ments yields the stiff..-iss constant 

c = ir2 X(A ) n ? 

n Z sin2[ mrof 
where X is the liquid drop symmetry energy coefficient and Q 
is the degree of symmetry. The stiffness constant for the 
lowest mode is compared to that obtained for two touching 
spheres using the liquid drop mass formula. 

In the limit of low temperature, the partial charge 
widths are given by a 2=fiun/2cn=a1

2 (symmetry) sin 2 [n itQJ/n and are 
plotted in the figure as a function of Q for the first few 
values of n. The contribution of the higher modes is 
comparable to that of the lowest one, and the partial widths 
of all the modes depend strongly on Q. At complete asymmetry 
(Q=0), all partial widths vanish. 

The total charge width 
o2=a2 (symmetry) E sin2[ rniQ] 

1 n n 
diverges logarithmically; however, the finite size of the 
nucleon sets on upper limit on n. 
1. L. G. Moretto, J. Sventek, G. Mantzouranis, 

Phys. Rev. Lett. j!2, 563 (1979). 
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SYSTEMATICS IN 3He OPTICAL POTENTIAL VOLUME INTEGRALS1"' 

H.-J. Trost, A. Schwarz, P. Lezoch and U. Strohbusch 

Zyklotronlabor 
I. Institut fUr Experimentalphysik 

Universitat Hamburg 
D-2000 Hamburg 50, Fed. Rep. of Germany 

The volume integral per interacting nucleon pair 
J R = (Ap-At.)-1 #/V(r) 4Trrzdr provides a tool for removing the dis
crete ambiguity in optical model analyses of composite projec
tile elastic scattering data. In the Watanabe model its value is 
determined via uniquely known nucleon-nucleus potentials. 

Recent analyses1' of 3He elastic scattering, however, indi
cate significantly lower magnitudes of J R( 3He) as compared to 
J R(p). For comparison, the figure displays as dashed curves the 
corresponding results for proton scattering2) (at E p=1/3E3jj e). 

We want to stress in particular the drastic change in the 
trend of J R(E) at E< 40 MeV for S 0 N i . This behavior- though 
qualitatively interpreted in terms of Pauli blocking, 3He-intrin-
sic motion and breakup 3' - is far from being understood quanti

tatively. The solid curves rep
resent cuts through the 3-
dimensional surface which 
approximates the values of 
J R(E,A) obtained from an ex
tended analysis of own and 
literature data. They show how 
the behavior of J R(E) at small 
energies gradually changes to 
the opposite trend from 5 B N i 
towards the lighter nuclei. 

> 
0) 
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500 
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t) Supported by the "Bundesministerium fur Forschung und 
Technologie" 

1) H.J. Trost et al., Nucl. Phys. (1980 ) in press and references 
2) J.P. Jeukenne et al. , Phys. Rev. 016(1977)80 therein 
3) C.J. Marchese et al., Phys. Rev. Lett. 29(1972)660 
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A PARITY DEPENDENT POTENTIAL MODEL APPLIED TO BACKWARD ANGLE ANOMALY 
IN INELASTIC a SCATTERING 

Shigeo Ohkubo 

Department of Applied Science, Kochi Women's University 
Kochi 780, Japan 

Backward angle anomaly appears in inelastic a scattering from calcium 
isotopes as well as in elastic one and has not been understood by the stand-
dard optical potential model[l,2]. We apply the parity dependent potential 
model[3] to the inelastic scattering. The experimental data of a+^°Ca, Ca, 

Ca and ^ 8Ca at E =24 and 29 MeV are systematically analyzed with the coupl
ed channel method. The vibrational form factor with a complex coupling is 
u s e d - 40 48 

Jig.l and Pig.2 show the calculated results for o+ Ca and a+ Ca res
pectively. While the standard optical model calculation(dotted lines) devi
ates from the experiment in the order of magnitude one or two,the parity dep
endent potential model caculation(solid lines) reproduces the data satisfac
torily at backward angles,except for ^°Ca(2+;3.90 MeV) for which the vibra
tional form factor is not appropriate. Good agreements are also obtained for 
inelastic a scattering fronr^Ca and ^ C a . It is found that the parity depend
ent potential model is useful for backward angle anomaly in inelastic scat
tering as well as in elastic one. Details will be reported elsewhere[4]. 
1. H.Schmeing and R.Santo, Phys.Letters 33B(1970)219. 

2. W.Trombik.K.A.Eberhard 
and J.S.Eck.Phys.Rev.Cll 
(1975)685. 

3. Y.Kondo,S.Nagata,S.Ohkubo 
and O.Tanimura.Prog.Theor 
.Phys.53(1975)1006. 

4. S.Ohkubo,to be published. 

Fig.l Fig. 2 
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CORRELATIONS BETWEEN BEAM-VELOCITY PROTONS PROM a BREAKUP 

R. W. Koontz, C. C. Chang, H. D. Holmgren, and J. R. Wu 

Department of physics & Astronomy 
University of Maryland, College Park, Maryland 20742 

Earlier coincidence studies1) have demonstrated that target absorption 
with escape of a single beam-velocity fragment (absorptive breakup) is the 
dominant process contributing to the singles spectra in a particle fragmen
tation.2) We have recently observed the emission of two beam-velocity pro
tons in coincidence. Using a 9 0Zr target with E a = 140 MeV we have measured 
coincidences between protons at 15° and protons at other angles. The 2-
dimensional El vs. E2 spectra show a broad continuum structure which peaks 
at E p i ^ E p 2 1-1/4 E a. Projections on either energy axis show peaks at 
T-1/4 E a with shapes consistent with energy distributions of the singles 
spectra. This effect is most pronounced at small angular separations but 
persists even at separation as large as 50°. 

The figure shows the angular correlation for one proton at 15° as a 
function of the angle of the second proton. The inset of the figure shows a 
typical energy distribution for coincident protons at 15". Assuming symmetry 
about the beam axis, we have estimated the 2-proton relative contribution to 
the proton singles yield at 15° to be at most VL0% by integrating the angular 
correlation of the figure. Our estimate is an upper bound on the relative 
contribution to the 15° 
proton singles based on 
the assumption that the 
p-n angular correlation 
is the same as the p-p 
angular correlation and 
assuming that the two un
observed neutrons fused 
with the target nucleus, 
i.e., the projectile-
fragment multiplicity is 
2. The observed angular 
correlation function be
tween two beam-velocity 
protons suggest that the 
exit-channel p-p momen
tum distributions are 
not correlated. 
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+ +This work was supported in part by the National Science Foundation. 
Permanent address: ORNL, Oak Ridge, Tennessee. 

1. R. W. Koontz, C. C. Chang, H. D. Holmgren, and J. R. Wu, Phys. Rev. Lett. 
43^ (1979) 1862. 

2. J. R. Wu, C. C. Chang, H. D. Holmgren, and R. W. Koontz, Phys. Rev. C 20 
(1979) 1284. — 
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OC-C* ELEMENTARY AMPLITUDE AND HIGH-ENERGY NUCLEUS-NUCLEUS COLLISION 
Liu Yuan, Li Yang-guo and Wang Ru-ling 

Institute of High Energy Physics, Academia Sinica, 
Peking, People's Republic of China 

Many experiments on high energy nucleus-nucleus collision 
show that in small angles, there are clear- dif fractive patterns 
and multiple scattering features of collision. 

It. is know that in nuclei, in particular light nuclei, there 
exi3ts cluster structure, therefore, it. is interesting to describe 
the high-energy nucleus-nucleus collision by using the cluster 
model in the frame of Glauber's 
theory. 

In this paper, the dL-ol elastic 
scattering amplitude f* in tiie 
eikonal approximation is taken 
as the elementary amplitude, using 
the same approximation as in nef.(2)J° 
the angular distribution of 1.37 
Gev.ot particle elastic scaUteriiig 12 on C has been calculated. The. 
parameters adopted are as following 
O" (total cross: section of N-N 

scattering-) = 2.84fnu 
R (radius of Ol particle) = 1.3fm. 
P (the ratio of real to 

imaginary) =0.2 
d (the length of equilateral 

triangle) = 2.75fm. 
a (harmonic parameter) = ,045fm; 

Theoretical results are giwen 
in the figure and favour the cluster model. The agreement 
between theory, and experiment is in satisfactory. 

(1) A. Chaumeaux, et. al. Nucl. Phys., A267 (1976) 413 
(2) Ahmadl, Phys. L. B36 (1971) 301 
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THE MULTIPLE SCATTERING MECHANISM AND SHORT RANGE CORRELATION 
EFFECT OF HIGH ENERGY NUCLEUS-NUCLEUS COLLISIONS. 

Wang Ru-ling, Ma wei-hsing and LU Shih-chee 
Institute of High Energy Physies,Academia Sinica, 
Peking, People's Republic of China. 

Nucleon-nucleon multiple scattering mechanism of high energy 
elastic nucleus-nucleus scattering is investigated in this paper 

3y means of the " rigid; projectile" approximation within 
the Glauber multiple scattering framework, and using the "deter
minant method? the differential cross section of c< -C 1* elastic 
scattering at 1.37 Gev incident energy has been calculated. 
All contributions of high orders of multiple scattering are 
involved. 

In our calculation,here is no any adjustable parameter 
in the differential cross section. All parameters are taken 
from experimental data. A good agreement between theoritical cal
culation and experimental data at small angles (q*^ 5 fm."* ) is 
obtained. 

In order to improve the agreement with experimental results 
we also have considered the effect of short-range dynamical 
correlation for C * . Than, the calculated differential cross 
section do indeed follow the behavior of the measured differ
ential cross section quite well. 

References 
1) C.Wilkin phys.rev.174(1970) 

1147 
2) S-S. Baner et al Pays. Rev. 

, C 19(1979)1438. 
in. it 

Fig.Elastic ot-Cli scattering at 
1.37 Gev. 
The solid line is differential 
cross section with the short 
range correlation. The dash one 
is without the short-range corre
lation. The points are Scalay data. 
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Q-VALUE EFFECT ON ELASTIC a-SCATTERlNG IN Ca-REGION 

T. Ka j ino , T. Matsuse, A. Arima and S. M. Lee 

.Department o f Physics, Un ive rs i t y o f Tokyo, Hongo, Tokyo 113, Japan, 
I n s t i t u t e o f Physics, Un ive rs i t y o f Tsukuba, Ibaraki 305, Japan. 

I t i s pointed out t h a t the ta rge t depend
ence o f e l a s t i c a - s c a t t e r i n g a t backward angles 

Fig•' in Ca-region is interpreted systematically by 
the effect of Q-value. Here the Q-value means 
so-called threshold energy of two-body breakup 
from compound nucleus. To show the systematics 
c lear ly , the observed values of the angle i n 
tegrated cross section at backward angle region 
are shown as the function of /A/8-Q in F i g . l . 
'). The whole data are well reproduced by a 
function exp[-a/A/8-QJ. This Q-value depend
ence is also seen in a l l other observed cross 
sections in Ca-region, e .g . , the fusion cross 
sections of 40ca+a and 44c.a+a 2) and the 
excitat ion functions of backward elastic a-scat
ter ing from Ca-isotopes in low incident energy 
region 3). 

From this Q-value systematics, we can take 
a picture that the imaginary part of optical 

, G " l 2 potential should be determined by the coupling 
between the entrance channel and the many com
plicated compound states. Based on the study 

of averaged S-matrix for l i gh t heavy-ion fusion reactions 
4), we can introduce the following imaginary potential which 
depends on the level density P L ( E * ) of the compound 

J " • ( • ' I Ejai, = 2l.ll 25.0 (M») 
ur 

J 
10 ' * J 

h( "* «— : * i 
-V £* 1 1 =- ~~ ' " X -= 

1 ="=cYK / "& ,"& 4 
ai 

: -1 > /An \ 

'• ">• "" i v --" "* °v -a\ 
ant '_ t i ' / " * " > ; =C= '. ; J 

L »i"' "a ^ >-.; -̂  » ] 
• "*' ; X ] asm r •"•> "4 
': -. 

nucleus, 
W L(r) P L(E*)/p L(E*+A)-f(r) 

~ where E*=Ecm+Q . A means the energy range in which the 
copmound states around the incident energy are disturbed 
by the entrance and many ex i t channels. In this case, we 
use the vale A=2fiui , where Tito is a harmonic osci l la tor 
energy of the compound nucleus. The real part of the op
t ica l potential is determined to reproduce the calculated 
phase sh i f t by resonating group method 5) . 

By the use of the present potent ia l , we obtained the 
reasonably good result for reproducing the backward elastic 
a-scattering in Ca-region, (see Fig. 2) . 

Therefore the so-called ALAS is understood by the 
coupling between the entrance channel and the many com
plicated compound nucleus. 

< 5 6 7 S 9 1D11I2 
to. <»») 

1) K.A. Eberhard et. al., Phys. Rev. CJJ_(1976) 2332. 
2) K.A. Eberhard et. al., Phys. Rev. Lett. 43J1979) 107. 
3) B. Fernandez, Proc. of the Karlsruhe Intern. Discussion Meeting, (1979)255. 
4) T. Matsuse, A. Arima, T. Tsukamoto and S.M. Lee, contribution in this Conf. 
5) T. Ando, K. Ikeda and A. Tohsaki -Suzuki, Prog. Theor. Phys. 61_(1979)101. 
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INDICATION OF FASTOC-CASCADES IN THE "nhfa.xnypzoc) REACTION AT 160 MeV 

J . Ernst, W. Friedland, T. Mayer-Kuckuk, and W. Scholz 

I ns t i t u t f l ir Strahlen- und Kernphysik der Universitat Bonn 
D 5300 Bonn, West Germany 

The reaction 2 3 2 T h • otwas studied at 160 MeV measuring the yields of oc-
emitters from U to Rn isotopes (see f igure) . Here, the f u l l symbols give the 
results of catcher f o i l spectroscopy (Tw£ > 8 m), the others represent the 
yields for short- l ived ac t iv i t ies (Tj/2 > 1 0 m s ) a s obtained by the apparatus 
BANDITl) where a mylar tape at d i f ferent velocit ies is used as a movable 
catcher. Within a factor of two similar results were found at 130 MeV. 

Calculations with the code OVERLAID ALICE2) roughly reproduce the measu
red U and Pa cross sections but underestimate the Th and Ac yields by a 
factor > 100 (input options: PE nucleon emission in the GDH model with n 0 = 4, 
subsequent W.E. evaporation and f iss ion competition with shell corrected LDH 
f ission bar r ie rs , ag = a* = A/8, f ixed J - removal by emitted par t ic les) . 
Similar calculat ions, yet start ing from 2 3 2 T h * w i t h excitat ion energies and 
strengths being derived from experimental 2 3 2 T h { « , ot'X) spectra at 130 MeV do 
remove this discrepancy. Thus simulating PE oc-emission lacking in the code 
the Ra yields are s t i l l predicted too low by factors of MO ( Z Z 0 Ra) up to 100 
(225Ra). We conclude that the considerable yields for Ra as well as for Fr 
and Rn isotopes (see figure) indicate a prompt emission of two to three pre-
equilibrium (PE) oc-particles from the composite system 2 3 6 U . 

'This work was supported by the Bundesminister fur Forschung und Technologie. 
1. A. Hardt, J . Bisplinghoff, J . Ernst, R. Lbhr, H. Machner, and T. Mayer-

Kuckuk, Nucl. Instr . Heth. 143 (1977) 519. 
2. H. Blann, OVERLAID ALICE, UTTRDA Report no. C00-3494-Z9, 1976 
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THE " S u U . ^ e f) REACTION AT EQ = 152 MeV 

J. R. Wu, J . R. Beene, C. E. Bemis, Jr . , F. E. Bertrand, 
E. E. Gross, D. J . Horen 

Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 37830 

and 

H. P. Jones 

Indiana University* 
Bloomington, Indiana 47405 

We have measured the 3He spectrum in coincidence with fission fragments 
from 238(j bombarded by 152 MeV a particles in order to investigate the 
projectile-target reaction mechanism. High energy 3He particles were 
detected at 11.5° in coincidence with two fission fragments detected with 
position sensitive gas proportional counters covering an angular range from 
63° to 85" (opposite to 3He) and -95° to -117" (same side as 3 He). The 3He 
spectrum in coincidence with fission exhibits a broad peak at the beam 
velocity. The same spectral shape was observed in the "singles" 3He spectrum 
(see figure). The results suggest that the neutron fuses with the target 
forming a compound nucleus 
while the 3He, acting as a 
spectator, escapes with the 
incoming beam velocity. The 
compound nucleus, "9u" t then 
decays by neutron emissions 
and fissions. This 
incomplete fusion-fission 
mechanism constitutes a 
substantial fraction of the 
total reaction cross section 
leading to fission. The 
fission probability as a 
function of excitation 
energy and angular momentum 
transfer will be discussed. 
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HADRON-NUCLEUS INELASTIC TO ELASTIC SCATTERING 
RELATIONS APPLIED TO COMPOSITE PROJECTILES. X 

R. D. Amado, J. A. McNeil and D. A. Sparrow 

Department of Physics, University of Pennsylvania 
Philadelphia, Pennsylvania 19104 

Recently we have obtained simple relationships between elastic and in
elastic scattering in hadron nucleus scattering that are both well grounded 
In theory and agree well vith the data.* In this work we examine the exten
sion of those relations to reactions induced by composite projectiles. Our 
relations are based on using a collective model for the excitation, a Fermi 
density for the nuclear ground state, and embedding these in a large momentum 
transfer (q) treatment of the eikonal description for the reaction. The re
lation Is between the elastic cross section a and the Inelastic cross section 
far excitations of a state of angular momentum L, o 

0 L(6) C Lq za E(6 + * L/pc) 
(L-l) arc can (ilB/c) + n. 0,(n/2) L 

(1) 
odd.even 

J3 
E 0.1 

0.01 

where 6 is the scattering angle, p the Incident momentum, and c and 6 are the 
diffusivity and half density radius respectively of the Fermi distribution. 
C[_ is a constant that expresses the excitation strength. In the limit of a 
sharp edge nucleus (0"O) this form re
covers the Blair phase rule but it is far 10 
more general since it relates the shapes 
of the cross sections and not just the 
positions of the diffraction minima. 

In the Figure we show Eq. (1) applied 
to the excitation of the 4.44 MeV 2 + |0 
state in 1 2 C by 1.37 GeV o's. 2 The solid 
line is q Og shifted by the appropriate 
amount and vertically normalized, while J; 
the points are the 2 + data. He show both 
angle shifts based on Eq. 1 with 8 and c 
taken from the elastic scattering and the 
Blair phase rule shift. They bracket the 
data and certainly agree as to general 
shape. The agreement compares favorably 
with the analysis of reference 2. We 
are encouraged to proceed to the inves
tigation of heavier and lower energy 
projectiles. 

Supported in part by the U. S. National 
Science Foundation. 0.001 
1. R. D. Amado, F. Lenz, J. A. McNeil 

and D. A. Sparrow, submitted to 
Phys. Rev. C. (ALMS) 

2. A. Chaumeaux et al., Nucl. Phys. A267 (1976) 413. 
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MEASUREMENT OF PARTICLE SPECTRA OF a INDUCED NON-EQUILIBRIUM REACTIONS FOR 
2 0 6 - 2 1 2 p o 

B. Bochev, R.M. Lieder, J.P. Didelez', T. Kutsarova, H. Beuscher, D.R. Haenni, 
T. Morek, M. Muller-Veggian, A. Neskakis, and C. Mayer-Bbricke 

Ins t i tu t fur Kernphysik 
Kernforschungsanlage Jul ich 
D-5170 Jul ich, W. Germany 

209 In order to study the reaction mechanism of the Bi(a,charged par t ic le 
xn>) reactions at incident energies of 45 MeV and 75 MeV spectra of p, d, and 
t have been investigated. The charged particles were measured in coincidence 
with Y rays characteristic of the resultant Po nucle i . The a beams were provi 
ded by JULIC. The coincidences were measured by placing the part icle detector 
telescope at angles of 45°, 90° and 135°. 

As result of the 45-MeV experiment at 45° three spectra of protons coin
cident with -r rays in 2 1 0 Po(= | l ) , 2 1 1Po(#2) and 212p 0$3) are shown in f i g . 1. 
The maxima of the spectra are at 15.0 MeV, 22.5 MeV and 26.5 MeV for the 
(a,p2n), (u,pn) and (a.p) channels, respectively. 
The width of the respective peaks are 7.5 MeV, 6.7MeV 
and 3.9 MeV. The low energy t a i l s seen in the spec
t ra # 2 and # 3 are most probably not real but due 
to incomplete background subtraction. This notion 
results from an analysis in which gates have been 
set on 2.5-MeV portions of the proton spectrum in 
order to produce the corresponding Y spectra. The Y 
l ines result ing from the (a,p) and (a,pn) reactions 
are in the Y spectra corresponding to the maxima of 
the respective p peaks at least a factor of 10 more 
intense th ?n in the Y spectra corresponding to proton 
energies outside the peak region. Similar spectra as 
in f i g . 1 have been obtained for d and t . The angu
la r distr ibut ions for a l l channels in the 45-MeV ex
periment are shown in f i g . 2. I t can be seen that 
the (a .p) , (o.d) and (o , t ) reactions are strongly 
forward peaked. The angular distr ibut ions are less 
pronounced for reactions in which one or two add i t i 
onal neutrons are emitted. For 75 MeV incident ener
gy a simi lar decomposition of the inclusive p spec
t ra as in case of 45 MeV has been obtained. The ma
xima (widths) of the proton peaks are 20.5 MeV 
(13.0 MeV), 28.8 MeV (12.0 MeV), 38.9 MeV (lO.OMeV), 
48.2 MeV (6.0 MeV) and 55.0 MeV (4.0 MeV) for the 
(a,p4n), (a,p3n), (a,p2n), (a,pn) and (a,p) reac
t i ons , respectively. 

The energies of the proton peaks for the va
rious (a.pxn) channels can be understood assuming 
that the protons populate d i rec t ly the entry l ines 
of the respective f ina l nuc le i . This implies that 
the neutrons carry along only a small kinetic ener
gy. I t may be concluded, therefore, that the protons 
are emitted at f i r s t af ter the formation of the fused 
system and that the neutrons are emitted subsequent
l y . 

* I n s t i t u t de Physique Nucleaire, F-91406 Orsay, 
France 

Fig. 1 

452 



GAMMA RAYS FROM 720-MeV a AMD 200-MeV IT- ON CHROMIUM 

C. E. Stronach, H. 0. Funsten, B. J. Lieb, 
H. S. Plendl, V. G. Lind, and D. Joyce 

Virginia State University, Petersburg, VA 23803 
College of William and Mary, Williamsburg, VA 23186 

George Mason University, Fairfax, VA 22030 
Florida State University, Tallahassee, FL 32306 

Utah State University, Logan, UT 81t321 
The states of daughter nuclei produced by bombardment of natural 

chromium by 720-MeV a particles and 200-MeV n* have been studied through 
analyses of spectra of de-excitation Y rays taken in prompt coincidence 
with incident beam particles at the SREL synchrocyclotron.J) 

Transitions were observed which correspond to inelastic scattering and 
removal of from one to sixteen nucleons. For removal of more than four 
nucleons the cross sections decrease gradually with increasing AA. 720-MeV 
alphas tend to be more effective in removing one or two neutrons relative 
to single and double proton removal than are 200-MeV pions. 

The y spectrum arising from a bombardment shows a moderately strong 
transition for equivalent single a removal ("*8Ti I •+ 0 ) , but there is no 
unambiguous evidence for removal of more than one equivalent a particle, as 
has been seen with lighter target nuclei.2) Instead, the multiparticle re
moval pattern follows the valley of stability for the daughter nuclei. 

Comparisons will be made with results of similar it and a experiments 
performed on lighter nuclei at these and other energies. 

A portion of the spectrum re
sulting from o bombardment: repre
sentative peaks include (1) the 
"•9V V-+I and/or I f 6Ti V+II at 10U8 
keV, (2) 5 0Cr II+I at 1098 keV, 
(3) 5 0Ti II+I and/or UB1± II+I at 
1119 keV, [k) U 9 V VI-K) and/or t(1'Ca :;ji i; ,; 1 1 || |- 7 10 
I-K) at 1156 keV, (5) 5 1Cr III-K) at U< i[l\ 
1163 keV, (6) 5 l C r III+I at 1213 »' i I ' \-\,\ ' \ \\\\ \\\ of, 11 
keV, (T) w C a IV+I at 1226 keV, 
(8) "So VIII-+0 at 1236 keV, (9) 
5 0Cr V+II at 1283 keV, (10) 5 3Cr 
III-K) at 1289 keV, and (11) 1 , 8Ti ; U\JJ 
I M at 1310 keV. = .. 1i_ 

2 
| 3 
ft 

i 1 J i li !' ] 

V L \ l Ui 
"Supported by the NSF, NASA, and the Commonwealth of Virginia. 

1. SREL was supported by the HSF, NASA, and the Commonwealth of Virginia. 
2. B. J. Lieb et al., Phys. Rev. C, to be published. 
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PREEQUILIBRIITM Ot-EMISSION TN THE QUASI-FREE 
SCATTERING MODEL 

H. Keuser and J. Bisplinqhoff 
Institut fur Strahlen- und Kernphysik, 
Universitat Bonn, D 53 Bonn, W. Germany 

The quasi-free scattering model 1) has been successful in 
reproducing angle integrated preequilibrium spectra measured 
in reactions such as (<*,«.*) , (n,ot) , (p,p') and (oc,p) . The model 
assumes (oc,N) or (N,N') scattering in the nuclear environment 
to constitute the equilibration process and treats the two body 
collisions on the basis of experimentally measured free scatte
ring data taking proper account of "auli priciple restrictions. 

Since the model evaluates the two bodv kinematics expli-
citely, it can also be used to calculate the angular distri
butions of particles emitted from the preequilibrium reaction 
phase. We have extended the existing computer codes•to that 
purpose. As a test of the pro
cedure, calculations for tp,p') 
reactions were performed first. 
The results are in close agree
ment with those obtained from 
intranuclear cascade calcula
tions 2) . 

Subsequently, the approach 
was extended to reactions in
volving clusters. The figure 
shows a typical result for an 
(«,<*/) reaction. While the calcu
lation fits the angle integrated 
data reasonably well, the agree
ment is very poor for the angu
lar distributions. No reasonable 
choice of model parameters was 
found to do any better than the 
calculation shown in the figure. 

We conclude that the an
gular distributions observed in 
preequilibrium cluster emission 
cannot be understood in terms 
of (cluster,nucleon) quasi-free 
scattering. It is not clear, 
however, if and to what extent 
this result invalidates the un
derlying model. 

40 60 20 
6/grad 

tO 60 

1) A. Mignerey, M. Blann and W. Scobel, Nucl. Phys. A273 
(1976) 125 

2) F.E. Bertrand and R.W. Peelle, Phys. Rev. CS (1973) 1o45 
The authors wish to thank M. Blann for valuable discussions 
and for making his computer codes available. 
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INCIDENT ANGULAR MOMENTUM WINDOW IN LIGHT-ION 
INDUCED COMPOUND NUCLEAR REACTIONS1 

C. A. Fields, F. W. N. de Boer, R. A. Ristinen, 
L. E. Samuelson1', P A. Smith, E. Sugarbaker 

Nuclear Physics Laboratory 
University of Colorado 

Boulder, CO 80309 

The angular momentum distribution of the final-nucleus entry states pop
ulated in a compound-nuclear reaction is determined by the angular momentum 
distribution of the initial compound nucleus and the angular momentum removed 
by particle decay. Conversely, the J distribution of the compound nucleus can 
be deduced from the measured J distribution of the entry states and assump
tions about the angular momentum removed by outgoing particles. 

Measurements of relative intensity for yrast v-rays from "*''-"Sm in co
incidence with 2-20 MeV neutrons from the 35 MeV ^-^Nddj.xny) reactions showed 
that the population of high-spin entry states decreases rapidly with increas
ing neutron energy. Moreover, n-y-y coincidence measurements showed that the 
relative intensities of yrast y-rays coincident with the lowest yrast transi
tions and 5-20 MeV neutrons were constant for J^ < lOh and decreased sharply 
for Jj > 10h. These measurements show that only entry states with J > 10 fl 
are populated by the 35 MeV l^^Nd(OI.XIIY) reactions with x = 2 or 3. Only ini
tial compound-nuclear states with J > IOh- thus decay by the x = 2 and x = 3 
channels, implying an incident impact-parameter dependence in these reactions. 

Other measurements support these conclusions. From the measured neutron 
spectra, the excitation energy for maximum entry-state population in the 
150nd(3He,5nY)li'8Sm reaction was found to be 4.9 MeV at E( 3He) = 34 MeV, and 
13.3 MeV at E(3He) = 43 MeV. Both of these spectra are well-described by pure 
evaporation calculations at different temperatures. Entry states are populat
ed in these reactions along lines roughly parallel to the yrast line 1; entry 
states at higher energy therefore have higher J. The median J value in the 
(•JHe,5nY) reaction thus increases dramatically with beam energy, even at the 
evaporation stage. 

The angular distributions of neutrons from compound reactions are forward 
peaked for E(n) % 5 MeV, and increase in steepness with increasing E n. This 
implies that the incoming and outgoing impact parameters are highly corre
lated for large E,,. It has been shown that the incident impact parameter for 
a given multiplicity increases with increasing beam energy; the angular dis
tributions show that the outgoing b must also increase. Fast neutrons (with 
E„ > E ( B e a m j / A ( B e a m p thus remove significant angular momentum from the com
pound nucleus. When this angular momentum removal is included, the incident 
angular momentum window for extreme pre-equilibrium reactions, such as the 
35 MeV •150ud(a,2ny) reaction, is found to be only ^^around the classical 
maximum. 

tSupported in part by USDOE 
t+Present address: Princeton Plasma Physics Lab., Princeton University, P.O. 
Box 451, Princeton, NJ 08540 

1. M.J.A. de Voigt, W. J. Ockels, Z. Sujkowski, A. Zglinski and J. Mooibroek, 
Nucl. Phys. A323 (1979) 317. 
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A STUDY OF THE Si( He,o<) Si REACTION 

+ 
S. Roman, K. S. Dhuga , 0. Karban and J .M, Nelson 

The University of Birmingham, England 

The analysing power and differential cross section of the ( He,o() 
reaction on z 8 S i leading to the ground state, the 0.78, 2.65 and 4.14 
Me? excited states of " S i have been measured using a 33.4 MeV 
polarized % e beam. The angular momentum transfers involved were 
5/2+, j * , 5/2 + and ( j , 3/2)" respectively. The striking feature of 
the obtained results is the very large negative analysing power observed 
throughout the angular range for the ground state transition. This is 
consistent with a semiclassical model of the reaction*), where the 
sign of the analysing power is predicted to be negative for j = {.+ j , as 
in the case of the 5 /2 + transfer, and positive for j =(,- T> assuming 
the attractive nuclear force to be dominant and the effect of the Coulomb 
force negligible. The analysing power for the other transitions showed 
the usual oscillatory pattern. _ 

It has been known for some time ) that the approximations of the 
DWBA theory may be braking down when applied to describing the 
( 3He,cx) reactions. In the present work the role of the distorting 
potentials, the Q-value effects and the finite-range corrections a re 
investigated within the framework of the conventional DWBA. An attempt 
is also made to interpret the present results taking into account multi-
step processes. The ( He.cX) reaction cross sections and analysing 
powers t together with the elastic and inelastic ^He scattering data 
obtained simultaneously, are analysed in terms of the coupled channels 
and coupled reaction channels formalisms. 

Now at the Kings College, London 

1. Y.-W. Lui, 0. Karban, S. Roman, R.K. Bhowmik, J .M. Nelson and 
E .C. Pollacco, Nucl. Phys. A333 (1980) 221 

2. R.H. Bassel, Phys. Rev. 149 (1966) 791 
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One-Step Approach to Equilibrium Model for Pre-equilibrium Neutron Emission 

C.A. Fields,J.W.N, de Boer, R.A. 
L.E. Samuelson^', P.A. Smith and E. 

Ristinen 
Sugarbaker 

Nd(a.2nx) 

Nuclear Physics Laboratory 
University of Colorado, Boulder, CO 80309 

A simple model has been found to reproduce reasor.^bly well the spectra 
of neutrons from light-ion induced low-multiplicity reactions in which Fre-
equilibrium neutron emission occurs. 

The density of states at excitation U and angujar momentum J in medium-
heavy nuclei can be approximated by 'p(U,J),r(2J+l) (U+S)_2exp 2(a(U-Uj+5))!5 
where Ujis the excitation of the yrast state of spin .1, 6~1 MeV is a pairing 
energy, and an A/8 MeV is a density-of-
states factor. Above the neutron 
separation energy, such states have a 
probability P of neutron decay. If 
other forms of particle decay are 
ignored, the density of particle-stable 
states is: p (U,J)=p(U,J)(l-Pn). The 
decay probability P n is proportional to 
density of states p'(U',J') in the nu
cleus with one less neutron, and thus 
increases exponentially with excitation 
U above a critical excitation 
U c-S n+U'(J). 

The one-step approach to equilib
rium model is defined by two assumptions. 
One is that the nucleus reaches 
equilibrium after the emission of one 
neutron, and thereafter decays by 
evaporation characterized by a 
temperature kT which depends only on 
the final nucleus entry state excitation. 
The other is that the density of 
populated entry states is given by 
Pe(U,J)=F(J)ps(U,J), where F(J) is 
assumed to have the form F(J)=1 for 
J^<J<J2 and F(J)=0 otherwise. The free parameters were J].,J2, and an overall 
normalization. 

Two examples of measured and calculated neutron spectra are shown in the 
figure. The high-energy part of the neutron spectra are reproduced reasonably 
well, and the resulting values of Jj are consistant with the classical 
maximum angular momentum of the projectile. The calculation fails to re
produce the extreme high-energy tail, due to the failure of the statistical 
level density formula at low residual excitation. The calculation also does 
poorly in the region between the "equilibrium" and "pre-equilibrium" parts 
of the spectrum, probably due to the failure of the simple evaporation model 
which is discussed in the preceding contribution to this conference. 

J2=7Tl 

..Supported in part by USDOE 
Present address: Princeton Plasma Physics Lab, P.O. Box 451, Princeton 
University, Princeton, NJ 08540 

1. J. 0. Newton, in Nuclear Structure and Reactions, Part C, ed. J. Cerny 
(Academic, New York, 1974) 185-227. 
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HIGH-TEMPERATURE MAXWELLIAN EVAPORATION OF NEUTRONS BY COMPOUND NUCLEI 
C. A. Fields, F. W. N. de Boer, R. A. Ristinen, 

L. E. Samuelson, P. A. Smith, and E. Sugarbaker 

Nuclear Physics Laboratory 
University of Colorado 

Boulder, Co. 80309 

In the equilibrium statistical model for the evaporation of neutrons 
from an excited compound nucleus, the spectrum of decay neutrons is given 
by ) Y(E n) •»= E exp (-E /kT), where (kT) = (a/u)^ - 2/u. In these expres
sions kT is the temperature, u the excitation of the final nucleus, and 
a = A/8 MeV is a density-of-states parameter. 

The neutron spectra from (a, xny) and ( He, xny) reactions on a variety 
of targets have been measured using n-y coincidence and neutron time-of-
flight techniques. Neutron spectra from reactions induced by 35 MeV a par
ticles are shown in the figure; the curves are evaporation fits with kT a 
free parameter. 

The striking feature of the observed spectra is that almost all can be 
described by a single temperature kT. that is, that thev indeed represent 
Maxwellian evaporation. While for Sn(a, 3ny) and Nd(a, Any) the tem
peratures obtained (0.8 and 0.6 MeV) by the evaporation model are consistant 
with the predictions of the evaporation model, the excitation associated by 
the evaporation model with the temperature obtained.for Pb(ot, 2ny) is 
130 MeV, five times the excitation of the initial Po compound nucleus. 

A possible explanation of_the very high temperatures obtained for cer
tain of the spectra, such as Pb(a, 2ny) and Nd(a, 3ny), is that these 
temperatures correspond to the excitation of only a small fraction of the 
nuclear voiume. If this were true, however, the neutron spectrum would not 
be expected to have a pure Maxwellian shape, but rather to have both a high-
temperature and a low-temperature part. These parts would correspond to the 
initial decay of a small excited region followed by equilibrium decay from 
the entire nuclear volume. Only one spectrum, that of Y(a, 2ny), shows 
such features. From these data it is evident that the equilibrium model' 
relation between kT and final-nucleus excitation is often invalid. However, 
a two-temperature model is also not supported by the bulk of the present data. 

j,Supported in part by U. S. Department of Energy. 
Present address: Princeton Plasma Physics Laboratory, Princeton Uni
versity, P. 0. Box 451, Princeton, N. J. 08540. 

1. T. Erlcson. Adv. Phvs. 9 (I960) 425. 
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MEASUREMENT OF THE REACTION CROSS SECTION 
FOR THE SYSTEM 7Li + 5 I V WITH ALIGNED 7Li IONS 

K.-H. Mobius, B. Bauer, R. Bottger, 
P. Egelhof, Z. Moroz, E. Steffens and G. Tungate 

Max-Planck-Institut fiir Kernphysik 
D-6900 Heidelberg, Germany 

W. Dreves, I. Koenig and D. Fick 
Fachbereich Physik, Philipps-Universitat 

D-3550 Marburg, Germany 

A dependence of the reaction cross section on the projectile alignment 
was observed for the interaction of aligned 7Li with 5 1 V . The reaction cross 
section was investigated measuring the characteristic y rays of the reaction 
residues and independently measuring the elastic scattering (including in
elastic scattering to the first excited state of 7Li, 0.487 MeV). From the 
latter data the reaction cross section was obtained by applying the "sum-of-
differences" method1) to the results obtained with the aligned and unpolarized 
beams. The excitation functions of the reaction cross section and of the 
analyzing power T2o (normalized difference of cross sections for aligned and 
unpolarized beams) from both experimental methods agree well with each other 
(figure). Moreover, the trend in T20 is the same for all observed reaction 
residues 5 5 > 5 6 F e , 5*» 5 3Cr and 5 1 , , 5 5 M n . It can be interpreted as an entrance 
channel effect in terms of the oblate deformation of 7Li. Its negative spec
troscopic quadrupole moment is aligned along with the spin. The experimental 
data were analyzed in terms of the barrier penetration model of Wong ) which 
was generalized for aligned projectiles. Assuming that the interaction is 
localized at the distance of closest 
approach, the 1-wave reaction barriers 
can be calculated for aligned 7Li ions. 
The model which fits the data quite 
well (solid lines) needs four parame
ters: an interaction radius Ro, an s-
wave barrier E"o, the curvature "titao of 
the interaction potential at the bar
rier and the parameter 0 describing the 
7Li deformation. Ro and Eo are well 
determined by the excitation function 
of the reaction cross section. However, 
T20 is very sensitive to both 8 and -fiido. 
Especially in the energy range 11-14 
MeV Tzo is sensitive to B alone. It is 
believed that the parameter 8 extracted 
from this experiment describes the mat
ter deformation of 7Li. Up to now it 
is not clear whether its much smaller 
value as compared to the one obtained 
from the electric quadrupole moment 
(6 » -0.3) reflects a lack in the theo
retical description or is really due to 
a different deformation of the matter 
and charge distribution of 7Li, 

1. H. Oeschler, H.L. Harney, D.L. Hillis and K.S. Sim, Nucl. Phys. A325 
(1979) 463 

2. C.Y. Wong, Phys. Rev. Lett. 21 (1973) 766 
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0 = -0.19 

o 'Y-meosureifients 
• elastic scattering 

, (MeV) 

459 



LIFETIME MEASUREMENT OF A HEAVY-ION PREEQUILIBRIUM SYSTEM VIA a-a CORRELATION 

S. Kohmoto, M. Ishihara, H. Kamltsubo, T. Nomura, Y. Gono, H. Utsunomiya, 
T. Sugitate and K. Ieki 

Cyclotron Laboratory, The Institute of Physical and Chemical Research, 
Wako-shi, Saitama, 351, Japan 

The forward-peaked fast alpha particles, which strongly appear in heavy 
ion collisions, have often been argued in relation to the preequilibrium 
nature of the composite system of two colliding ions. The present report is 
concerned with an experimental attempt to directly determine the lifetime of 
such a preequilibrium system by measuring the correlation between two fast 
alpha patcicles in the 2 7A1 + '"'H reaction at 115 MeV incident energy. The 
a-a correlation was recorded using four sets of SSD telescopes placed at a 
fixed polar angle 9 = 50°. As to the azimuthal angle difference Aiji between 
a pair of telescopes, we have altogether taken 24 angles from 21° to 180°. 

The observed correlation is depicted for two typical cases in the figure, 
where the coincidence cross sections for given lab energies E a and E a" of the 
coincident alpha particles are plotted as a function of the relative kinetic 
energy E n a ' between the two particles. A characteristic aspect of the 
correlation is that enhanced cross sections over the continuum distribution 
appear around E a a ' ss 3.0 MeV, which corresponds to the resonance energy of 
the 2 + excited state of BBe. 

" t o i 1 V a i l lg-113 ••» 

'»', .» M »k 
I «-«,,-M.a tut 

t" i ," i . •!' 

The origin of such resonance-like cross 
sections, (d^o/dE ad!2 adE a'dn n') r e g , may be 1. 
attributed either to the breakup of excited 8Be -' " 
produced in the primary reaction process or to j 
the final state interaction between two alpha 
particles inuependently emitted from the compo- 3 u-7 

site system. One may estimate the production ? 
cross section of excited °Be in terms of the Q a 
rule and the singles cross sections for the SI. 
other Be isotopes. The cross section thus |i 
deduced was hardly sufficient to account for the "a 
observed coincidence yield. 

Provided that the final state interaction 
is dominant, the magnitude of the resonance
like cross section may be related to the lifetime ** 
T of the alpha-particle emitting system; using the approximation1) for the 
proximity scattering we may write 

(d"*o/dE d£2 dE ,dJJ ,)„,„ /(d 1 ,a/dE 0dn 0dE 0
1dn 0,) = <l/D2>(da/dn ,)J. a a a' a res. » a a a a' aa 

In this approximation, the resonance-like cross sections are assumed to be 
due to the scattering between two alpha particles successively emitted in the 
same direction in the c m . system. D represents the distance from the center 
of the emitting system to the point at which the chasing particle with larger 
energy Ê i catches up the preceding particle with smaller energy E°. Thus D 
is related to the time interval between the successive emissions and hence 
to T. do/dSlaa' is the a-a scattering cross section, J the Jacobian relevant 
to the coordinate transformation involved. Applying this relation to the 2+ 
resonance we obtained T = 4i-6 x 1 0 - 2 2 sec, which is shorter than typical 
lifetimes of some 10 _ 2 1sec for equilibrated compound systems. 

1. R. Fox, Phys. Rev. 125 (1962) 311 
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1 60- 1 2C ELASTIC SCATTERING BETWEEN 140 AND 315 MeV 
M.E. Brandan, A. Dacal , A- Galindo and A. Menchaca-Rocha 

IFUNAM 
A.P. 20-364, Mexico 20, D.F. 

B.G. Harvey, M. Legrain, J. Mahoney, M. Murphy, 
W.D.M. Rae and T.J.M. Symons 
Lawrence Berkeley Laboratory 
Berkeley, California 94720 

Angular distributions have been measured for the elastic 
scattering of 1 60 from 1 2 C at laboratory energies of 140,218 and 
315 MeV for angles up to 46° cm. No nuclear rainbow was obsery_ 
ed, as reported before1) for the scattering of oxygen nuclei 
from Z 3Si. 

The data was analyzed in terms of a six-parameters optical 
potential with real and imaginary nuclear parts of the Woods-
Saxon form. The determination of the optical parameters at each 
energy show? the ambiguities already known for heavy-ions. The 
real part of the potential is well determined only between ̂  6.6 
and 7.4 fm, being this sensitive radial region the same for the 
three energies. Good fits can be obtained for real depths rang
ing between 10 and 7 0 MeV at all three energies. 

The three sets of data were also analyzed simultaneously, 
assuming an energy-independent optical potential.The quality of 
the joint fit is poorer than the individual fits at each energy, 
X2/N increasing roughly in a factor of two. Some of the 
ambiguities still remain, and the various sets of potential par
ameters which give an equally good fit to all sets of data are 
characterized by: i) both V(r) and W(r) are well determined in 
the region close to 6.9 fm, ii) V(r)/W(rHl .4 in the sensitive 
region iii) the depth of the imaginary part is always less than 
20 MeV, and iv) the real parameters satisfy the relation 
Vexp(r0/a)= 175 + 10 MeV, provided V is shallower than 2b MeV and the diffuseness ranges between 0.49 and 0.66 fm. 

Supported by Consejo Nacional de Ciencia y Tecnologia, Mexico. 
1. J.G. Cramer, R.M. DeVries, D.A. Goldberg, M.S. £isman, and 

C.F. Maguire. Phys. Rev. C14, 2158(1976). 
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ELASTIC AND INELASTIC SCATTERING OF " c BY F 

N.Kato, K.Kimura, K.Kobayashi, H.Fujita, Y.Ishikawa, T.Tachikawa, 
K.Morita and Y.Nakajima 

Department of Physics,Faculty of Science,Kyushu University,Fukuoka,Japan 

The present paper describes the measurement and preliminaly analysis of 
angular distributions of l^C elastic scattering and of inelastic scattering 
to the 5/2+(197 keV) and 3/2+(1554 keV) states in 1 9 F at bombarding energy 
of 40.6 MeV. The experiment was performed with the 12c beam from the Kyushu 
University tandem accelerator and the outgoing particles were detected by 
Si detectors cooled to Liq. f>2 temperature. In order to separate the peaks 
due to the inelastic scattering to the 5/2+ level from the elastic ones, 
paticular considerations were made on the energy resolusion of the system. 
The energy resolusion finally obtained was 130 keV in FWHM. 

So far the elastic scattering of 1 2 c by 1"F has been studied by Voos et 
alA> and they have stated that the contributions from the inelastic scatter
ing for the 197 keV level to the elastic one were less than 10% at ang^eB 
smaller than 100° cm. In the present study, however, the yields due to the 
inelastic scattering to the 5/2+ level could be separated from the elastic 
ones and the differential cross sections of the inelastic scattering were 
found to be comparable with those of the elastic scattering at angles larger 
than 60°. In the figure the angular distribution of the elastic scattering 
is shown with the curves obtained by the optical model fitting to the data. 
Several sets of the potential parameters are possible to reproduce the exper
imental angular distribution, (see Table) It should be noted that all these 
sets have almost the same value (~2 MeV) of the real well depth at the radius 
around 7.7 fin. 

Inelastic scattering calculations using the code DWUCK with a macroscopic 
collective form factor are also shown in the figure with the data. Experi
mental differential cross sections for the 5/2+ and the 3/2+ states are 
fairly well fitted using the amplitudes 
of the K=l/2+ band,OL(5/2+)=0.90 and 
Cb£3/2+)=0.73 2 ) , and* the same quadrupole 
deformation parameter 82=0.32. It is 
interesting that the experimental inelas
tic cros? sections are similarly well re
produced with the different optical pot
ential sets, which can fit the elastic 
angular distribution. However there 
exists a slight phase difference in the 
oscilation of the inelastic angular dist
ributions between the data and calcula
tions. This phase difference can not 
be removed simply in the 1st order DWBA 
calculation,if the optical potential 
parameters ere constrained to those ob
tained in the optical model analysis of 
the elastic scattering. 

Pot. 
57.Z2 1.25 
15.34 1.37 

7.46 1.45 

r 0R a R W-
TT-I3S-0T4H Z2.34 1.26 0.26 

0.52 51.52 1.25 0.37 
0.53 29.22 1.26 0.4S 

DU.C.Voos e t al.Nucl.Phys.A135(1969)207 
2)E.B.Paul Phil.Mag. 2(1957)311 

ELASTIC SCATT 
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FUSION CROSS SECTION OF LIGHT HEAVY-IONS AT SUB-COULOMB ENERCIES 

J.L. Dethier and Fl. Stancu 
Institute of Physics, Liege University, Sart Tilman, 

B-4000 Liege 1 (Belgium). 
It is useful to have an analytic formula for the fusion 

cross section Op . From fitting experimental data one can get a 
first order value of the barrier parameters and their systematic 
trend with masses of fusing nuclei. At energies around and not 
too high above the Coulomb barrier E 0 an important role was played 
by the Glass and Mosel model ') and the more elaborate formula of 
Wong 2 ) . Although the latter includes penetrability effects it 
cannot be applied at energies well below E 0 because the Coulomb 
tail is not properly taken into account. 

The idea of the present work is to derive a formula valid at 
energies well below the Coulomb barrier and is based on a model 
previously proposed by Avishai 3 ) . This model consists in repla
cing the half parabola at the right of the barrier position R Q by 
a Coulomb potential between two point charges Z\ and Zj • He pro
pose a modification of Avishai's model in order to include the 
centrifugal barrier on both sides of R 0 . We make a series expan
sion with respect to the centrifugal term in the penetrability 
integral. This is a good approximation for low 1 or E << E 0 . On 
the other hand high partial waves contribute less and less to the 
fusion section with decreasing E/E 0 . Based on this approximation 
we derive an analytic expression for the transmission coefficient 
and hence we obtain the following expression for Op 

£n (I + e" 2 K°) 
2(D p + D c)k 2 

where k is the incident wave number and Dp,D c and K Q are func
tions of the relative energy E , of the parameters E ,R and Hui 
describing the parabola and of the Sommerfeld parameter 
n • Z]Z2ezii/H2fc , with u-reduced mass 

*(Eo-E) kR £ £ 
Ko " ~vfc + »n - 2n arcsinCj-5-) - [kR o(2n-kR Q) ] 

1 o 
i. (E„-E) Z ii u 2 R* 2(E„-E) \ 

DP " (—V) < ^g—J + l'l , i l«csin( 2 ) •*]) 

This formula was applied to the fusion of light heavy ions of 
astrophysical interest and found that the results are sensitive to 
the inner side of the barrier. 
1. D. Glass and U. Mosel, Phys. Rev. CIO (1974) 2620 
2. C.Y. Wong, Phys. Rev. Lett. 3^ (1973) 766 
3. Y. Avishai, Z. Physik A286 (1978) 285. 
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MICROSCOPIC THEORY OF COLLECTIVE MOTION WITH FRICTION + 

W. Bauhoff and K. Wildermuth 
Institut fiir theoretische Physik 

Universitat Tiibingen 
74oo Tubingen, W.Germany 

Current theories of collective frictional motion start with 
the assumption of a given collective coordinate and a given Ha-
miltonian which is split into a collective part, a single-par
ticle part and a coupling term. No attempt is made to derive 
this form from an underlying microscopic theory. In the present 
paper, we try to overcome this short coming. 

For definiteness, we consider deep-inelastic scattering cf 
heavy ions. The collective coordinate in this case is the rela
tive distance of the two nuclei. Our approach is based on a mul
ti-channel generalization of.the well-known resonating-group an-
satz for the wave-function ' . The inclusion of excited states 
allows for an energy loss from the relative (collective) motion 
of the nuclei. The resulting set of coupled integrodifferential 
equaitons can be transformed approximately into a set of Schroe-
dinger-like equations by a symmetrized moment expansion of the 
integral kernels. This approximation is justified for a sharply 
peaked form of the nonlocal integral kernel. The width of the 
kernel decreases with increasing particle number. Test calcu
lations have, however, demonstrated the reliability of this 
approximation already for relatively small nuclei. 

The Schroedinger equations exhibit the required splitting 
into collective, single-particle and coupling term. The collec
tive potential is given by the usual double-folding potential 
plus a correction due to the Pauli principle. Similarly, the 
reduced mass is modified for short distances to an effective one. 

In the limit of large particle numbers, the Schroedinger 
equation can be reduced to a classical equation of motion. J.f 
interactions between excited states are neglected, we find a 
Newtonian equation of motion with a friction term proportional 
to the velocity. The friction coefficient is proportional to the 
transition probability to excited states and can be calculated 
on a microscopic basis. 

The formalism can easily be generalized to other examples 
of collective motion, e.g. fission. As an application, the 
damping of giant resonances in heavy nuclei is considered. The 
calculated widths are in reasonable agreement with experiment. 
This work was supported by the DFG 
Now at I. Institut fur Experimentalphysik, Universitat Hamburg, 
2ooo Hamburg, W.Germany 

1.K. Wildermuth and Y.C. Tang, A unified theory of the nucleus 
(Vieweg, Braunschweig, 1977) 
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POSITRON MISSION IN suri.Ki:Ki IICAI. uti.r INLLASIH: COLLISIONS 

I . K c i n h a r d t . II. M u l l e r . Soff, H. Muller. h. I'.rciner 

Institut fur Thcoretische Physik 
Jer lohann IVolf^aru; tloethe Universitat 

t< f rankfurt airs Main, best liermany 

The observation of positron emission of ver> heav> ions is a main Tool 
to stud)' î LI' in the presence of strong external fields.'' The predicted 
enhancement of production rates with increasing nuclear charge as well as a 
steep variation with impact parameter and collision energy was confirmed by 
recent experiments.-) In supercritical collisions (I|»l2>l".>! the quasi moli--
cular IsG-level joins the lower continuum of the Dirac equation and becomes 
a resonance. Due to the small decay width the resulting spontaneous emission 
of positrons will be best observable in collisions with prolonged nuclear 
times.•>' Using a projection operator technique for the resonance wavefunc-
tion we have performed coupled channel calculations'1' assuming classical tra
jectories with varying delay times 1. lor U-U collisions the figure shows 
an increasing contribution of spontaneous positron emission which is charac
teristic for supercritical systems. 
lating spectra due to interference. 
The observation of enhanced posi
tron production at the energy of 
the ls-resonance would demonstrate 
the change of the vacuum in the 
presence of a strong electric field. 

u-u 
= n]MeV/u 

1. See e.g. the reviews J. Reinhardt, W. Greiner, Rep. Prog. Phys. 40, 
(1977) 279; J. Rafelski, L. P. Fulcher, A. Klein, Phys. Rep. 38£ (1978) 
227 
H Backe e t a l . , Phys. Rev. Let t . 40 (1978) 1443; C. Kozhuharov et a l . , 
Phys. Rev. Let t . 42 (1979) 376 
J . Rafe lsk i , B. Muller, W. Greiner, Z. Physik A285 (1978) 49 
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NUCLEAR MOMENTUM DISTRIBUTION AND RELATIVISTIC HEAVY-ION REACTIONS* 
Cheuk-Yin Wong 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

and 
R. Blankenbecler 

Stanford Linear Accelerator Ctr., Stanford Univ. 
Stanford, California 94305 

In a relativistic heavy-ion reaction there are many processes which con
tribute to the fragmentation phenomenon. We examine the direct fragmentation 
process in which the detected proton is emitted from a parent nucleus without 
additional scattering and the hard-scattering process in which a nucieon from 
one nucleus makes a collision with a nucieon from the other nucleus. In 
terms of a combination of these two processes, the proton-inclusive data of 
Anderson, et^^l_. for the reaction a + 1 2 C -* p+X at different bombarding ener
gies can be successfully analyzed. We find that the direct fragmentation 
process dominates the cross section at 0° and 180°. On the other hand, the 
hard-scattering process dominates the cross section at the quasi elastic peak 
when the transverse momentum far exceeds 0.1 GeV/c. The model leads 
naturally to a new scaling variable which is the generalization of the 
Feynmann's scaling variable for situations when the rest masses are not negli
gible. As the nuclear momentum distribution enters into the model in a very 
important way, our analysis constitutes in essence a semiempirical determina
tion of the nuclear momentum distribution. Furthermore, since a single 
nucieon can carry a large fraction of the momentum of the parent nucleus in a 
cooperative manner, relativistic heavy-ion reactions can be utilized to pro
vide valuable information on the high momentum tail of the nuclear momentum 
distribution which may not be obtained by other means. The extracted semi-
empirical momentum distribution for "He indicates possible evidence for 
nuclear correlation and final-state interactions. 

Research jointly sponsored by the Division of Basic Energy Sciences, U.S. 
Department of Energy under contract W-7405-eng-26 with the Union Carbide 
Corporation, and by the U.S. Department of Energy under contract 
DE-AC03-76SF00515. 
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AN ATOMIC CLOCK FOR DEEP INELASTIC HEAVY ION COLLISIONS* 

G. Soff, J . Reinhardt, B. Hi i l ler , and W. Greiner 
I ns t i t u t f i i r Theoretische Physik der 
Johann Wolfgang Goethe Universitat 

6000 Frankfurt am Main, W.Germany 

We calculated the 6-electron d is t r ibu t ion resulting from heavy-ion . 
col l is ions with p ro jec t i le energies above the Coulomb barr ier. I t is shown1' 
that the l i fe - t ime (T > 10~'ls) of superheavy composite systems causes 
pronounced osc i l la t ions in the energy spectrum of emitted electrons. The 
width of the osc i l la t ions is found to be e = h/T. This effect can be used 
to measure nuclear st ick ing times. We have considered as an example of the 
systems 1 3 6 Xe + 208pD w i t h E L A B =7MeV/u and grazing impact parameter because 
i t allows for measurements in coincidence with a K-x-ray from the ta rget - l i ke 
fragment. Our conclusions hold qua l i ta t ive ly for any other superheavy system. 
The principal mechanism in how a nuclear time delay influences the excitat ion 
amplitude becomes most transparent in time-dependent perturbation theory for 
electron exc i ta t ion. In this approximation we f ind that the probabi l i ty of 
ionizing an electron from state i into the continuum state j for a f ixed 
delay time T is given by 

dP1 (AE,T)/dEj = 4 | a ' | 2 sin 2 [(T/2)AE + arg(a ' ) ] . 

Here a' is the amplitude after the incoming branch of the t ra jec tory , 
AE = E,-Ej is the energy difference between states i and j in the nuclear 
compound configuration. Obviously, dP-j/dEj exhibits regular osc i l la t ions in 
the 6-electron energy Ej . These osc i l la t ions became s l igh t ly damped i f 
higher-order and many-electron effects are included. The electron spectra 
result ing from corresponding coupled-channel calculations is shown in the 
f igure. Without nuclear reaction time the spectrum is a smoothly f a l l i n g 
function, while a s t ick ing time T = 10~20s produces osci l lat ions wi th a 
period of 400 KeV. 

Me w i l l also discuss the effects 
hat could conceivably destroy the 
sc i l l a to ry pattern as seen in the 
i gure. 

Work supported by the Bundesministerium 
f i i r Forschung und Technologie, by the 
Gesellschaft fur Schwerionenforschung 
and in part (G.S.) by the Deutsche 
Forschungsgemeinschaft (Heisenberg 
Program). 

1) G.Soff, J.Reinhardt, B.Muller, and 
W.Greiner, Phys. Rev. Let t . 43̂  
(1979) 1981. 

Figure: Dif ferent ial emission proba
b i l i t y versus kinetic 6-electron 
energy. A coincidence wi th created 
lsa vacancy formation is required. 
The dash-dotted l ine represents the 
to ta l 6-ray spectrum (T = 1 0 " z o s ) . 
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THE 151 HeV Ne + Co REACTION LEADING TO CONTIMUUM ENERGY SPECTRA 

Nguyen Van Sen, F. Merchez, J.C. Gondrand and R. Darves-Blanc 
ISN, IN2P3, 53 Av. des Martyrs, 38026 Grenoble, Cedex France 

Although continuum energy spectra have been observed for many heavy-ion 
reactions, attempts to understand the shape of these spectra in terms of 
reaction mechanisms are quite recent. Beside the low-energy regime with ther
mal equilibration, a rapid onset of projectile fragmentation1' probably occurs 
at about 15 HeV/nucleon above the Coulomb barriers. DWBA calculations2' could 
describe the energy spectra for the reaction 4 0Ca( 2 0Ne, 1^0) at 262 and 
149 HeV by assuming the simultaneous occurrence of transfer and break-up reac
tions, with larger energy loss and wider energy distribution for transfer than 
for break-up reactions. 

In the present work, angular distributions of inclusive spectra were mea
sured with an ionization chamber for elements from B to Al produced in the 
bombardment of a ^'Co target by 151 MeV 2 0Ne projectiles from the Grenoble 
cyclotron. A grazing angle of about 18° lab. was obtained from the measured 
elastic scattering angular distribution. Most of the energy spectra measured 
are symmetrical bell-shaped distributions. For the 0 fragment however, the 
spectra at forward angles have a long tail in the lower energy part in agree
ment with previous measurements2'. Some spectra are shown in the fig., where 
Ep is the energy of the fragment having the projectile velocity. The 0 spec
trum at 20° lab. has a narrow component attributable to the break-up reaction. 
Such a feature is not clearly observed for the other fragments. Calculations 
were done with the statistical fragmentation model ' . The solid curves are 
obtained with a T = 2 MeV temperature while the dashed curbes come from the 
fit of the full distribution. The overall features of the present data are 
not at variance with the theoretical approach of the Texas group2' . 

20 

Z10 

f 0 

b 

• y i ft / i 

20" A 

2 0 N e + 5 9 C o 151 MeV 
N 10l- C 

5-
* . * > . . 

20' 

60 120 BO 120 60 120 
LAB. ENERGY (MeV) 

1. C.K. Gelbke et al., Phys. Rep. 42_ (1978) 311 
2. H. Frohlich et al., Phys. Rev. Lett. A2_ (1979) 1518 
3. A.S. Goldhaber, Phys. Lett. 53B (1974) 306 
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KflDN PRODUCTION IN RELATIVTSTIC NUCLEAR COLLISIONS* 

JjSrgen Bandrup and Che Ming Ko 
Nuclear Science Division, Lawrence Berkeley Laboratory 

Berkeley, CA 94720 

Presently an experiment is underway to neasure the spectrum of 
charged kaons produced in relativistic nuclear collisions at 2.1 GeV per 
nucleon. Although the partial cross section for kaon production is 
relatively small, such an experiment is of great interest because of the 
important new information it may provide about the nuclear collision 
dynamics. The positive kaons have a relatively small interaction cross 
section (~9 mb) with nucleons so that they are more likely to escape 
unperturbed once created. Since the threshold (-1.6 GeV) for their 
production is relatively high on the scale of presently available beam 
energies, the kaons are predominately produced before the initial 
kinetic energy is substantially degraded. They are therefore expected 
to be better suited as messengers of the primary violent stage of the 
collision which might otherwise remain quite elusive. 

We have studied kaon production in relativistic nuclear collisions 
on the basis of a conventional multiple-collision model. Our study, 
which is based on a conventional multiple-collision picture, employs the 
linear-cascade model with two baryonic states included: the nucleon 
N(940) and the delta resonance A (1232). The baryonic cascade then 
involves the process NN^NA^AA. Due to the Lorentz dilation factor, 
which is around 3, the deltas are not likely to decay until after the 
cascade is completed. The pions, whether created during the primary 
cascade or later, are expected to have too little energy to produce any 
kaons in their further interactions with the nucleons. We therefore 
expect that the dominant source of kaons is the primary baryon-baryon 
collisions. Since the partial production cross section for kaon is so 
small we may safely employ a perturbative approach in which the 
dynamical feed-back effect of the kaon production in the further 
collision process is ignored. 

The quantities needed in order to generate the kaon spectra 
associated with a nucleus-nucleus collision are the kaon spectra 
associated with the various types of elementary baryon-baryon 
collisions. Since the experimentally available information is limited 
to proton induced reactions at few energies, we have developed a simple 
one-pion-exchange model to generalize the experimental data. 

We have calculated the kaon production cross section for cases of 
actual experiment interest. The calculation yields kaon distributions 
which are nearly isotropic and centered near the mid-rapidity. 

The total inclusive kaon cross sections scale approximately with the 
product of the projectile and target nucleon numbers. The Fermi motion 
of the nucleons is instrumental in producing kaons at large angles and 
energies. The predictions obtained from the above multiple-collision 
model are significantly different from what would result in a thermal 
model, so the kaons should be well suited for discriminating between 
these different pictures. 

*This work supported by the Division of Nuclear Science of the U. S. 
Department of Qiergy under contract No. W-7405-eng-48. 
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ENERGETIC PROTONS FROM THE 1 2 C + 6 0 N i REACTION 

R. L. Robinson, R. L. Auble, J . B. B a l l , F. E. Bertrand, R. L. Ferguson, 
C. B. Fulmer, I . Y. Lee, M. J . Mar t in , J . R. Wu, and G. R. Young 

Oak Ridge National Laboratory*, Oak Ridge, Tennessee 37830 

J . C. Wells 

Tennessee Technological University, Cookeville, Tennessee 38501, and 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

H. Yamada 
Vanderbilt University, Nashville, Tennessee 37215 

A strong component of forward peaked protons with energies up to 70 HeV 
was found when 5 6Fe was bombarded with 192-MeV 1 Z C ions.1 To obtain infor
mation about the reaction mechanism(s) giving rise to these protons, we have 
measured coincidences between the protons and other charged particles with a 
similar reaction: 194-MeV 1 2 C on °°N1. The energetic protons were detected 
at four coplaner angles: 17°, 38°, -23° and -49°. The coincident particles 
were detected at 17°. The multiplicity M of charged particles occurring with 
these energetic protons was deduced. For this calculation, it was assumed 
that the angular distribution of the particles in the coincident mode was 
identical to that of the singles mode. The figure shows the extracted mul
tiplicities versus the Z of the coincident particles for different energy 
gates of the energetic protons. Two pronounced features are: 1) a signif
icant drop in M between the light ions (Z = 1, 2) and the heavier ones, and 
2) a substantial decrease 1n M with Increasing proton energy. The first 
feature indicates that if the energetic protons are emitted by an excited 
projectile-like nucleus, the part of the projectile-like nucleus not absorbed 
by the target usually fragments into small pieces. 

From the results presented in the figure and from the assumption that 
the number of neutrons emitted is 
equal to that of the protons, we 
estimated the average total number of 
nucleons emitted In coincidence with 
an energetic proton. The number is 
1-15 when the proton has E = 16-20 HeV 
and decreases to ^3 when E > 60 MeV. 
This suggests that as the energy of 
the proton is Increased, more of the 
projectile nucleons are transferred 
to the target nucleus. 

Similar features were observed 
for a 1 2 C projectile energy of 136 
HeV. 
•Operated by Union Carbide Corp. for 
the U.S. Department of Energy under 
contract W-7405-eng-26. 
1) J. B. Ball, C. B. Fulmer, M. L. 
Hallory, and R. L. Robinson, Phys. 
Rev. Letters 40, (1978) 1698. 
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STUDY OF HEAVY ION REACTIONS WITH C PROJECTILE AT 86 MeV/A 

C. Guet, M. Maurel, E. Monnand, J. Mougey, H. Nifenecker, P. Perrin 
J. Pinston, C. Ristori and F. Schussler 
DRF, CENG, 85X, 38041 Grenoble Cedex 

and 
M. Buenerd, A.J.Cole, D. Lebrun, J.M.Lolseaux, P.Martin 

R. Ost and P. de Saintignon 
ISN, IN2P3, 53 Av. des Martyrs, 38026 Grenoble Cedex, France 

and 
H.A.Gustafsson, B. Jakobsson, T. Johansson, G. Jonsson, H. Kruralinde 

I. Otterlund, H. Ryde, B. Schroeder and G. Tybell 
University of Lund, Sweden 

and 
J. Bondorf and O.B. Nielsen 

University of Copenhagen, Denmark 
12 The recent development of a beam of C of 86 MeV per nucleon at CERN 

synchrocyclotron and the possibility of having various other light projecti
les available in a near future ( 1 4N 98 MeV/A, 1 6 0 76 MeV/A, 1 9 F 77 MeV/A) 
open new prospects of investigating heavy ion nuclear reactions in this little 
explored region of incident velocity. 

The aim of the experiment reported here was to measure the energy and 
angular distribution of light fragments and projectile-like fragments by 
means of three telescopes in order to be compared to the equivalent data ob
tained at higher and lower incident energies, the purpose, being mostly to 
study the mechanism of peripheral collisions, projectile fragmentation proces
ses, hot spot formation and promptly emitted particles. 

The main telescope was made of four detectors : three diodes (Si 1 ram, 
Ge 2.8 mm, Ge 15 mm) with a 20 cm plastic scintillator coupled to a photcmul-
tiplier at the back of the set. The time of flight of the fragments was also 
measured between the target and the telescope, on a three meter flight path 
between two plastic scintillator foils (0.1 mm thick) . This ensenible was used 
to identify both heavy fragments and high velocity light fragments at forward 
angles (8 = 2 to 30°). 

The first results were obtained during a period of two weeks of 
1030 MeV 1 2 C beam. The data were taken on 1 2 C , 1 0Rg, 1 9 7 A u . The high quality 
of the beam (typical size •>• 1 cm on the target with no detectable halo, diver
gence £ 10 mrd) allowed measurements over an angular range or 2 to 20 degrees. 
The elastic scattering cross-section was also measured on ^ 2 C , 4 0Ca, " Y and 
208 p b. 

The preliminary results show that the elastic scattering angular dis
tribution on * 2C exhibits a typical Fraunhofer diffraction pattern, whereas 
it is the Fresnel type of diffraction which dominates for the ' 0 8Pb target. 
The energy spectra of the fragments measured on the various targets are pea
ked at the value corresponding to the projectile velocity, feature expected 
from projectile fragmentation. The angular distributions of the fragments 
decrease exponentially, the heavier the fragment the steeper the slope, howe
ver, isobars of A = 7 and 10 have slopes markedly different. There has also 
been found a certain amount of 1 2 B isotope, which cannot be produced in a pro
jectile fragmentation process, and which should arise either from nucleon ex
change between projectile and target or from charge-exchange interaction 
(charged-pion exchange) between one nucleon of the target and one nucleon of 
the projectile. A few spectra have also been taken after beam degradation 
down to 58 MeV/A, showing rather large neutron pick up cross-section. 
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INFLUENCE OF SPIN-ORBIT COUPLING IN (3He,7Be) a-piCKUP ' 
P. Lezoch, H.-J. Trost, Md.A. Rahman and U. Strohbusch 

Zyklotronlabor 
I. Institut fiir Experimentalphysik 

Universitat Hamburg 
D-200O Hamburg 50, Fed. Rep. of Germany 

The (3He,7Be) reaction is generally agreed to proceed via a-
pickup mechanism. Nevertheless a-transfer DWBA predictions com
parable to those for the case of the "classical" a-transfer-reac-
tion (6Li,d), or its inverse, are still missing. A difficulty we 
want to point out here in particular becomes evident from the 
observation that the angular distributions for the two bound 
states 7Be(3/2 ) g - s _ and 7Be(1/2 )0.43 differ significantly in shape. 

In order to investigate to what extent this can be attrib
uted to spin-orbit coupling effects, the exact finite range code 
LOLA has been extended 1' to include SO-coupling in both the 
entrance and exit channels. The figure displays the experimental 
angular distributions of the ratio R(6) =03/2(61/01/2(0) obtained 
at the Hamburg isochronous cyclotron at E(3He) =41 MeV together 
with the relevant a-transfer DWBA predictions for target nuclei 
1 2 C , 1 6 0 , 2"Mg and S BNi. The curves represent a-pickup DWBA calcu
lations both without (dashed curves) and with spin-orbit coupling 
in the entrance and exit channel optical potentials. 

The main results are summarized 
as follows: (i) Contrary to the ex
perimental evidence, RDWBA i s essen
tially constant when neglecting spin-
orbit terms, (ii) A spin-orbit term 
in the 7Be bound state potential 
reproducing the 430 keV splitting be
tween the 3/2+ and 1/2" states has no 
effect on R. (iii) Drastic changes 
are obtained when spin-orbit coupling 
is switched on for the 7Be exit chan
nel even with the rather small 
strength of Vgo = 1 MeV (assuming 1 /A-
proportionality of Vgo for composite 
particles). The effect is enhanced 
when the 3He channel includes spin-
orbit interaction simultaneously 
(solid curves). 

'0 30 "" 60 go 
ec.m. 

t ) Supported by t h e "Bundesministerium fur Forschung und 
Technologie" 

1) P . Lezoch, Thes is 1980 and to be pub l i shed 
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CHOICE OF "PHYSICAL" 6Li OPTICAL POTENTIALS 

P. Lezoch, H.-J. Trost and U. Strohbusch 
Zyklotronlabor 

I. Institut fur Experimentalphysik 
Universitat Hamburg 

D-2000 Hamburg 50, Fed. Rep. of Germany 
The volume integral per interacting nucleon pair over the 

real optical potential term in first approximation is expected to 
be independent of the mass number of the projectile. Comparison 
with uniquely determined values of JR from micleon-nucleus scat
tering analyses thus serves to remove the well-known discrete am
biguity in elastic scattering analyses for composite particles. 
On the other hand, growing work on 3He scattering analyses 1' 
indicates a severe suppression of jR< 3He) as compared to J R ( P ) . 
This is qualitatively understood in terms of Pauli blocking 
effects. Reliable quantitative predictions of this suppression 
are, however, still missing. 

For the purpose of (6Li,d)-DWBA analyses we are particularly 
interested in selecting physically meaningful potentials for sLi 
projectiles. We have therefore compiled the results of sLi elas
tic scattering analyses2' . In the figure, the corresponding mag
nitudes of J R ( 6 L U are plotted against target mass number for 
several successive discrete families. On the basis of a compari
son with the magnitudes of J R for p, d and 3He projectiles 
(dashed lines) we suggest that it is family number 4 which repre
sents the physical 6Li potentials. For radius R R = 1 . 3 - A 1 ' 3 this 
family corresponds to the real potential depth of V R ~150 MeV at 
A> 40, whereas V R =190 and 230 MeV is obtained for families 5 and 
6 respectively. Watanabe folding of d and a potentials through 
a-d cluster wave function reveals V R =240 MeV. 

The importance of these 
considerations is stressed by 
the fact that discrete poten
tial ambiguities appear to 
persist in (6Li,d) a-transfer 
DWBA analyses 3'. The resulting 
spectroscopic factors vary by 
factors of 2^5 for successive 
6L1 potential families. 

'0 20 40 60 SO 
A 

t) Supported by the "Bundesministerium fur Forschung und 
Technologie" 

1) H.-J. Trost et al., Nucl.Phys.A (1980) in press and contribu
tions to this conference 

2) C M . Perey and F.G. Perey, At. DataNucl. Data Tables 17(1976)1; 
R.I. Cutler et al., Phys. Rev. C15(1977)1318 

3) P. Lezoch et al., contribution to this conference 
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A-DEPENDENCE OF a-SPECTROSCOPIC FACTORS -
NUCLEAR STRUCTURE OR DWBA EFFECTS?t) 

P . L e z o c h , H . - J . T r o s t and U. S t r o h b u s c h 

Z y k l o t r o n l a b o r 
I . I n s t i t u t f i i r E x p e r i m e n t a l p h y s i k 

U n i v e r s i t a t Hamburg 
D-2000 Hamburg 5 0 , F e d . R e p . of Germany 

I n o r d e r t o t r a c e t h e o r i g i n s o f f l u c t u a t i o n s and u n c e r t a i n 
t i e s i n t h e a - s p e c t r o s c o p i c f a c t o r s d e r i v e d from e x p e r i m e n t a l a -
t r a n s f e r d a t a , we h a v e i n i t i a t e d a s y s t e m a t i c a n a l y s i s o f a l a r g e 
s a m p l e of a n g u l a r d i s t r i b u t i o n s . H e r e we p o i n t o u t t h e e x i s t e n c e 
o f d i s c r e t e a m b i g u i t i e s i n DWBA a n a l y s e s o f e x p e r i m e n t a l ! ) ( t i . d ) -
a n g u l a r d i s t r i b u t i o n s . Some examples a r e p r e s e n t e d i n f i g . 1 , 
w h i c h d i s p l a y s FRDWBA p r e d i c t i o n s f o r two n e i g h b o r i n g 6 L i o p t i c a l 
p o t e n t i a l s (no o t h e r p a r a m e t e r c h a n g e s ) . F a c t o r of 2 * 5 d i f f e r 
e n c e s i n t h e c o r r e s p o n d i n g s p e c t r o s c o p i c f a c t o r s a r e o b t a i n e d . 
T h i s i s d e m o n s t r a t e d more s y s t e m a t i c a l l y i n f i g . 2 , d i s p l a y i n g 
s p e c t r o s c o p i c f a c t o r s f o r t h r e e n e i g h b o r i n g 6 L i p o t e n t i a l f a m i 
l i e s t o g e t h e r w i t h t h e m a g n i t u d e s of t h e r e a l p o t e n t i a l vo lume 
i n t e g r a l J R c h a r a c t e r i z i n g t h e p o t e n t i a l f a m i l y . 

The p r e s e n t r e s u l t s s u g g e s t t h a t t h e l a r g e maximum i n S a 

o b s e r v e d p r e v i o u s l y 2 ' a t a round A = 4 0 , b u t n o t o b t a i n e d h e r e , i s 
d u e t o a c h a n g e i n t h e p o t e n t i a l family" . 

T ' I ' 1 ' 1 > T • 1 r 

e , m iool—.—i—.—i . i .—i——i—.—L 
^ ' 12 20 28 35 U 52 60 

"torgel 
F i g . 1 F i g . 2 

1-) S u p p o r t e d b y t h e " B u n d e s m i n i s t e r i u m f i i r F o r s c h u n g und 
T e c h n o l o g i e " 

1) U. S t r o h b u s c h e t a l . , P h y s . Rev. L e t t . 3 4 ( 1 9 6 5 ) 9 6 8 ; 
H.W. F u l b r i g h t e t a l . , N u c l . P h y s . A284"(T977)329 

2) N. Anan ta raman e t a l . , P h y s . Rev. L e t t . 35 (1975)1131 
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THEORETICAL STUDY OF MASS DISTRIBUTIONS IN HEAVY ION 
REACTIONS BETWEEN SULFUR AND MEDIUM-WEIGHT NUCLEI 

A. Lejeune and J. Richert 

Departement de Physique Nucleaire Theorique 
Centre de Recherches Nucleaires 
67037 Strasbourg-Cedex, France 

3 2 S on 5 9 C o , 65„ 74_ Cu, Ge 7 9Br, 8 5Rb and 89„ The reactions of S on Co, Cu, Ge , Br, Rb and Y were 
studied ') in the energy range 1C.Z < Eiab < '84 MeV. The double differential 
cross sections d^a/dSdy (y = (A2 - A|)/A) show asymmetric fragmentation center
ed around the target mass in the case of Co and go gradually towards symme
tric fragmentation in the case of heavier targets. 

We try to describe these distributions in the framework of a transport 
model 2). The drift coefficient is directly related to the total potential 
U(y) = B(A|) + B(A 2) + E r o t(A,) + Erot(A2) + U n u c l + 

^cent + ^coul 
The sum of experimental mass defects B(Ai) + B(A2) as a function of y 

shows a dip centered at the entrance channel fragmentation in the case of Co 
and decreases towards symmetry (y = 0) in the other cases. Fig. 1 shows this 
behaviour for two sys
tems. A careful analy-15 

sis of the mass defects 
shows that the diffe
rence is unambiguously 
due to shell effects. 
The potential U gene-"^ 
rally behaves in the u 
same way, at least £j 
for 4 > £ f u s . 
These results are 
thought to explain 
qualitatively the ex
perimental data. 

This is in fact 
confirmed by dynamical 

-35 

OS a? B3 02 OJ 
Fig 1 V 

calculations in whirl, the transj-ort equation for the mass distribution 
P(y,t) is coupled t' classical equations of motion 3) and solved numerically. 

Permanent address : Institut de Physique, Universite de Liege, B-4000 
Sart Tilman, Belgium. 

H. Oeschler, P. Wagner, J.P. Coffin, P. Engelstein, B. Heuch, 
Phys. Let. 87B (1979) 193 
S. Ayik, B. Schumann, W. Norenberg, 
Zeit. fur Phys. A227 (1976) 299 
K. Siwek-Wilczynska, J. Wilczynski, 
Nucl. Phys. A264 (1976) 115 
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In-BEAM Y-RAV SPECTROSCOPY ON 71*Kr WITH A NEUTRON 
MULTIPLICITY TECHNIQUE •• 

J. Roth, L. Cleemann, J. Eberth, W. Neumann* 
R. B. Piercey, A. V. Ramayya, J. H. Hamilton 

•Institut fttr Kernphysik der Universitat zu K61n, 
'J-5000 KQln 41, West-Germany 

Vanderbilt University, Nashville, USA. 
7 l ,Kr is expected to be an additional test of the interpreta

tion that the lighter Kr-isotopes change their character from an 
axial symmetric rotator to a triaxial structure in Kr, which is 
also supported by IBM calculations l>. We studied the 5 8Ni( 1 9F, 
p2nT)7l*Kr reaction. Because of the neutron deficient compound nuc
leus the p2n channel to 7hKr is rather weak in this reaction. For 
this reason we applied a neutron-gamma coincidence technique with 

a large liquid scintillator with four in
dependent segments which allowed a 1 to 
4 fold neutron multiplicity measurement. 
With this experimental setup we achieved 
a good identification of thp residual 
nuclei (fig. 1). For 7 l ,Kr many unknown 
transitions could be identified. A pre
liminary lpvel scheme of 7"Kr (fig. 2) 
was deduced from n~y and n-n—r yield 
functions (E( 1 9F> = 5 8 - 6 8 MeV) and 
n-y-y coincidence measurements. These re
sults are in excellent agreement with 
the IBM prediction. 

1) 0. Kaup, A. 
311 (1979) 

Gelberg, Z. Physik A 293, 

J 
Fig. 2 

*» Supported in part by the German BMFT 
Fi g.1s Comparison of y-singles, n-y- and 
n_n—^-coincidences of the reaction 1 9 F on 
"Ni. 
Fig. 2: Level scheme of 7 l (Kr. 
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A PARITY DEPENDENT POTENTIAL MODEL APPLIED TO BACKWARD ANGLE ANOMALY 
IN 9Be+ 1 2C SCATTERING 

Shigeo Ohkubc 
Department of Applied Science, Kochi Women's University 

Kochi 780, Japan 
9 12 1) 2) 

Recent experiment of Be scattering from C ' have shown that anoma
lous increases of cross sections occurs at backward angular region. The angu
lar distributions resemble V shape. It has been difficult to reproduce this 
anomalous backward rise by the usual optical potential model, which suggests 
other reaction mechanisms at backward angles. 

A parity dependent potential model^),which has been proposed from the 
viewpoint of the Pauli principle,is applied to the ^Be-h^C scattering. The 
interaction potential is characterized by V(r)=V 0p t(r)+(-) L V e x ( r ) . The 
former is parity independent part and the latter is parity dependent one. For 
V Qp t(r) we take the potential of Ref.2). The parity dependent term Vex is 
assumed to be of surface type of Woods-Saxon and the potential parameters 
are searched to reproduce the. data. 

The experimental data '' ' at E =20,26,39.68 and 43.75 MeV are malyzed 
. The usual optical potential model 3 calculations 
with V part switched off (dotted lines) show 
angular distributions decreasing toward large 
angles. The calculated cross sections at backward 
angles are about a few orders of magnitude smaller 
than the experimental data. On the contrary the 
parity dependent potential model calculations( 
solid lines) reproduce the data satifactorily not 
only at forward angles but also at backward angles 
. At E , =20 and 26 MeV the backward angle oscil
lations are fairly well reproduced. 

It is found that the 
parity dependent poten
tial explains well the 
backward rise in Be+ C 
scattering. A prelimi
nary coupled channel 
calculation shows that 
the backward rise in 
inelastic scattering of 
9Be+- C(2+;4.43 MeV) at 
E b=39.68 MeV is also 
satisfactorily repro
duced by the present 
model, while the usual 
optical potential model 
fails. The parity depen
dent potential model 
may be extensively ap
plicable to backward 
angle anomaly in heavy 
ion scattering. 
1. J.Lang et al,in Clustering Aspects of Nuclear Structure and Nuclear Reac

tions,ed. W.T.H.Van Oers et al.(AIP,N.Y. 1978)p.682. 
2. J.Mateja.A.D.Frawley.P.B.Nagel and L.A.Parks,Phys.Rev.020(1978)176. 
3. Y.Kondo,S.Nagata,S.Ohkubo and 0.Tanimura,Prog.Theor.Phys. 53(1975)1006. 
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PIONS IN THE STATISTICAL PICTURE OF HIGH-ENERG* HEAVY-ION COLLISIONS* 

Steffen Bohrmann and Jorn Knoll 

Nuclear Science Division, Lawrence Berkeley Laboratory 
Berkeley, CA 94720 

on leave of absence from 

Max-Planck-Institut fur Kernphysik and 
Institut fur Theoretische Physik der universitat 

6900 Heidelberg, Germany 

Recently high-energy nuclear collisions^ have been studied by means of 
a statistical model.2 It describes the observed cross sections in terms 
of contributions arising from dynamically independent groups of interacting 
nucleons, ascribing highest entropy distributions in line with the conserva
tion laws to each group. The model has particularly elucidated the role of 
finite particle number effects in inclusive proton spectra.3 In this work 
the model has been extended to include the production of pions. As in 
Fermi's statistical theory^ the rate of pions produced out of a group of 
nucleons follows from the assumption of complete equilibrium in all degrees 
of freedom in the system which is assumed to be confined bo a given volume. 
Consequently and analogously to other thermo-chemical models^ a density 
parameter governs the production rates. This is the only free parameter of 
the model. It has been chosen such as to reproduce the observed pion 
multiplicities at 800 MeV/A beam energy. 

As a consequence of the finite number of particles involved in a heavy-
ion reaction the asymptotic slopes of the one-particle spectra (protons or 
pions) turn out to be steeper than those calculated with models using bulk-
limit distributions^ and are in fair agreement with experimental data. 
Especially the dependence of the spectra on the mass of the colliding system 
can be explained as an effect of the respective difference in the numbers of 
particles involved. Furthermore, some of the scaling features of inclusive 
pion spectra** can be reproduced and seem to reflect the dominance of kine-
matical effects in these cases.7 The statistical model in general proves 
to be superior to other models based on the equilibrium assumption in all 
cases where kinematical limits are being approached, e.g. for pion produc
tion under forward angles which was recently measured up to the kinematical 
limit. 8 

While the pion production rates still remain to be understood, the 
inclusive proton- and pion-spectra reflect a great deal of features typical 
for equilibrized but finite systems. 

•Work supported in part by Bundesministerium fur Forschung und Technologie, 
Germany, and by the Division of Nuclear Physics of the U. S. Department of 
Energy under contract No. W-7405-eng-48. 

1. S. Nagamiya, et al., Phys. Lett. M B (1979) 147 and I. Tanihata, et al., 
Phys. Lett. 87B (1979) 349. 

2. J. Knoll, Phys. Rev. C 20 (1979) 773. 
3. J. Knoll, to be published in Nucl. Phys. A. 
4. E. Fermi, Progr. of Theor. Phys. 5 (1950) 570. 
5. J. I. Kapusta, Phys. Rev. C 16 (1977) 1493 and J. Gosset, J. I. Kapusta, 

G. D. Westfall, Phys. Rev. C 18 (1978) 844. 
6. J. Papp, et al., Phys. Rev. Lett. 34 (1975) 601. 
7. R. H. Landau, H. Gyulassy, Phys. Rev. C 19 (1979) 149. 
B. E. Aslanides, et al., Phys. Rev. Lett. 43T(1979) 1466. 
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(oUp) Reaction Induced by 31.2 MevdParticles 
Yang Jing-jin, Ni Xing-bo, Chang Yin-ji, Jiang Da-zhen 

Cheng Hsiao-wu 
Institute of Nuclear Research, Shanghai, China 

Preequilibrium emission of nucleons and other light parti
cles in medium energy nuclear reactions induced by light projec
tiles has been of considerable interest in the last several years. 
Bxciton and hybrid models successfully predict both the angle 
integrated spectra and the preequiiibrium fraction in these reac
tions. But relatively few work was concerned with the angular 
distributions of the emitted particles. We measured spectra of 
protons emitted in (o(,p) reactions on Al,V,Fe and Co targets at 
five different angles. Incident oc beams were accelerated at the 
cyclotron of insititute of nuclear research, Shanghai, China, to 
an energy of 31.2 Hev. Particle identification was performed 
with a conventional AE-E telescope. In these spectra, two com
ponents, correaponding to equilibrium and preequilibrlum emission 
can ba identified. The angle integrated spectra were fitted with 
statistical and hybrid models. The experimental result for 51V 
(o«,p} reaction together with the theoretical calculation are 
given in Fig 1. 

Ep(Mev) 

The angular distributions of emitted protons were calculated 
using the model proposed by Hantzouranis e t .a l .1) and compared 
with experimental results . Parameters used in the analysis are 
discussed. 

1. G.Itentzouranis, H.A.Weidenmuller and D.Agassi, Z.Physik 
A276 (1976) 145 
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Measurement of E j e c t i l e s in HI Reaction in 
the Wide Angular Range (9 >1.5°) 

Fukuda*, M. Tanaka**, H. Ogata, I . Hiura, M. Inoue, 
T. Yamagata* S. Nakayama , H. Kamitsubo and M. Ishihara 

Research Center for Nuclear Physics, Osaka University 
* Dept. of Phys., Osaka Univ., ** Kobe Tokiwa Junior College 

*** Dept. of Phys., Konan Univ., + Coll. of Gen. Education, Tokushima Univ. 
++ Institute of Physical and Chemical Research 

It is customary to classify the deflection function for the deep inelas
tic collisions (DIC) in heavy ion reactions into two categories; orbiting and 
focussing. It has been argued1' based on the classical friction model that 
the reaction systems with relatively la**je (small) incident energies with 
respect to the Coulomb barriers tend to show the orbiting (focussing) nature. 
In fact, systematic study of the differential cross section d2o/dEd6 in vari
ous reaction systems seems to support this conjecture. However such observa
tion may often be ambiguous because of the absence of the data at very forward 
angles, where intense elastic scattered particles disturb the measurements. 

In this experiment, we measured d2o/'iEd8 in the angular range which 
covered forward angles down to 1.5°. The differential cross sections were 
detected for various products (from ''He to 1 3C) in the 1 1 ,N+ 9 3Nb reaction at 
E (I'tNJalia, 159 and 209 MeV. The reaction products at the angular range of 

W 1 0 ° were identified with a conventional Si detector telescope consisting 
of 30 urn AE] , 100 um A E 2 and 5000 urn E counter. For the measurement at the 
very forward angles (1.5°£9 -^10°), the bending (dipole) magnet at the target 
and the momentum selector (quadrupole triplet magnet) were incorporated. 

The typical example of the contour plots of the experimental differential 
cross sections d Q/dEd8 (in units of ub/MeV.rad) in the C M . angle vs. energy 
plane is shown for (^N, ^B] reaction in the figure. The so-called quasi-
elastic (QE) components are located around the grazing angle 6 with large 
cross sections extending to considerably large negative Q-values. In addition 
relatively weak components of DIC are observed for the large negative Q-values 
and in the wide angular range. A significant aspect is fact that the most 
probable deflection angle is nearly constant down to the very large negative 
Q-values. 

This observation is obviously contradictory 
with the orbiting feature that the ridge of the 
cross section moves to and crosses the zero degree 
as the |Q| value is increased. It is to be stressed 
that the same patterns of the deflection functions 
were generally observed for the whole reaction 
products irrespectively of bombarding energies. The 
present finding of the focussing nature rather than 
orbiting in the reaction studied, in which incident 
energies extremely exceeds the Coulomb barrier, 
clearly deviates from the hypothesis** mentioned in 
the beginning, casting doubt on the application of 
the simple classical description to reaction induced 
by relatively light heavy ions such as studied here. 

1) J. Galin, J. de Phys. C5-37 (1977) 83. 
0 cm. 
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NUCLEAR INTER \CTION:; OF HEA7Y TARGETS 1TH~ o HsV/u- ' U ••••:; J 
84 MeV/u-12C, STUDIED \;ITH MICA AND CR-39 TRACK DETECTORS 
R. Brandt, P. Vater, B. Grabez , and P.A. Gottschalk 
Kernchemie, FB 14, Philipps-University, 3550 Marburg, F.R.G. 

The 2TT-geometry technique using uranium target and mica 
track detectors 'nave been employed at the U/ilLAC i.;~-I, Darm
stadt), usin^ u-beanis. One observes four- and Cive-pron^ed 
events. They are interpreted as double- •'nd triple se?;uenti = l fission. Jonparing the out-of-nlane -'n.:ular distributions for 
double-sequential processes in the c.#.<••.-system, we observe 
experimentally a ''smearing-out" of such a distribution, when 
the uraniuti-energy is increased fron 7.5 MeV/u un to i.C l\eV/U. 
This is interpreted as an oneninr of many reaction channels 
at the higher energy which involve passive angular monentum 
transfers. 

Using the same 27i -geometry and Pb-targets on CR-39 Plastic 
track detectors, we carried out irradiations at the CER.J-SC 
(jeneva) with ?6 iieV/u- ~ ions. Preliminary results indicate, 
that i;e can study target-like fission i.'.rr.ents after = short 
etching time, v.'hile nrojectile-like light fnjnents are re
vealed =fter a longer etching time. The decicive role of the 
"track-induction-time" for tne experiment will be discussed. 

This experiment was supported by zhe DI'FI, Bonn. 

visiting scientist from the institute of Physics, helgrad 
Reaktorsicherheitskoraission, Koln 
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ANGULAR MOMENTUM TRANSFER IN DEEP INELASTIC COLLISIONS OF 280 MEV AR ON NI 
AS DETERMINED BY SECONDARY PARTICLE EMISSION 

R.Babinet, B.Cauvin, J.Girard 

C.E.N. Saclay, DPHN/MF, BP n°2, 91190 Gif-sur-Yvette, France 

and J.M.Alexander+, T.H.Chiang + , J.Galin, B.Gatty, D.Guerreau and X.Tarrago 

Ins t i t u t de Physique Nucleaire, BP n ° l , 91406 Orsay, France 

In th is work, we have investigated the angular momentum transfer in deep 
inelast ic col l is ions by measuring both protons and a-part ic les in correlation 
with the deep inelast ic fragments. F i r s t , we have shown that most of the l i gh t 
par t ic le y i e l d could be accounted for by s ta t is t i ca l evaporation from the de
tected fragment and i t s complement. This is nicely suggested in f i g . l where 
the invar iant cross sections for a-particles are plotted versus parallel and 
transverse momenta. In any d i rec t ion , the maximum of the distr ibut ion coinci
des with what is expected when considering evaporation from two moving sources 
(symbolized by the f u l l l ine c i rc les in the p lo t , whereas the dashed l ine c i r 
cles simply indicate the experimental detection thresholds). Furthermore, a 
two dimensional f i t of the data has allowed to check the evaporative or ig in of 
the l i g h t part icles most accurately. 

In a second step, a classical analysis of the out of plane angular d is 
t r ibu t ion of the a particles has led to the determination of the spins of the 
emitting fragments provided the i r f u l l alignment is assumed. In f ig .2 the data 
are compared with what is expected from r ig id rotation of the dinuclear compo
site system. A good agreement is found when the actual deformation of the com
posite system at scission is considered. 

F ina l ly , in a th i rd step the proton and alpha-part icle mul t ip l ic i t ies 
and the i r ra t io are being checked against standard evaporation calculations 
using the GROGI-2 computer code. As a l l these quantit ies depend very much on 
the spin of the emitter,an independent determination of the spins is attempted. 
In p r inc ip le , a comparison between these two determinations should allow to 
test a possible disalignment of the DIC fragments. 

F ig . l 

" t a t 

Kkm 
tt in coincidence 

with z * 16 

Ckarft •! fcioif lro(iM«t , I_ 

Fig.2 

C W f tt H** >rat"Mr . I , 

Present address 

+ +Present address 

Dept. of Chemistry, State University of New York at Stony 
Brook N.Y. 11794, U.S.A. 
Dept. of Physical Technics, University of Peking, China. 
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VEJW ENERGETIC PROTONS PRODUCED IN RELATIVISTIC NUCLEAR COLLISIONS 

B. Schurmamr and K.M. Hartmann* 

Physics Department, Technische Universitat MQnchen, D-8046 Garching, F.R.G. 

H.J. Pirner 

Institut fur Theoretische Physik, D-6900 Heidelberg, F.R.G. 

Like in our previous work / the inclusive production of protons is assumed 
to proceed via incoherent multiple scattering. The single contribution is 
calculated within a covariant impulse approximation whereas the higher order 
collisions are described by transport equations of the Fokker-Planck type. 
The approach of ref.l) is generalized in two respects: 
(i) We use a relativistic Green function for the transport equations, 
(ii) Depending on peripheral or central collision geometry we construct 

two Fokker-Planck equations with different asymptotic solutions. 
The peripheral limiting distribution possesses a lower temperature than the 
central fireball. It is centered around a non-zero average momentum in the 
rest frame of the colliding nuclei thus being anisotropic in this frame. 

The improvements (i! and (ii) are 
instrumental for a satisfactory de
scription of both inclusive and high-
multiplicity (high-M) cross sections 
of very energetic protons. In the 
figure, these cross sections are shown 
as functions of the c m . angle 8* at a 
fixed c m . energy E*= 600 HeV for pro
tons produced in an Ar+KCl-collision at 
800 MeV/N. As can be concluded from the 
figure, our calculations are in quite 
good agreement with the data of ref. 2). 
We emphasize that for the usual Gaussian 
Fermi-distribution of the nucleons single 
scattering contributes very little to 
this kinematic region (E*=600 MeV). The 
dominant source for the production of 
such high-energy protons at forward 
and backward angles is peripheral 
multiple scattering for the inclusive 
data,and near 8*=90° central multiple 
scattering. 

10" 

S3 8 

T 1 1 
E"=600MeV 
• INCLUSIVE DA1A 
» HIGH - M DATA 

-I I I I L. 
30 60 90 120 150 

e" (degrees) 

+Work supported by BMFT. 
•Present address: Hahn-Meitner Institut fur Kemf or schung, D-1000 Berlin 39 
1. H.J. Pirner and B. Schumann, Nucl.Phys. A 316 (1979) 461 
2. S. Nagamiya, Symposium on heavy-ion physics from 10 to 200 MeV/amu, 

Brookhaven, July 1979; LBL-9494 (1979) 
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LOCAL DENSITY DEPENDENCE EFFECTS ON THE SCATTERING 
OF HEAVY IONS AND ALPHA PARTICLES1" 

L.J.B. Goldfarb and Pierre Nagel 

Department of Theoretical Physics, 
The University, 

Manchester M13 9PL, U.K. 

The effective nucleon-nucleon interaction used in folding calculations 
for scattering processes is expected to show density dependence which is 
normally taken to be of a local character. One hopes to express this density 
dependence in a global fashion so that applications can be given to a variety 
of nuclear targets. The double-folding model provides a form for the real 
part of the projectile-target optical model that is given by 

V(R) = I drjdr^ P1lx_1) P ? (£2> v (a,p) 

v(s,p) = vx(s) + v 2(s) exp[-3p1(r1+'is) - Bp(r^-hs) ] 

where s_ = £n-—l+5.- T n e v*-ew *-s taken that the interacting nucleons contri
bute to the local density p at their midway position. This complicates the 
calculation and therefore one usually ignores the s-dependence of the expo
nential factors in the expression for v. Such a procedure appears arbitrary 
with the realisation that significant contributions from v come from nucleon-
nucleon separations ^1-2 fm. Moreover, the densities are also known to con
tribute in an important way through the tails of their distributions. 

We devised a method to calculate for such s-dependence and our con
clusion is that the error in calculations of the differential cross-sections, 
ignoring the s-dependence, is of the order £5%, except near the scattering 
minima where the errors are slightly more significant and in situations 
where there is penetration into the nuclear interior. A full calculation is 
mandatory in the latter case. 

We compared different forms for the density dependence. One is that 
developed by Jeukenne et al̂ -' and this bears similarity to the one proposed 
by Myers using a liquid-drop treatment. Another form was introduced by Day 2). 
Finally, there is the M3Y interaction developed by Satchler and Love2', which 
is also asserted to show some density dependence. The density-dependent 
features are generally of a similar nature for most heavy-ion scattering 
processes. We find that, as long as the angular distributions are non-
oscillatory, the interaction of Jeukenne et al and the M3Y interaction show 
similar fits to the differential cross-section in regions where the yield 
is sizeable. The Day interaction, on the other hand, underestimates the 
yield by factors near 0.4-0.6 where a/°R is of the order of 0.1. Allowance 
for the local-density dependence in v leads to a greater dependence in V(R) 
on the choices made for the densities and this points to the need for careful 
delineations of nuclear densities. 

This work was supported by the Science Research Council. 
1. J.P. Jeukenne, A. Lejeune and C. Mahaux, Phys. Rev. CIS (1977) 80. 
2. G.R. Satchler and W.G. Love, Phys. Rept. 55̂  (1979) 183. 
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N0N ORTHOGONALITY EFFECTS IN HEAVY ION TRANSFER REACTIONS 

L.J.B. Goldfarb, V.A. Managoli1 ' and S.J. Singleton 

Department of Theoretical Physics, 
The University, 

Manchester M13 9PL, U.K. 

The derivation of the DWBA result for single nucleon transfer, when put 
in the context of the coupled-channel formalism, proceeds on the assumption 
that the bound-state wave functions of the transferred nucleon are ortho
gonal. This is clearly not so, because of the separation of the nuclear 
cores. A measure of the importance of this effect is the degree of overlap 
of the two bound-state wave functions ^(r^) and iji-tr̂ ), which we denote by 
NoB '£-1' £2'" T* l e P e r i P n e r a l nature of most heavy-ion transfers suggests that 
N ag is small enough so as to ignore non-orthogonality. This has, however, 
been put to test only for a few reactions. 

Our calculations proceed in the normal way leading to the DWBA result, 
but allowance is made for non-orthogonality. The procedure is iterative in 
that we stop at second-order terms tl.at come into play in conventional 
coupled-channel calculations. The result is a correction to the incoming 
channel wave function AXi involving three terms A'P; p = 1, 2 and 3: 

* ( l ) • v f •-.,. {".-;• *r %> i r ^ L 
*' 2 ) = I B- ^ ' ^ i ^ f V e ^ i f ^ . ; . xi° )(rv,!dr 2| £ fdr 1| £,dr: 

with A' 'similar to A 1 'except for the involvement of the residual inter
action AVj and a Green-function appropriate to the exit channel. A 1 'is 
easiest to evaluate and is similar to one calculated earlier by Goldfarb and 
Takeuchi for (d,p) reactions. The other terras bring in difficulties because 
of dependence on displaced variables. We approximate, employing the local-
momentum treatment for the dependence of Xi on the shifted variables. This 
has been applied with some success by Braun-Munzinger and Harney1'. Satis
faction of the constraints on the variables bring focus on H-values somewhat 
lower than those associated with grazing. 

Our calculations cover the reactions c( 0, O) C, leading to the 
ground-state 1 7 0 and 1 7 0 * , the first excited state and the 2 9Si( 1 G0, 1 70*) 1 8Si 
reaction. Comparison of the A'P'terms shows A' ' dominance. The other two 
terms are small and also cancel each other out. We used conventional 
optical-model potentials and also the surface semi-transparent potentials of 
Baltz et al*', both of which were appropriate to these reactions. The 
latter potentials do, however, place emphasis on partial waves favoured by 
non-orthogonality so that the effects become larger. Allowance for coupling 
to 1'0 and *'o* leads to corrections as high as 5-10%. The r.+o reactions 
are, however, particularly selective in that they involve large tails of 
bound-state wave functions and this enhances our corrections. 

t This work was supported by the Science Research Council. 
tt Present address: Physical Research Lab., Navrangpura, Ahmedabad, India. 
ttt Present address: Ferranti Ltd., Manchester, U.K. 
1. P. Braun-Munzinger and H.L. Harney, Nucl. Phys. A223 (1974) 381. 
2. A.J. Baltz, P.D. Bond, J.D. Garrett and S. Kahana, Phys. Rev. 12C 

(1975) 136. 
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MULTI-PARTICLE PRODUCTION IN THE REACTIONS 32s + 27Al, 28 S l - , 40ca 

R. Novotny,* D. Pelte, G. Strauch, and U. Winkler 

Physikalisches I n s t i t u t , Universitat Heidelberg 
and 

Max-Planck-Institut fur Kernphysik, Heidelberg, Germany 

The mul t i -par t ic le production induced by the reactions 3 2 S + 2 7 A I , 28si , 
4 0Ca was studied at bombarding energies of 135 and 190 MeV. The experimental 
set-up consists of two large-area posit ion sensitive ionization chambers 
(n=50msr) to detect two heavy reaction products in coincidence. The detec
tors measure for each part ic le a set of 5 parameters: the d i f fe ren t ia l energy 
loss dE, the to ta l kinetic energy E, the t ime-of - f l ight between target and 
ionization chamber, and two position signals. These parameters allow one to 
deduce the energy E, mass M, atomic number Z and the l inear momentum p of 
each detected fragment. By means of a kinematical analysis, we can calculate 
the def ic i ts of charge AZ, mass AM and l inear momentum Ap to the values of a 
t ru ly binary react ion. In the case of a ternary reaction, we get the total 
reaction Q-value and the def ic i ts are the kinematical parameters of the th i rd 
undetected par t i c le . 

The figure shows the AZ d is
t r ibut ion of a l l detected coinci
dences. At the lower bombarding 
energy the probabi l i ty of produc
ing more than two part icles is 
already very high (70%). At 190 
MeV "S-energy, the cross section 
of the binary reactions decreases 
below 1% of a l l events. The ele
ment distr ibut ions for a specific 
charge de f i c i t show a preferential 
production of fragments with even 
atomic number Z, i f the sum of Z 
values of both detected heavy 
nuclei is also even. Structures 
in the Q-value spectra of the 
binary reactions show a selective 
excitat ion of yrast energies. 

The two-part ic le inclusive 
events show, fo r the l ight un
detected products, forward peaked 
laboratory angular distr ibut ions 
and energy spectra with long t a i l s 
to high kinet ic energies. The 
detailed analysis has previously 
been restr icted to the production 
o f o-part ic les. By means of 
Monte-Carlo simulations, the l ight 
part ic le emission at the lower bom
barding energy can be ascribed to 
the sequential decay of thermalIzed 
intermediate fragments. First calculations show that the interpretat ion holds 
true too for the main part of o-productlon at the higher pro jec t i le energy. 

8 10 12 8 10 12 
AZ [e] 

Present address: Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
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WAVE PACKET SCATTERING MODEL WITH FRICTION FOR n B + 1 5 9 T b AT 51MeV 
Rainer W. Hasse, Klaus Hahn 

Sektion Physik, Universitat Milnchen, D-8046 Garching, Germany 
We show that the quantum wave packet scattering model with 

friction^) is capable to explain elastic and deep inelastic scat
tering and fusion simultaneously. Hereby we solve the time depen
dent Schrodinger equation ifi'i,=H1' in two cartesian relative co
ordinates between the ions with the nonlinear Hamiltonian*) 

2 
H = £- + V(r) + r(r)<p>(r-<r>) 

which has also been derived microscopically3). V(r) is a realis
tic conservative (Coulomb plus nuclear) potential, y(r) is a tra
pezoidal isotropic friction form factor and <•> denote expectation 
values. Initially, a Gaussian wave packet impinges on the poten
tial under different impact parameters. 

As can be seen from the series of frames above (lbsec=10 
sec), the initial wave packet with angular momentum S.=31.5n 
splits up into three parts: The fast elastic (quasielastic) com
ponent which travels along a Rutherford trajectory, the slow deep 
inelastic (direct) component which loses all available energy, 
creeps along the potential and is then vepelled by the Coulomb 
energy, and the fusion component which is trapped. 

Cross sections and maximum and critical angular momenta are 
calculated with a soft cutoff formula by folding the angular mo
menta with the respective probabilities. As compared to results 
with classical trajectory calculations, the reaction cross sec
tion stays about unchanged whereas the deep inelastic cross sec
tion is enhanced and the fusion cross section and the critical 
angular momentum are lowered which is in rather good agreement 
with the experiment. Also, the differential cross section does no 
longer exhibit an infinity but is peaked about back angles. 

Present address: Institut fur Theoretische Physik, Universitat 
Tubingen, D-7400 Tubingen, Germany 

1. R.W. Hasse, K. Harm, Proc. Xllth Masurian School in Physics, 
Mikoiajki, Poland, September 197 9, Nukleonika, in press 

2. G. SUssmann, Los Alamos seminar talk 1973, unpublished; 
K. Albrecht, Phys. Lett. 5jiB (1975) 127; 
R.W. Hasse, J. Math. Phys. _16 (1975) 2005 

3. R.W. Hasse, Nucl. Phys. A31B (1979) 480; P. L. JJ5B (1979) 197 
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ANGLE DEPENDENT PHASE SHIFTS FOR ROTATIONAL EXCITATION 

R. L i p p e r h e i d e 

H a h n - M e i t n e r - I n s t i t u t and F r e i e U n i v e r s i t a t , B e r l i n - W e s t , G e r m a n y 

H. Massmann 

Universidad de Chile, Santiago, Chile 
H. Rossner 

Hahn-Meitner-Institut, Berlin-West, Germany 
The method of angle dependent phase shifts has been ap

plied to the calculation of the differential elastic and inelas
tic scattering cross sections for ^^C incident on the deformed 
nucleus 150Nd at E=70.4 MeV. Transitions to the rotational levels 
0 +,2 +,4 +,6 + in 150Nd were considered. Multiple excitations play 
an essential role. However, a coupled channels calculation is 
circumvented here by writing the amplitude S£jy,i for the exci
tation of the state 1+ with initial (final) orbital angular 
momenta I ($.'), in the sudden approximation, as an integral 
S«',T * xW""'* ?X f w 0 , ) " r V L i f y ' f t ' 
where 5=U+l") /2; 6^(0') is calcu
lated as the phase shift for a 0•-
dependent nuclear-plus-Coulomb po
tential in the target-fixed system, 
regarding 0' as a parameter, not a 
dynamical variable. 

The Figure shows the experimen 
tal cross sections2) (dots) and the 
corresponding results of the angle 
dependent phase shift calculations 
(solid curves). The agreement for 
the inelastic cross sections is of 
about the same quality as for cou
pled channel calculations with the 
same dynamical parameters^). The 
discrepancies visible especially 
in the elastic cross section can be 
traced back to inaccuracies in the 
treatment of Coulomb excitation 
effects. 

1. J.O. Rasmussen and K. Sugawara-
Tartabe, Nucl. Phys. A 171 (1971) 
497. 
H.Massmann and R.Lipperheide, 
Ann. of Phys. (N.Y.) ̂ 23 (1979) 
120 

2. D.L. Hillis et al., Phys. Rev. 
C 16 (1977) 1467 
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ANALYSES OF MASS AND CHARGE YIELDS FOR THE SYSTEM ' Xe + Fe 
R.A. Esterlund, W. westmeier, A.M. Habbestad WMtzig, 

O. Reus, W. Watzig, and P. Patzelt 
Institute for Nuclear Chemistry 

University of Marburg 
D-3550 Marburg, West Germany 

Evidence for a new reaction mechanism in the system 756-
MeV Xe-132 + Fe-56 has been reported by Heusch, et al.1', whose 
charge-yield curve exhibits only a large symmetric component in 
addition to the quasielastic peaks. In contrast, our radiochem
ical mass and charge yields from thick-target experiments at 
780 and 940 MeV exhibit well-resolved components corresponding 
to fusion-fission, evaporation residues, deep-inelastic transfer 
(DIT), and quasielastic transfer. The mass yields for 940 MeV 
are shown in the figure. In order to shed light on possible rea
sons for the apparent disagreement in results, we have inten
sively investigated various properties of the reaction yields. 

Angular distribution curves have been determined for 34 
products. Those corresponding to the symmetric component are 
consistent with 1/sin0, indicating that a long-lived system 
gives rise to these products. Those corresponding to DIT are 
peaked strongly forward of the grazing angle, in expected agree
ment with other 

pa 30. 

a j ui 

VI w <r 
•z. 

XE-132 + FE-56 
ELflB < 9 4 0 MEV 

data at this E/B 
of 1.79. The FWHM 
of the symmetric 
yields from liquid 
drop systematics is 
expected to be 33 + 
2 amu, and we ob- ~ 
serve 3 4 + 3 amu. 
The presence of ev
aporation residues 
shows that at least 
part of the symmet
ric yield is fusion 
fission. However, 
estimates of t̂ n/Pf 
indicate that the 
symmetric yield is 
about 50% larger 
than expected. A similar excess in yield is observed in compari
son with the rotating liquid drop limit where the observed limit 
of 94 + 4 ti is considerably above the expected value of 72 1i. 
These results are at least consistent with the hypothesis that 
this new mechanism1' occurs only in a narrow energy window, and 
that its presence is masked in the thick-target radiochemical 
data. Thin-target experiments are now underway to investigate 
this possibility. 
S 
aWork supported by the Bundesministerium fiir Forschung und 
Technologie and the Gesellschaft filr Schwerionenforschung. 
1. B. Heusch, et al.f Z. Physik A288 (1978) 391 

100. 120. 140. 
MASS NUMBER 

160. ISO. 200. 
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THE IMPORTANCE OF THE INELASTIC BREAK-UP MECHANISM FOR NUCLEUS-
NUCLEDS SCATTERING 

G. Baur and R. Shyam ' 
Institut fiir Kernphysik, Kernforschungsanlage Julich 

D-5170 Julich, West Germany 
F. Rosel and D. Trautmann 

Institut fur theoretische Physik, Oniversitat Basel, 
CH-4056 Basel,Switzerland 

We calculate in our formulation-'-' of the elastic and inelas
tic breakup process the corresponding flux removed from the 
elastic channel. It is a dominant reaction mode for peripheral 
collisions. Especially important is the inelastic breakup mode, 
where one part of the projectile interacts inelastically with 
the target nucleus and the other part moves on essentially un
disturbed. By means of unitarity we can sum over all possible 
kinds of inelastic processes. This mechanism is related to the 
mechanism of incomplete fusion as observed in heavy ion reac
tions at higher energies (E/^£lO MeV/„). We perform model cal
culations for light ion induced breakup reactions 2' on various 
target nuclei at energies from lOMeVA. to 40MeV/ A. We calculate especially the absorption due to breakup as a function of the 
incoming angular momentum. Our numerical results suggest a simp
le parameterization of the breakup probability, which is remi
niscent of the Serber picture 

_ U - < U ) 2 _ (b-b 0) 2 

Tb-up = B e WT*- = B e (AR) 2 

where b = H/q, b„ = £ 0/q,AR = AH/q and q is the wave number of the projectile. The breakup probability has a strong peak at a 
partial wave 9.0, corresponding to an impact parameter 
bo = r 0(A"3+a"3), the factor B describes the strength of the break-up process which shows a saturation for sufficiently high 
incident energies. In our numerical calculations we find r ;^1.2 fm remarkably independent of E and A; AR depends to a good de
gree only on the projectile-fragment combination, which leads 
to the "factorization property" found in very high energy heavy 
ion fragmentation processes-*) . This property therefore seems 
to be valid also for our lower projectile energies. 

1) G.Baur#F.Rosel, D.Trautmann and R.Shyam, Proc.of the Interna
tional Symposium on Continuum Spectra of Heavy Ion Reactions, 
San Antonio, Texas, 1979, and further references contained 
therein. 

2) G.Baur,R.Shyam,F.Rosel and D.Trautmann, Phys.Rev.C.,in press. 
3) H.H.Heckmann and P.J.Lindstrom, Phys. Rev. Lett. 3J7 (1976) 56. 
+ Alexander von Humboldt-Fellow 
"t'+ Present address: Science Research Council, Daresbury Labora

tory, Daresbury, U.K. 
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FAST 06-PARTICLE EMISSION IN Z 0 Ne AND 4 0Ar-INDUCED NUCtEAR REACTIONS 

Vu.Ts.Oganessian, Yu.E.Penionzhkevich, E . G i e r l i k , R.Kalpakchieva, and 
C.Borcea 

Laboratory of Nuclear Reactions 
Joint Institute for Nuclear Research, Dubna, USSR 

The energy spectra and angular distr 
emUted 

Au, and 

r.jbg.ilions of^ast charged^artic^ 
in nuclear reactions induced by ' Ne and Ar ions on Tb, Ta, 

Th targets at an energy of *i.5_l0 MeV/nucleon have been measu
red. It is shown that one of the most intensive reaction channels corresponds 
to the emission of He nuclei. As the energy of the He nuclei increases, 
the direction of particle emission strongly correlates with that of the inci
dent beam. 

The oC -particle spectra were measured in the energy range 30-150 MeU 
at the angle 9 = 0°. The measurement was performed using a magnetic spectro
meter used in conjunction with a 4E-E telescopeg.A characteristic cC -par
ticle spectrum obtained from the reaction Ne + Ta at different values of 
the bombarding energy is shown in the figure to follow. For all the reactions 
investigated, the steepness of the exponential fall of the oL -particle spect
ra turns out to be considerably smaller than the expected value calculated 
for an excited compound nucleus. The maximum energy of the experimental 
aC -particle spectra can be interpreted as the transfer of the projectile 
energy to the oC -particle, followed by the fusion of the interacting nuclei. 
The calculated values of E^ = E + Q (they are shown by arrows in the figu
re) are in good agreement with experiment. 

From the analysis of experimental 
results it is possible to conclude 
that the nature of oL -particle emis
sion may be different depending on the 
energy and the direction of oL -par
ticle emission. 

The most probable mechanism of 
low-energy aC -particle emission, the 
angular distribution of which is close 
to the isotropic one is the evapora
tion of 06 -particles from the exci
ted compound nucleus (composite system), 

However, already in the energy 
region of L > 60 MeV, this process 
becomes non-stationary and 06 -par
ticle emission occurs rather long 
before the moment when the system 
reaches full equilibration. The limit
ing case of the energy transfer to 
the ot -particle is of interest both in 
terms of the reaction mechanism and 
in terms of the possibility of produc
ing compound nuclei with low excita
tion energy. Further experiments are 
planned to measure the characteristics 
of the neutron and ^-radiation accom
panying energetic cC -particle emission 
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ON THE QUESTION OF UNIQUE SPIN ASSIGNMENTS FOR THE 
1 2C+ 1 2C INTERMEDIATE RESONANCE STRUCTURES* 
H.W. Becker, C. Rolfs and H.P. Trautvetter 

Institut fiir Kernphysik 
Universitat Minister 

W. Germany 
Several theoretical concepts are presently discussed in the 

attempt to understand the observed intermediate resonance struc-
12 12 

tures in the C+ C fusion reaction at energies near the Cou
lomb barrier . If these structures are interpreted in terms of 
single resonances, consistent spin assignments have to follow 
from all resonating exit channels. 

The measurement of particle angular distributions is com
monly used to determine these resonance spins, where exit chan
nels associated with a single value of the orbital angular mo
mentum are most useful. For this reason, the a exit channel in 12 12 the C+ C fusion reaction has been used often to arrive at 
unique spin assignments. However, the a, and p, exit channels 
have similar features and therefore should lead to identical in
formation if resonant. Furthermore, the analyses of all resona
ting exit channels have to yield consistent results. 

Excitation functions for a large number of particle groups 
in the exit channels have been measured concurrently at eight 
detection angles (8. . = 10° - 90°) in the energy range of 
E =2.6-6.3 MeV (in energy steps of 50 - 100 keV) . The cm. 
analyses of the data reveal contradicting features for some of 
the reported resonances and their reported unique spin assign
ments are therefore questionable. 
•Work supported by the Deutsche Forschungsgemeinschaft 
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HIGH SPIN PROPERTIES OF 132ce 
FROM GAMMA-RAY ENERGY-ENERGY CORRELATION STUDIES 

I.Y. Lee, N.R. Johnson, D.R. Haenni, S.A. Hjor th , W.T. Milner, 
R.L. Robinson, G.R. Young, L.L. Riedinger 3 and S.W. Yatesb 

Oak Ridge National Laboratory,* Oak Ridge, Tennessee 37830 

High spin properties of 1 3 2 Ce have been studied by using the 2 0 Ne induced 
fusion reaction. The continuum 7-rays were detected by three 12.7 x 12.7-cm 
Nal detectors and a 25.4 x 25.4-cm Nal total-energy detector was used for 
reaction channel select ion. Experimental 7-ray energy-energy correlat ion 
spectra were f i r s t unfolded to remove the effects of detector response, then 
the standard subtraction method*) was applied to extract the correlated 1 3 2 Ce 
spectrum shown here. The valley extending to 1.2 MeV along the diagonal 
indicates co l 
lec t i ve behav- ' 6 

i o r in the 
energy region 
above that of 
the known dis
crete l ines , 2 

(0.8 MeV). 
From the width 
of the val ley, 
one can derive ; 
a model inde- £ 
pendent value " 0 8 

of the true jf 
col lec t ive 
moment of in 
e r t i a . He 
obtained the 0 4 

values 29/f|2=65 
MeV-1 at (flu,) 2= 
0.25 MeV2, and 
29/li2=il0 MeV-1 
at £M Z =0 .31 
MeV2. This i n - o 
increase of the 
co l lec t ive mom- E^IMSVI 
ent of inert ia 
by nearly a factor of 2 may indicate the change of nuclear shape and/or the 
loss of pairing correlat ion at (•fiw)2*0.3 MeV2. Further, regions of high 
7-ray intensity along the diagonal (valley crossing) were observed at 0.5, 
0 .8 , 0.9 and 1.1 MeV. The f i r s t two correspond to the known f i r s t backbend-
ing which is due to the nearly equal energies of the 7-ray from the 4 + , 12 + 

and 14 + states at about 0.5 MeV and from the 8 + , 10 + and 18 + states at about 
0.8 MeV. The enhancement of 7-ray intensity at 0.9 and 1.1 MeV may be due to 
fur ther backbendings (band crossings) at higher spins. 

a Univers i ty of Tennessee, Knoxvil le, Tennessee 37916 
' 'University of Kentucky, Lexington, Kentucky 40506 
Operated by Union Carbide Corp. for the U.S. Oept. of Energy under Contract 
No. W-7405-eng-26. 

1 . 0. Andersen, J.D. Garrett , G.B. Hagemann, B. Herskind, D.L. H i l l i s and 
L.L. Riedinger, Phys. Rev. Lett . 43, 687 (1979). 
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BACKWARD ANGLE MEASUREMENT OF DAMPED PROCESSES IN LIGHT HEAVY-ION REACTIONS 

D. Shapira, J.L.C. Ford, J r . , J . Gomez del Campo and P.H. Steison 

Oak Ridge National Laboratory,* Oak Ridge, Tennessee 37830 

A gaseous oxygen target was 
bombarded by a 2/A1 beam to mea
sure the backward-angle part of 
the angular distribution corre
sponding to damped projectile
l ike events previously studied 
by bombarding 2 7 A1 with a l f i 0 
beam.1) Products with 6<Z<9 and 
a Q-value window of -15<Q<-50 
MeV were measured at center-of-
mass energies of 39 and 54 MeV. 
The 54-MeV angular distribution 
of these products in the center-
of-mass system is shown in 
Fig. 1 . A l /s in6 c m curve (solid 
lines in Figs. 1 and 3) gives an 
adequate description of this 
angular distribution. Estimates 
for a fusion-fission contri
bution at similar energies are 
much smaller than the cross sec
tions shown in Fig. l . l ) Most of 
the yield observed In Fig. 1 may 
then be the backward-angle por
tion of the deep inelastic pro
cess previously reported at 
forward angles. The l /s in8 c m 

angular distribution then sup
ports the interpretation of 
deep Inelastic scattering as an 
orbiting process.2) Furthermore, 
inclusive spectra from reactions 
induced by bombardment of 12c with 
20Ne have a significant damped 
component in the Z=6 spectrum 
which is shown in Fig. 2. The 
angular distribution at back 
angles for these damped events 
shown In Fig. 3 has the same shape 
as that observed for 2 7A1 + l f i 0. 

*0perated by Union Carbide 
Corporation under Contract 
No. w-7405-eng-26 with the 
U.S. Department of Energy. 

1 . T. M. Cormier et a],., 
Phys. Rev. C13, 687 (1976). 

2. J . Wisczynski, Phys. Lett. 
47B, 484 (1973). 
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A MICROSCOPIC ANALYSIS OF FOUR PARTICLE TRANSFER REACTIONS. 
(+) (+) (o) .(*) . .(*) 

M.Baldo , F.Catara , L.Ferreira , A.Insolia , A.Vitturi 

A sistematic study of (6Li,d) reactions on calcium isotopes (40-48) and 
(d,6Li) on molibdenum isotopes (94-100) has been carried out by using a receii 
tly calculated microscopic form factor in ZRDWBA1. 
Since we can take into account correctly the configuration mixing in the resi_ 
dual nucleus, we can use these reactions as a spectroscopic tool. The most pe_ 
culiar feature of Ca(6Li,d) reactions is the enhancement of the cross sec
tion in the l*°Ca(GLi,d)''l'Ti s_ transition with respect to the other isotopes. 
In order to reproduce the trend of the relative transition strengths (r.t.s.) 
together with the shape of the angular distributions it seems necessary to 
allow for a dependence of the di-proton wave function on the neutron number 
in the residual nucleus. In particular the amount of (Of7/2) 2 configuration 
should increase with the neutron number 
In the case of 9'*~II"1Mo (d, sLi) 3 reactions the experimental data show that 
the transition strength to the first excited 0 + state of 9 6 Z r is larger than 
the g.s. one, while for the other isotopes it happens just the opposite. It 
is suggested ir ref.3) that a configuration mixing simply including (lp3/2) 
and (0g9/Z) 2 with amplitudes varying with the neutron number can explain the 
experimental data. Our preliminary results show that additional components-li^ 
ke (ld5/2) 2 - in the 0 + excited state wave functions are necessary in determi_ 
ning both the r.t.s. and the angular distributions. The role of "hot" orbi-
tals is clearly seen in the microscopic calculation. 
We have also derived a microscopic form factor to study in FR DHBA four-parti 
cle transfer among heavy ions explicitely including a detailed description of 
both projectile and residual nucleus. Preliminary results seem to be very pro 
mising. 

1) A.Vitturi, L.Ferreira, D.Kunz, H.M.Sofia, P.F.Bortignon, R.A.Broglia, to 
be published on Nuclear Physics. 

2) O.Hansen, private communication. 
3) A.Saha et al., Phys.Lett. 82B(1979)ZOB. 

(+) Istituto di Fisica-Catania University and INFN-Catania(ITALY) 
(o) Departamento de Fisica-Coimbra University (PORTUGAL) 
(*) Istituto di Fisica-Lecce University and INFN-Catania (ITALY) 
(*) Istituto di Fisica-Padova University and INFN-Padova (ITALY). 
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ANALYSIS OF 1 2 C + 1 6 0 USING PROJECTION OPERATORS1" 

T. L. Larry + + and W. P. Beres 
Department of Physics 

Wayne State University, Detroit, MI 48202 

A projection operator method based on the 
Feshbach doorway approach is developed for low energy 
heavy ion scattering and applied to 1 Z C + '^0 with 
doorways taken as quasibound or virtual states of the 
reduced mass coupled to 2 + and 3" vibrations. 

The ratio of the differential cross section to 
the Rutherford cross section is calculated between 18 
and 28 MeV CM. at increments of 10° between 90° and 
160° C M . The results are presented for 14 +, 15", and 
16 + resonances (solid lines) and compared to experiment 
(dashed lines) in the figure. 

The calculations agree well with observation by 
producing many of the gross and intermediate molecular 
structure features. The magnitudes of the calculated 
and observed 14 + cross sections are comparable. We 
predict a 14+ doublet, each member of which has a 
width of about 400 KeV. This is comparable to the 
sums of the widths of the associated experimental 
structure. The theoretical 15" resonance at about 22 
MeV has a dip at 90° in agreement with experiment. 
At other angles a peak is readily apparent in our 
calculations and in experiment at this energy. While 
the observed resonance has the same structure, it 
appears to be fairly broad and comparable in cross 
section to our calculated 15" resonance. In addition 
we predict a 16 + doublet at energies of 24.7 MeV and 
25.0 MeV. It is clear from experiment that two close 
resonances are seen at essentially these energies. 
The magnitudes of the calculated and measured cross 
sections are comparable and the combined width of our 
16 + doublet is very close to what is seen. 

The resonances that result from vibrations in 
0 are much weaker in our model than those based on 16; 

1 Z C . 
Our calculations not only yield intermediate 

structure which can be compared to experiment, but also 
indicate under which conditions such structure can be 
expected. The size of the doorway widths are quite 
important in determining whether isolated intermediate 
structure resonances will be observed. 

^ > it 30 ji " . » » is it 
Energy(MeV) 

This work was supported in part via N.S.F. Grant #78-00925 
tt Present Address: Dynamics Technology Inc., Torrance, California 90505 
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MODELING THE EQUILIBRIUM DECAY. APPLICATION OF MONTE CARLO 
CALCULATIONS TO THE DEEP INELASTIC COLLISION OF 168 MeV 2°Ne on 6 3 C u 

J . Gomez del Campo, K. Geoffroy, 3 R.A. Dayras, b and R.G. Stokstadc 

Oak Ridge National Laboratory,* Oak Ridge, Tennessee 37830 

A problem of current interest concerns the degree of equi l ibrat ion in deep 
ine last ic col l is ions (DIC). To study this we have performed Monte Carlo sta
t i s t i c a l model calculations using the computer code LILITA 1) and the assump
t ion that the two primary fragments reach complete equi l ibr ium. These calcu
la t ions are part icular ly useful for predicting angular correlations between 
the secondary fragments and the emitted l ight part ic les and their associated 
energy spectra. Detailed 
calculat ions have been done 
for the in-plane and out-of-
plane correlations between 
a-part ic les and pro ject i le
l i k e fragments (PLF) in the 
DIC of 168 MeV 20Ne with 
6 3 C u . Comparisons with 
t r e experimental data of 
Dayras et a l . 1 are shown 
in F i g . T . The in-plane 
correlat ion between <x-
part ic les and carbon ions 
observed at 8-|ab=25° is 
shown in Fig. l a . The 
histograms are the equ i l i 
brium calculations decom
posed into contributions 
from a-part icles emitted 
by the PLF and target- l ike 
(TLF) fragments. The 
dashed area indicates the 
y ie ld which is not accounted 
for by the equilibrium ca l 
culat ion and, consequently, 
may be associated with the 
resul t of non-equilibrium 
emission. Figure lb shows 
the calculated (histogram) 

15 3D 45 
E„ (MEV) E„ (MeV) 

_ - F i g . 1 
and experimental (dots) energy spectra of the a-part ic les observed in co inc i 
dence with Z=6 fragments. The higher energy group corresponds to a-part icles 
with veloci t ies characterist ic of the project i le (V p) and is due to non-
equil ibr ium emission. Figure lc shows an a-spectrum at 8iab=155° where 
agreement with equilibrium emission is found. 

*0perated by Union Carbide Corp. under Contract No. W-7405-eng-26 with the 
Department of Energy. 

jjGuest Assignee from Washington University, St. Louis, MO 63130. 
bNow at CEN, Saclay, France. 
cNow at Lawrence Berkeley Laboratory, Berkeley, CA 94720. 
1 . J . Gomez del Campo and R.G. Stokstad, ORML/TM-7295. 
2. R.A. Dayras, K. Geoffroy, D.C. Hensley, M.L. Halbert, D. Shapira, D.G. 

Sarantites and J.H. Barker (unpublished). 
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QUASIMOLECULAR AND SURFACE WAVE RESONANCES 
IN ELASTIC 1 60+ I 60, X 6 0 + Z Si AND * 60+ 4 0Ca SCATTERING 

K. Langanke, J. Leutenantsmeier, R. Stademann and A. Weiguny 
Institut fiir Theoretische Physik I 

Universitat Miinster 
D-4400 Munster 

Quasimolecular and surface wave resonances are being dis
cussed as possible explanations of gross structures in the exci
tation functions and backangle oscillations in the angular di
stributions seen2), e.g., in elastic 1 6 0 scattering on 1 6 0 , 2 8Si 
and 4 0Ca for energies beyond the Coulomb barrier. This problem 
has been investigated by the one-channel generator coordinate 
method with scattering boundary conditions. 

The internal structures of the 
1 6 0 , 2 8Si and 4 oCa fragment nuclei 
were described by their oscillator 
shell model ground states. The 
effective interaction was approxi
mated by a general central force 
containing two Gaussian functions. 
The Coulomb interaction was treated 
exactly, including all exchange 
contributions, by using the Gauss
ian integral representation of 1 /r. 

The phase shifts for all three 
systems exhibit the following com
mon features: 
1.) There is a band of broad, over
lapping resonances starting at about 
the Coulomb barrier. They follow 
closely the Jl(£+1)-rule of an ideal 
rotator, with moment of inertia 8 
according to 
8 = h 2/2uR 2 with R .4<A^ 3

+A> / 3). 
These "surface wave" (orbiting) re
sonances are jointly (not individ
ually) responsible for the above 
mentioned gross structure and back
ward oscillations. 
2.) The members of the lower bands 
are sufficiently long-lived to be 
interpreted as "quasi-molecular" (pocket) resonances. They may 
cause some intermediate structure, either directly (higher Jl-
values) or indirectly (lower 1-values) via the "double resonance" 
mechanism, and do probe the nuclear interaction region in con
trast to the orbiting resonances. 
1.) W. Greiner, S.Afr.J.Phys.1 (1978) p.75; R.G. Stockstad, ibid., 

p.191; W.A. Friedman et al., Phys.Lett. 87B (1979) p. 179. 
2.) P. Braun-Munzinger et al., Phys.Rev.Lett. 38 (1977) 944; 

V. Shkolnlk et al., Phys.Lett. 74B (1978) 195; S. Kubono et 
al., Phys.Lett. 81B (1979) 140; J.J. Kolata et al., Phys.Rev. 
C19 (1979) 2237. 
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COLLECTIVE CHARACTER OF HIGH SPIN STATES IN THE l i D S n + H U Ar SYSTEM 
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P. Aguer, G. Bastin, A. Peghaire, J.P. Thibaud 
C.S.N.S.M. B5t. 104 - 91406 Campus-ORSAY - FRANCE 

N. Perrin, H. Sevgolle 
I .P.N. Bat. 100 - 91406 Campus-ORSAY - FRANCE 

Ph. Hubert 
C.E.N.B.G. -Le Haut Vigneau - 33170 GRADIGNAN - FRANCE 

I t has been suggested ' that high spin states ( I >40 h) in neutron de f i 
c ient erbium isotopes (N = 84) exhibi t a co l lec t ive (rotat ional ?) behaviour, 
i n spite of the non co l lect ive character of low spin states z ) . 

We used a sum spectrometer in coincidence with two detectors located at 
0° (Nal) and 90° (GeLi or Nal) wi th 
respect to the beam in order to select 
high spin states in the erbium nuclei 

?roduced in the reactions 124,119,118, 
16Sn+40Ar (185 HeV). Our results fo r 

the !24sri target agree with the one from 
the Berkeley group 3 ) . 

F ig . la displays the spectra obta i 
ned with the l l 6 S n target fo r adjacent 
s l ices i n the sum spectrometer spec
trum. They look quite d i f ferent from the 
spectra observed with the 124sn+40/\r 
system 3,4) . The main difference is the 
existence in the U6sn+4°Ar system of 
three bumps at about 650 keV, 1100 keV 
and 1300 keV, at constant energies 
whatever the s l ice number in the sum 
spectrum. Two bumps (650 keV and 1400 
keV) have been also observed in the 
H8Sn+*°Ar *> and in the 119Sn+4°Ar 
system. The th i rd one (1100 keV) seems 
to be connected with the lower sl ices 
and then lower spins in the compound 
nucleus(I<35 h) (see f i g . l b ) . 

The constant energy of the 1300 keV 
bump, as well as the existence of a low 
energy bump lead to some doubt about the 
rotat ional character of the higher spin 
states in the neutron def ic ient erbium 
isotopes. Such a rotational character 
however could s t i l l ex is t , but then we 
have to consider the existence of moment 
of i ne r t i a sharply increasing with the 
spin of the nucleus. 

1) M.A. Deleplanque, J.P. Husson, N. Perr in, F.S. Stephens, G. Bast in, 
C. Schuck, J.P. Thibaud, L. Hildingsson, S. Hjor th, A. Johnson, Th. Linblad, 
Phys. Rev. Let t . 43, 1001 (1979). 

2) P. Aguer, G. Bastin, J.P. Thibaud, D. Barneoud, J . Boutet, C. Foin, Z. 
Physik A285 (1978) 59. 

3) H.J. Kbrner, D.L. H i l l i s , C.P. Roulet, P. Aguer, C. Ellegaard, D.B. Fossan, 
D. Habs, M. Neiman, F.S. Stephens, R.M. Diamond, Phys. Rev. Le t t . 43, 490 
(1979) — 

4) P. Aquer, G. Bast in, A. Peghaire, J.P. Thibaud, N. Perrin, H. Sergol le, 
Ph. Hubert, Int.Conf.on NUCLEAR BEHAVIOUR AT HIGH ANGULAR MOMENTUM, 
Strasbourg 1980. 

3E(MeV), 

Nal spectra corres
ponding to 7 slices 
in the sum spectrum 
(la). 
Differences between 

adjacent spectra of 
fig. la (lb) 
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STUDY OF HEAVY-ION RADIATIVE CAPTURE IN THE 1 9 8PT + 1 3C SYSTEM 
t+ D. Branford 

Brookhaven National Laboratory 
Upton, New York 11973 

and 
F. X. d'Amato, H. W. Sang, Jr., and S. G. Steadman 

Laboratory for Nuclear Science 
Massachusetts Institute of Technology 

Cambridge, Mass. 02139 
Heavy-ion radiative capture for nuclear systems of large A 

is currently of interest as it provides a possible method for 
reproducing nuclei beyond the limit of stability, albeit with 
small cross sections. In an attempt to measure such a cross 
section in a heavy system, we have investigated the 1 9 8Pt + 1 3C 
•*• 2 1 1Po + y reaction in the region of the Coulomb barrier 
energy. A 9.85 mg-cm ~ 2 target of pure Pt enriched to 95.83 ± 
0.05% in 1 9 aPt was bombarded with 500 nA of 1 3C 5 + ions from 
the Brookhaven tandem accelerator MP7. The target was cycled 
into the beam for 30s periods and then out of the target area to 
a counting station for 40s periods using a rabbit system. Dur
ing the out of beam periods, delayed o-particles were detected 
using an up stream surface barrier detector fQi/2 = 25°) and a 
downstream detector C0i/z = 20°). Measurements were made at 60 
MeV and 57 MeV bombarding energies for 15 hr time intervals. 
The majority of a-particles observed are identified with the 
5.12 MeV weak a-branch from the 5.84 hr isomer of 2 0 7Po. Small
er groups of counts are associated with 6.26 MeV a-particles 
from 2 Rn produced from a Pb impurity (<.02%). Two counts were 
observed which could possibly have arisen from the 7.27 MeV a-
branch of the 25.5s isomer in 2 1 1Po. Such an identification 
would lead to a cross section of i. 0.2 nb. We conclude there
fore that the cross section for 1 9 BPt + l 3C capture leading to 
the 25s isomeric state in 2 1 IPo is a < 0.6 nb (3a). 

tThis work was supported by the U.S. Department of Energy. 
ttPermanent address: Department of Physics, Edinburgh Univer

sity, Edinburgh, Scotland. 
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PION PRODUCTION AND CHARGED-PARTICLE MULTIPLICITY SELECTION 
IN RELATIVISTIC NUCLEAR COLLISIONS* 

K. L. Wolf1", H. H. Gutbrod, W. G. Meyer, A. M. Poskanzer, A. Sandoval, 
R. Stock, 0. Gosset + +, C. H. King, G. King, 

Nguyen Van Sent, and G. D. Westfall 

Lawrence Berkeley Laboratory, Berkeley, CA 94720 
Gesellschaft fu r Schwerionenforschung, Darmstadt, W. Germany 

and Fachbereich Physik, Universitat Marburg, Marburg, W. Germany 

Spectra of posit ive pions with energies of 15-95 MeV were measured for 
high energy proton, "He, 2 0 Ne, and ""Ar bombardments on targets of 2 7 A 1 , 
"°Ca, 1 0 7 T i ^ A g , 1 9 7 A u , and 2 3 8 U . A Si-Ge range telescope was used to 
ident i fy charged pions by dE/dx and stopped *+ were tagged with the subse
quent muon decay. In a l l , results for fourteen target-pro ject i le combina
tions are presented to study the dependence of pion emission patterns on the 
bombarding energy (from 240 MeV/nucleon to 2.1 GeV/nucleon) and on the 
target and the pro jec t i le masses. 
In addit ion, associated charged-
part ic le mu l t i p l i c i t i es were mea
sured in an 80-paddle array of 
plast ic s c i n t i l l a t o r s , and used 
to make impact parameter rest r ic
t ions on the pi on-inclusive data. i 

Broad structures occur in the 5< 
T& spectra for 2 0Ne-and "°Ar-
induced reactions at the highest 
bombarding energies. Examples 
are shown here as contours of 
constant cross section (1/p) 
d2a/dndE as a function of 
perpendicular pion momentum 
and rapidity y for 1.05 and 2.1 
GeV/nucleon 2 0 Ne + 2 3 B U , selected 
on high charged-particle mul t i 
p l i c i t y , i . e . , central and near-
central co l l is ions. Many features 
of the ir+ emission patterns can 
be explained in terms of the ; 
decay of isobars produced in 
nucleon-nucleon co l l i s ions , along 
with Coulomb repulsion from the 
spectator and part ic ipant matter. 
The results of more quanti tat ive 
cross section comparisons of l igh t 
pro ject i le (p,a) w i th heavy-ion ir+ 

production are explained in terms 
of isobar-nucleon interactions in excited nuclear matter 

U-33-E0 

t t 

•Work performed under the auspices of the Off ice of Basic Energy Sciences, 
Division of Nuclear Physics, U. S. Department of Energy and by the 
Bundesministerium fu r Forschung and Technologie, West Germany. 
Present address: Argonne National Laboratory, Argonne, I l l i n o i s 60439. 
Present address: DPhN/ME, CEN Saclay, 91190 Gif-sur-Yvette, France. 

^Present address: ISN, 38044 Grenoble, France. 
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COMPLEX HEAVY ION POTENTIAL FROM BRUECKNER THEORY 

+ ++ 
T. Izumoto , S. Krewald, and Amand Faessler 

Ins t i tu t fur Kernphysik 
Kernforschungsanlage Oiilich 
D-5170 J l i l i ch, West Germany 

The Influence of the Paull" Principle on the energy dependence of the optical 
potential through modifications of the short range correlations is studied 
by evaluating the interact ion energy of two co l l id ing heavy ions in 
Bruckner theory. This approach is intended for a study cf high project i le 
energies. At low energ ies currently available, the excitat ion of surface 
modes is expected to give an important additional contr ibut ion. 

The Bethe-Goldstone 
Equation is solved 
for two inter
penetrating ferttri 
gases and the 
potential energy 
is related to 
f i n i t e nuclei v ia 
a local density 
approximation ' . 
The imaginary part 
i s due to 2p2h 
energy conserving 
intermediate states. 

Both real and imaginary 
part of the optical 
potential are found to 
increase with increasing bombarding energy, as i s shown for the elast ic 

The reaction cross section i s found to be 1.41 b 
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Present address: Cyclotron Ins t i t u te , Texas A & M University, 
College Stat ion, Texas 77843 

+ new address : I n s t i t u t fUr t h e o r e t . P h y s i k , U n i v e r s i t a t 
Tubingen, 7400 Tubingen, West Germany 

1. J.P. Jeukenne, A. Lejeune, and C. Mahaux, Phys. Rep. 25_ (1976) 83. 
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Interactions of d,01-particles and C Ions with Emulsion 
Huclei At 2.1 and U.2 GeV/c per Hucleon. 

M. EL-Nadi, O.E. Badawy 
M.M.Sherif, M.T.Ghoneim, M.K.Hegab, A. Abdellsalam, M.T.Hussein, 
S.M.El-Sharkavi, H.Y.El-Bakri, H.M.Sadek, A.El-Sikafi, F.Abdellatif, 
M.S. El-Nagdi, M. Mancy and O.M. Osmm. 

Mohamed El-Nadi Nuclear Research Center, Experimental 
High Energy Physics Laboratory, Physics Department, 
Faculty of Science, Cairo University, Cairo, Egypt. 

In this paper we present the data on interactions of d-(U.2 GeV/c 
12 

per nucleon)(^-particles (2.1 and U.2 GeV/c pernucleon), and C (U.2 GeV/c 
per nucleon) in nuclear emulsions. HIKFI-BR-2 emulsions of size (10 cm x 20 
cm x 600 ftm) were exposed to the nominated 'beams at Dubna USSR. A total of 
iw5000 stars in all these reactions were collected by along the track 
scanning. The values obtained of the mean free path A and hence the cross-
sections are analyzed in the frame work of the soft sphere model. A good 
agreement with that model is obtained considering the total inelastic 
cross-section of nucleons on free nucleons to be very near to that on 
bound nucleons. The average values of the different emitted charged 
secondaries, showers (n ) , grey (n ), black (n, ) and heavily ionizing (n. ) 
particles, the correlation between them and their angular distribtions are 
deeply investigated. The momentum distribution of the different emitted 
projectile fragments is measured for a statistically good sample and 
identification, of these fragments into Z~l (p,d,t), Z Z 2 (d. , 'He) and 
Z ^ 3 fragments is done. This enables to test the model of independent 
interactions. The average effective number of interacting racleons from 
the projectile is determined in all cases. 
A special attention is paid to the study of the so-called pure projectile 
fragmentation events (i.e. those events without any target break up of any 
degree). The momentum distribution of both the projectile fragments and 

12 the created mesons is studied. The dissociation of the C into 3<-particles 
is also investigated. 
The multiplicity distributions of emitted showers are studied in the frame 
of the collective tube model. The fitts are obtained for the tube 
parameter" ff (effective cross-section) in the range~20-30 mb which is 
nearly equal to the inelastic nucleon-nucleon cross-section at the correspond
ing energies. 

Thanks to Professor K.D. Tolstov from the JTNR-Dubna USSR for 
supplying the irradiated emulsions. 
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MASS SPECTRA AND FUSION CROSS SECTIONS FOR THE Ne + Hg INTERACTION 
AT 55 MeV AND 85 MeV 

K. Grotowski 
I n a t l t u t de Physique C o r p u s c u l a i r e , Louvaln-la-Neuve , Belgium 

and J a g e l l o n i a n U n i v e r s i t y and I n s t i t u t e of Nuclear Physios , Craoow, 
Poland, 

P. Salary, T. Delbar, Y. El Hasri, G. Gregoire, R. Jans sens and J.Vervier 
Institut de Physique Corpusoulalre, Louvain-la-Neuve, Belgium 

G. Pai6 
Institut "Rudjer Boskovi6", Zagreb, Yugoslavia 

J. Alhinski, M. Albinska, S. Kopta, T. Kozik and R. Planets 
Jagellonian University and Institute of Nuclear Physios, Craoow, Poland 

20„ 2 ^ Inclusive ^ -spectra from the """Ne + *"^Hg Interaction were measured 
for the 55- and 85-MeV Ne beams, accelerated at the cyclotron of 
Louvaln-la-Neuve with the use of a 60 era Go/LI/de too tor with a 2 keV 
resolution placed at 90°with respeot to the Ne beam direotion, 
A 0.8 mg/cm Mg target was placed on a lead backing to minimize the 
Doppler broadening of gamma transitions. Each gamma spectrum consisted 
of about 200 lines In the energy interval between 110 keV and 4 MeV. 
The peak fitting code SAMP0, together with a proper identification 
prooedure were used to obtain the mass spectra shown in Fig. 1. 

Three regions are seen in these spectra: 
1/ the region of evaporation residua resulting from fusion ( k3s. A 3 30)" 
2/ the transfer reaction contribution (around A = 20 and A a 2k) , 
3/ the light mass region (A <-l6 ) . , < 

A statistical model calculation using the code GROGI 7/which takes 
to aooount only nucleoli and alpha evaporation from the highly excited 
Ti compound nuoleus/ reproduces the general trends of the 32 6A6'»3 

mass spectra and predicts positions of the minima observed in the cross 
section /see Fig. f./. The moat noticeable departure from the GROGI 
oaloulation is a significant So contribution in the experimental mass 
apeotra, suggesting a competing reaction meohanism. 

The fusion oross sections were oaloulated by the integration of the 
mass spectra in the region of 30^.A ^ If}. The lower A limit was deter
mined by the GROGI oaloulation and the cross section isotropy was 
assumed for the y -ray emission. The experimentally observed fusion 
oross sections were 700 mb and 1100 mb at 55 and 85 MeV, respectively. 

ft: 

1 / J .R. Grover, J . G i l a t , Phys. Rev. Y%2. / ' 9 6 7 / 802 , Sift, 823 

ffnunnttnnnianMiiu 
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GAMMA RAY MULTIPLICITY IN DEEP INELASTIC COLLISIONS. 
PROBABLE EFFECTS OF COLLECTIVE MOTIONS. 

M.Berlanger+, B.Borderie, D.Chapoulard, C.Gerschel, F.Hanappe+, 
J.Kuzminsky, J.Natowitz++, C.Ngo + + +, N.Perrin, B.Tama in 

Ins t i tu t de Physique Nucleaire, BP n ° l , 91406 Orsay, France 

We have studied the y ray mul t ip l i c i ty associated with the deep inelast ic 
co l l is ions for the Cu+Au 400 MeV system. We had three aims : i ) to obtain a 
good precision on the absolute value of the mu l t i p l i c i t y My : indeed, in pre
vious 1) experiments i t had been obtained that the My value was too high as com
pared with any model ( s t ick ing or r o l l i ng ) , i i ) to obtain the repar t i t ion of 
My between both outgoing fragments : we used for that the leinematical proper
t ies of the Cu+Au 400 MeV reaction ; namely the fact that the outgoing f rag
ments are emitted at 90° one from the other. The counting rate difference be
tween two detectors located at 0° and 180° from the l i gh t fragment i s then only 
due to the gamma rays emitted by the l igh t one. i i i ) to obtain the variance 
associated with the gamma ray mul t ip l i c i t y d i s t r i bu t ion . This has been done by 
analysing the two fo ld coincidence events. 

The results cannot be interpreted in terms of a simple si tuat ion l i ke 
pure st icking or pure r o l l i n g . One way to understand them is to assume that 
col lect ive modes l i ke bending modes play an important ro le , i ) The My value 
has been again found too high : the bending mode could be responsible for the 
increase of the angular momentum of especially the l i gh t fragment, i i ) Concer
ning the repart i t ion of My between the l i gh t and the heavy fragment, the re
sults cannot be understood in terms of a pure s t ick ing situation but agree 
with st ick ing + bending mode ef fects, i i i ) Concerning the two fo ld co inc i 
dences, i t has been found that the FWHM of the My. distr ibut ion is huge (1.3 
time the mean value <Mŷ A similar result has been obtained recently elsewhere 2). 
Again this can be explained i f a bending mode contribution has been added 
during the process. 

+Physique Nucleaire Experimental, CP 229, ULB Bruxelles, Belgium. 
+ +Texas ASM University, College Station, Texas, U.S.A. 
I i I 

DPhN/rif, CEN Saclay, France 
' ) C.Gerschel, M.A.Deleplanque, M.Ishihara, C.Ngo, N.Perrin, O.Peter, B.Tamain, 

L.Valentin, D.Paya, Y.Sugiyama, M.Berlanger, F.Hanappe, Nucl. Phys. A317, 
(1979) 473. 

2 ) H.Freiesleben, Pr.Christensen, O.Hansen, O.Nathan, F.Videback, H .Br i t t , 
S.Y.Van der Werf, In tern . Symp. on Continuum Spectra of Heavy Ion Reactions, 
San Antonio (1979). 
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ENTRANCE CHANNEL EFFECT IN THE*FISSION WITHOUT BARRIER̂ PROCESS 

B.Borderie, S.Agarwal, M.Berlanger+, D.Chapoulard, D.Gardes, C.Gregoire + +, 
F.Hanappe++, C.Ng6++, L.Nowicki andB.Tamain. 

I n s t i t u t de Physique Nucleaire, BP n ° l , 91406 Orsay, France 

Some experimental data concerning fusion cross-sections cannot be fu l l y 
understood in the framework of the rotat ing l iqu id drop model. Studying the 
mass d is t r ibut ion of " f iss ion" products, i t was shown that a large broadening 
is registered when f ission barr ier vanishes. This change was interpreted as a 
signature for a new mechanism intermediate between fusion and deep inelastic 
co l l i s i ons 1 ) . The conditions under which such a mechanism can be observed have 
been already discussed 2). Namely, the f iss ion without barr ier mechanism (as we 
tentat ively named the process) i s expected to exist only i f a pocket is seen 
in the entrance channel sudden potential for a-waves larger than the rotating 
l iqu id drop model l im i t «Bf=r • In order to check the va l i d i t y of the proposed 
theoretical models, we measu ad the evolution of the mass d is t r ibut ion width 
of the symnetric sp l i t t i ng component versus the bombarding energy in the ""Art 
1 6 5 Ho and 2 "Mg+ 1 B l Ta leading to the same complete fusion nucleus leading to 
the same complete fusion nucleus 2 0 5 A t . Experimental values o f the c r i t i ca l 
angular momentum were also deduced from the cross-sections measurements using 
the sharp cu t -o f f approximation. 

AJ theoret ical ly expected, in the , , 0 Ar+ I 6 5 Ho system : 
> two mean values of mass d is t r ibut ion widths can be distinguished, the 

mean value is about 36 amu in the conventional f ission range (Bf>0), whereas 
i t reaches a value about 55 amu when the new mechanism competes with the f i s 
sion react ion. 

• a l im i t i ng value for H-waves contributing to the f i ss ion without bar
r ie r is observed and corresponds to about 130-ft". 

In the 2 1*Mg+1 B 1Ta system, even at 340 MeV which corresponds to a c r i t i 
cal angular momentum of about 130fi as calculated using the c r i t i c a l distance 
concept, no drast ic change in the symmetric component mass dist r ibut ion width 
is registered and the experimental c r i t i c a l angular momentum value agrees with 
the theoret ical ly deduced l im i t ing value of ref .2 which is s l i gh t l y above 
the rotat ing l i qu i d drop model l i m i t . 

+Physique Nucleaire Experimental, ULB, CP229, B1050, Bruxelles, Belgium. 
•""DPhN/MF, CEA, Saclay, BP n°2, 91190 Gif-sur-Yvette, France. 

' ) C.Lebrun, F.Hanappe, J.F.Lecolley, F.Lefebvres, C.Ng6, J.Peter, B.Tamain, 
Nucl. Phys. A321 (1979) 207. 

2 ) J.P§ter, B.Borderie, B.Tamain, M.Berlanger, F.Hanappe and C.Ngo, submitted 
to Physics Letters. 

506 



NUCLEAR RAYLEIGH AND WHISPERING-GALLERY WAVES EXCITED IN HEAVY 
ION COLLISIONS 

Ameenah R. Farhan and H. Uberall 
Physics Department, Catholic University, Washington DC 20064 

Olga Dragun and E. Maqueda 
Comision Nacional de Energia Atomica, Buenos Aires, Argentina 

Fig. 
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The anomalous large-angle elas&c 
scattering of heavy ions is inter
preted in terms of resonances 
caused by phasematching of creeping 
waves ). The 0+ O optical model 
of McVoy2) gives dispersion curves 
for the creep-wave speeds c(E) of 
Fig. 1, showing Rayleigh (n = 0,1) 
or Whispering-Gallery wave be
havior. Experimental3)180° reso-

16 P8 nances of 0 + Si (Fig.2)correspond to a Whispering-Gallery wave 
12 12 (Fig.3), while C + C reso-

nances4) have Rayleigh-wave charac
ter (Fig.4) . The decay angle © e 

of this wave is shown in the insert 
of Fig. 4. 
+ Supported by the NSF 
1 A.R.Farhan et al.Nucl. Phvs.A305 

(1978) 189. 
2 K.W.McVoy,Phvs.Rev.C3 (1971)1104 
3 J.Bsrrette et al, Phys. Rev. 
Lett. 40 (1978) 445. 

4 T.M.Cormier et al, Phys. Rev. 
Lett. 40 (1978) 924. 

Fig. 4 
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NON-STATISTICAL FLUCTUATIONS IN THE 9Be + 1 2 C SYSTEM 

M. Hugi, J. Lang, R. Miiller and E. Ungricht 

Lafaoratorium fur Kernphysik, ETH, 8093 Zurich, Switzerland 

K. Bodek, L. Jarczyk, B. Kamys, J. Sromicki, A. Strzajkowski and H. WitaZa 

Institute of Physics, Jagellonian University, 3DD59 Cracow, Poland 

The existence of non-statistical fluctuations or resonances in reactions 
between heavy ions is still one of the most striking phenomena in nuclear 
physics. A consideration of the number of open channels and the density of 
levels in the compound system1' indicates that, apart from the well known a-
particle nuclei, the 96e + 1 2 C system might be one of the most suitable candi
dates for a search for resonances; however, it is very controversial2"3' in 
which way the observed structure in the excitation curves should be interpre
ted. 

We measured, therefore, the excitation curves for many reaction channels 
[p-, d-, t-, a- and Be-reactians to different states of the residues as well 
as elastic scattering) for different forward and backward angles in the cm. 
energy range from 6 to 15 rieV. Solid state counter telescopes were used for 
identifying all reaction products with the exception of the 8Be nuclei which 
were measured with a special detecting system consisting of two counters re
cording the ct-partlcles from the decay of aBe in coincidence. 9Be- as well as 
C-ions were accelerated in the EN-Tandem accelerator of the ETH Zurich, so 

that the detectors could be placed always in the forward hemisphere;the energy 
resolution in the entrance channel, 
given mainly by the target thickness, 
amounted to 50-SO keV. 

Especially at backward angles some 
cross sections show strong peaks. A few 
examples are given in fig. 1. The solid 
lines are predictions of the compound 
nucleus model with the Gilbert-Cameron 
level densities whereas the dashed lines 
indicate the range of statistical fluc
tuations that occur with probabilities 
of 1% or less; the curves were calcu
lated under the assumption of no direct 
reactions. Only the excitation curves 
of the lightest particles can be ex
plained by this model. 

A more detailed analysis including 
auto- and cross-correlation functions 
and distribution of maxima will be pre
sented at the conference. 

r 
"•tft^. 

*rA-i 
%fT^mfrJ<Hr 

Ecn,(MeV) 

1. D.L. Hanson, R.G. Stokstad. K..A. Erb, C. Olmer, n.W. Sachs and D.A. Bromley. 
Ptys. Rev. C £ (1374) 1760 

2. J.F. Mateja, A.O. Frawley, A. Roy, J.R. Hurd and N.R. Fletcher, 
Phys. Rev. C IB (1978) 2622 

3. K. Bodek, H. Hugi, J. Lang. R. duller, E. Ungricht, L. Jarczyk, B. Kamys 
and A. StrzaZkowski, Phys. Letters B2B (1979) 369 
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HEAVY ELEMENT PRODUCTION IN 2 3 8 U + 2 3 8 U and Z 3 8 U + 2 4 8 C m COLLISIONS 
M. Schadel+ 

Gesellschaft fur Schwerionenforschung mbH 
D-61 Darmstadt 11 , Germany 

u -in'6 

IJJ 

Bombardments of thick 2 3 8U-targets with 7.5 HeV/u 2 3 8U-ions have shown ̂  
that this type of reaction might offer possibilities to extend the periodic 
system at its upper end. The measured isotope distributions have revealed!) 
that only those heavy fragments deexcite without undergoing fission which are 
formed in the low-energy tails of the primary distributions. In order to 
probe the partial cross section contained in these low-energy tails, we meas
ured production rates of Cf, Es and Fm-isotopes in the 238U+Z38u reaction for 
projectile energies varying between 1.06 and 1.4 times the barrier energy B. 
The resulting excitation functions for different isotopes have the same shape 
and peak at "Vl.lxB. As an example _25 Fig. 1 shows the integral yields 
for all Cf-isotopes vs. projec
tile energy. Also indicated in 
Fig. 1 are the primary yields 
for the light complementary ele
ment Rn. The cross section ratios 
o(Cf)/o(Rn) are a measure for the 
average survival probability, see 
insert of Fig. 1. The survival 
probability decreases exponent
ially with increasing projectile 
energy. This behaviour is con
sistent with the idea that at 
each incident energy, the same 
window of low excitation energies 
( E * i 4 0 MeV) is involved. While 
a higher incident energy shifts 
the excitation energy distribu
tion for a given element to a 
higher average value, the low 
energy tail of that distribution 
moves out of the window relevant 
for the production of surviving 
actinides. Thus it is not pos
sible to increase the heavy ele
ment production rates by in
creasing the bombarding energy. Actinide cross sections in the 2 3 8 U + 2 4 8 C m 
^faction at 7.5 MeV/u incident energy are„presented and compared to the 
"°U+"°U results. The potential of the " 8U+248cm reaction for the pro
duction of neutron-rich heavy actinide isotopes is discussed. 

In collaboration with W. Briichle, H. Gaggeler, J.V. Kratz, K. Summerer, G. 
Wirth (GSI Darmstadt), E.K. Hulet, R.w. Lougheed (Lawrence Livermore Labo
ratory), A. Ghiorso, J.M. Nitschke (Lawrence Berkeley Laboratory), R.L. 
Hahn, F.L. Ferguson (Oak Ridge National Laboratory) and R. Stakemann, 
N. Trautmann, G. Herrmann (University of Mainz) 
1) M. Scha'del, J.V. Kratz, H. Ahrens, W. Bruchle, G. Franz, H. Gaggeler, 

I. Warnecke, G. Wirth, G. Herrmann, N. Trautmann and M. Weis, Phys. Rev. 
Lett. 41., 469 (1978) 

o 
cc Cf 
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A MEASUREMENT OF THE CORRELATION BETWEEN TWO PROTONS EMITTED AT SMALL 
RELATIVE MOMENTUM FROM RELATIVISTIC HEAVY ION COLLISIONS+ 

A. Sagle, F. Zarbakhsh, J. Carroll, V. Perez-Mendez, 
T. Mulera and I. Tanihata 

Lawrence Berkeley Laboratory, Berkeley, California 04720 
G. Igo and J. Oostens 

Physics Department, University of California, 
Los Angeles, California 90024 

We have used a magnetic spectrometer to measure the relative momentum 
distribution of the two protons from the reaction 1 , 0A + KC1 -»- p + p + x at 
1.8 GeV/nucleon. We were motivated in part by the work of Koonin 1) who pro
posed a model in which the correlation of the two protons at small relative 
momenta is sensitive to the size and lifetime of their source. In this model 
the correlation is dominated by the final state interaction of the two pro
tons. Much of the sensitivity to the size and lifetime is due to the short 
range of the strong interaction between the two protons. 

Data have been taken for Ri = 230 MeV/c at rapidities of .89 and 1.62, 
while the beam rapidity is 1.72. Protons near the beam rapidity are expected 
to come mainly from the projectile remnant. From the geometry of the Fireball 
Model 2) and the approximate equality of the projectile and target masses, we 
expect that any compound system will have a well-defined rapidity at approxi
mately one-half the beam rapidity. We wish to see how large this compound 
system is and whether it lives longer than the nucleus-nucleus transit time. 

It is currently believed that central collisions lead to the emission of 
a large number of high Pt fragments. Since the size and possibly the life
time of the source should depend on the collision impact parameter, we have 
also measured the multiplicity of high P^ fragments. By studying how the 
correlation of the two protons changes with multiplicity, we expect to see 
how the size and lifetime of these sources depend on impact parameter. 

At this very early stage of the analysis, we see that the correlation 
function has a shape very similar to that predicted by Koonin. There is 
evidence that statistically significant differences exist between the data 
at the beam rapidity and those at half the beam rapidity. Work is continuing 
on further analysis, especially in understanding systematic effects. 
+This work was supported by the Nuclear Science Division of the U. S. 
Department of Energy. 
1. S. E. Koonin, Phys. Lett. 70B, 43 (1977). 
2. J. Gosset, H. H. Gutbrod, W. G. Meyer, A. M. Poskanzer, A. Sandoval, 

R. Stock, and G. D. Westfall, Phys. Rev. C16, 629 (1977). 
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The Study on The Nucleon Exchange in Deep 
Inelastic Collision 

Ge ling xiao, Liu Jian ye, Zhong Ji quan and Yang Shi jun 

(Inst. Mod. Phys. Academic Sinica, China) 

Experiments show that in Die of heavy ions there exist correlation between total energy loss (̂ B) and the variance of elements distribution (tJ^.aE and^-multiplicity. Such a correlation seems to show that the dissipation process of kinetic energy and angular momentum of relative motion relstes closely to nucleon exchange. 
Ve think that the exchange can be divided into two different modes, the unequal one (<*N) and equal one ( H - A N ) . The total number of exchanged nucleon N^qf. According to Einstein relation,AN can be obteined. Since the recoiling effect is produced by nucleon exchange, the rate of energy loss is 

<%. = -{Fi(m,n)id.iN-^n)/df) + F*cw,»0 (d.**>/itt)] £ U> 
where m is the exchanged mass from target to projectile; n inverse. 
And the angular momentum dissipation rate is o 

Mi/dt =*d,[(dn/<tt)d,(B-B,) + <<*%t;<k C8-6J) , 
, j (I) 

where B and 6,, 4 is the rotation velocity of that of fragments respectively, d/ and e ' d* is the average distance of nucleon * exchange in projectile and target respectively. 
Using (1), (2), AE and aJf have been 

calculated for Er + Er system (See Figs. 
(1) ). The interaction time was computed 
through a classical dynamics method. As 
shown in the figures, the total energy 
loss is only partly induced by nucleon 
exchange, while the angular momentum 
dissipation is mainly induced by nucleon 
exchange. And the equal exchange is more 
important than unequal one in both cases 

relative motion and 

1) J.P.Pventek et al., Phys. Lett. 36B (1978) 697 P3.1 4E(M»»> 
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,'iuasi Inelastic aid Deep Inelastic Reaction 
of 71.5MevIZC on 17A1 

'..'u Zhong li Zhu Yong tai 
Liu Bu Sheng li ?a "'.'ex 

Xia Guo Shong 
Pan Guo Ying 

(Inst. I.iod. Phys. Acad, China) 
To our kno'.vlEdge not much work has so far been reported 

for the investigation of EIK with light systems. It is inter
esting to know how the individual low-lying levels are involv
ed in these collisions. :-e have tried'*C on1JAl with 71.5Uev ,JC 
beam available from our 1.5m cyclotron.An 
icnization-SSD telescope was used to identify 
the pro,jectile-like products E, Be and Li. 
She energy spectrum at different scattering j=j 
angles and the contour plot in the 2-0 
plane measured experimentally,are illustr
ated in F'ig.1 and ?ig,2. 

In the case of B-spectrum at forward f 
angles,the highest energy p<mk Q2 prohably ; 
corresponding to the ground states of the i 
products is quite predornijiant.Eut different 
from heavy systems, there are a second peak 
at lov/er energy and traces of smaller ones 
at still lower energies superposed upon the 
broad DIE peak.They seem to correspond to 
the excited states of projectile-or target-
like products. So we venture to call them 
the quasi-inelastic peaks QI, which are 
inseparable from 02 peak for the case of 
heavy systems.The contour plot at larger 
angles shows the general features of DIR. 
Prom the fully damped energy of the products 
(see the dashed line at large angles,?ig.l) 
assuming that it was contributed by coulomb 
energy only, We obtained jjF=1.06fm which 
agreed with the value reported by P. Eraun-
Hunzinger et al . Similar features have 
been found for the results of Be and Li. 
But the intensity of QB peak as well as QI 
peaks gets weaker and weaker as the proj
ectile-like product moves further from the 
projectile '*C. 

Prom this series of experiments, we 
could conclude: 1) DIR also exists for 
light systems and 2) it seems that the dev
elopment from 02 to QI and then to DIR is 
rather a continuous process. 

1. P.Braun-Munzinger et al: Phys.Rev. 
Lett 37(1976) 1582 
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A Dynamic Method for Deep Inelastic 
Collisions of Heavy Ions 

Zhong Ji quan, Ge Lin xiao, Liu Jian ye and Yu Xian 
(Inst. Mod. Phys. Academic Sinica, China) 
In order to explain the dissipation process of the energy 

and angular momentum in DIC, a method correlating the dynamic 
and diffusion equations has been developed. Considering the 
degrees of freedom of the relative motion, fragments rotations 
and mass asymmetry, we obtained the relations between the fri
ction tensor(Cy) and the diffusion tensor(l>i;) as follows 

C M = 
(R,+Rtf Td?,A,) M ~ n CAS — (/?,+&; DM 

Asumming C,»=KCg9 and then solving numerically the dynamic 
and diffusion equation, we have deduced the dissipation and 
fluctuation of the energy, angular momentum and mass asymmetry 
without introducing any other parameters and assumptions. The 
deflection function, the relation between the total energy loss 
(JE) and the variance of element distribution (*&*), the *£ and 
the angular momentum loss(^i ) thus calculated are shown in 
Pig.1-3 for reaction &Kr csiSM&v/u'i +'66£r . As shown in the 
figures, the calculated results are in agreement with the exper
imental data for large L waves. The calculated interaction time 
is in the range of io~**— 2x10'"$ • Similar calculation for the 
reaction /36Xe (8-3)Mev/u.)4-"98i has been carried out and the 
calculated deflection function indeed exhibits the focussing 
effect found experimentally. 
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1. S.Ayik, G.Wolschin, W.Norenberg, Z .Phys ik A286,( 1978)271 
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A Simple Model for Studying the Stretch at Scission point 
in Fusion-Fission and Quasi-Fission Induced by Heavy-Ions 

Wang Zheng-da, Xu Shu-wel and Miao Rong-zhi 

( In s t . Mod. Phys.A.cad. Sinica.Cnina) 

Assuming tha t the kinet ic energy of re la t ive r a d i a l motion of 
fragments can be neglected during the sciss ion process , so that 
the adiabat ic approximation condit ion i s assumed to be fulfi l led, 
and the fragments have ro t a t i ona l l y symmetric quadrupole defor- "" 
mat ion only, we have 

dVU.ot,,*) 
= 0 i.2 

•which govern the motion of the 
fragments at scission point, 
where V is the distance 
between the centers of mass of 
two fragments, «i the quadru
pole deformation (stretch) 
parameters i Ri the radii of 
spherical fragments, U the 
total potential energy of the 
system, including Coulomb, 
nuclear, centrifugal and defor
mation energy. Nuclear poten
tial was deduced from the 
integral of nuclear force, the 
form of latter at the contact 
point being 

J ,̂=-J?TTC 1̂ + i > &R* 
i' 'A' "A" '& 'f& i 

Seal 

{< 0+°fe) + .1 ( i * * . ) - ) *»* 
VA T - 2 M ^ m * which was derived by means of 

J.Wilczynski's method*', but 
adopted to the quadrupole deformed nuclei. Solving these simple 
algebra equations, we can obtain the scission point stretch 
and evaluate the total kinetic energy of emitted fragments. The 
calculated results are in agreement with most experimental data 
for the average total kinetic energy of fragments for heavy 
nuclei, .which are emitted in the process of fusion-fission 
(Fig.1)Jand quasi-fission e. i, complete damping process of 
DIS (Fig.2)3-> induced by heavy-ions. 
1. J.ffilczynski, Nucl. Phys. A216(1973)386 
2. R.Vandenbosch & J.R.Huizenga,nHuclear Fission" (1973)P.290 
3. R.P.Schmitt et al, Nucl. Phya. A279(1977)141 
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ON THE SIGNATURE OF LOW PARTIAL WAVES IN HEAVY-ION SCATTERING 
N. Rowley* and E. Plagnol and C. Marty** 

Dept. of Theoretical Physics Institut de Physique Nucleaire 
1, Keble Road, Oxford, U.K. F-91406 Orsay Cedex 

For many light heavy-ion systems an enhancement of the large-
angle elastic cross section has been observed and it has been 
necessary to introduce new optical potentials in order to fit 
this effect. Many of these potentials give a significant internal 
wave contribution S 1 to the elastic scattering matrix and in the 
WKB method1) this contribution may be separated naturally from 
the barrier contribution S B. One finds that the corresponding 
amplitudes satisfy 1^(6) | 2>|fB(8) | 2 at backward angles. If the 
real part of the total potential V(r) (excluding the centrifugal 
term) is deep i.e. if -Re V(0)> E (the incident energy) then the 
complex internal deflection function may be written 

where k is the incident wavenumber, R is the potential radius and 
T is an effective surface thickness in the barrier region. The 
complex grazing angular momentum is X„ = X R + iXj and R„ is the radius of the corresponding potential barrier. The linear part 
of O 1 depends only on R and V(0) and the second term in (A) is 
important only near X R where it gives rise to a nuclear rainbow. Since O 1 is linear for small X, stationary-phase arguments tell 
us that low partial waves are important only at forward angles. 
Only the farside amplitude ft (6) 2) is stationary since Re<ffiI< 0, 
though fj(8) gives a diftractive contribution at large angles. 
Since large deflections are obtained only for X * X R the enhanced large-angle cross section does not necessarily imply the presence 
of low partial waves. The ideal method of detecting their presence 
would be a careful measurement of the cross section in the 
Fraunhofer region where ft should interfere strongly with fjj 
which is peripheral at these angles (i.e. characterized by X R). Since fj(8) comes from the stationary point X+(B) (where 
Re © I ( X T ) R !- 6) the resulting oscillations should have a period 
2ir/(XR+Xi(6)) compared with T/X R at large angles. Measurable differences between these two periods would unambiguously indi
cate the importance of low partial waves and through (A) would 
give some indications on the properties of the real nuclear 
potential. 

SRC Advanced Fellow 
Division de Physique Theorique, Laboratoire associe au C.N.R.S. 

1. D.M. Brink and N. Takigawa, Nucl. Phys. A279 (1977) 159 
2. N. Rowley, H. Doubre and C. Marty, Phys. Lett. 69B (1977) 
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MOLECULAR RESONANCES IN THE 1 6 0 + 1 6 0 SYSTEM1" 
Yosio Kond5 + +, D.A. Bromley, and Yasuhisa Abe* 

A.W. Wright Nuclear Structure Laboratory, Yale University 
New Haven, Connecticut 06520 

•Centre de Recherches Nucleaires, 67037 Strasbourg, France 
and R.I.F.P., Kyoto University, Kyoto 606, JAPAN 

Recent measurements on gamma-radiation ' 
state of 16o, total fusion cross section 
data and the much older elastic scattering 
data for the 16o+T6o system all show pro
nounced energy dependent structure at ener
gies above the Coulomb barrier. A band- ; 
crossing model2) (BCM) that has been pro- ; 
posed as a possible mechanism for resonances \ 
in heavy ion reaction is applied to the ' 
I60+I60 system. ; 

The structure in the 6.13 MeV gamma-
radiation yield can be understood in terms 
of the BCM, assuming the crossing of the 
elastic potential resonance band and an a-
ligned inelastic-rotational band in which 
the intrinsic spin 1(311) and the relative 
angular momentum L are coupled to their 
maximum value, i.e., J=I+L. 

Coupled-channel calculations based on 
this model reproduce all of the above-
mentioned energy dependent structure. The 
structure in the gamma-radiation yield which 
appears to be superimposed on a monotonically 
increasing background, is reproduced reason
ably well by the predicted 3} inelastic 
cross sections. (Fig. 1) In the middle 
panel of Fig. 2, calculated total fusion 
cross sections are compared with experi
mental data. Each oscillation in the fusion 
data can be understood as reflecting a shape 
resonance of each new grazing partial wave 
in the entrance channel. Calculated elastic 
scattering excitation function reproduce 
characteristic gross feature of experimental 
data. (Lower panel of Fig. 2) 

This is the first consistent reproduc
tion of these data. It is concluded that 
these data support the existence of nuclear 
molecular resonances in the 16Q+16Q Sy Stem. 

de-exciting the 6.13 MeV 3j 
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1 . . . . — 
Id i& H ?n !P ? 4 * 

• • -•ora(KoiatQ«iai) «• 
BCM <3,*«wtast<el • " . / S^ 

" * 

*** A / \ 
*J~+ s^J\J V . -**«••• J s^s J W . 1 

Fig. 1 

s Optical Modrl Phase Sh.fl (W*01 

a 1 0 0 ' 

< W * 5 l B > / ^ ? 3 > ^ ? Z * r f 

^ 
i z ^ 

\ 10 

• •" 1 *• ' 

ft OB Fus«n Craw Section 

H • • • • Do'o of Fernande* qlol 

^ 0 6 Present Calculation 
(Cfiupled Channel 1 

O 0 4 MM" & B* LB* 20* SS- E«* 

3u* / 7 =r/T7T/f/ ~A 
• 1 Eteshc E«D*0'ion Function 

(Coupled Channel) 
. S c m = 9 0 0 ' 

- • * ia * . k • • • 

•3 •r. • /f A" 

n 5 *\D -A ̂ i* ,< fv* L i 

CM ENERGY IMpVt 

'This work was supported by DOE under con- Fig. 2 
t ract No. EY-76-C-02-3074. 

^Present address: Nuclear Physics Laboratory, University of Pittsburgh, 
Pittsburgh, Pennsylvania 15260 

1. O.J. Kolata, ejt aj_., Phys. Rev. CJ_9 (1979) ?237. 
2. T. Matsuse e_t al_., Prog. Theor. Phys. 5£ (1978) 1904. 
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A NEW APPROACH TO THE CHARGE-EQUILIBRATION IN DEEP INELASTIC 

COLLISIONS OF HEAVY-IONS 
E . F . H e f t e r 

Institut fur Theoretische Physik 
Universitat Hannover 

Appelstrasse 2 
D-3000 Hannover 1 

For a description of the charge equilibration process in the 
diffusion-phase of deep inelastic collisions (DIC) of heavy ions 
the Fokker-Planck-equation (FPE), as derived from a master 
equation or formulae obtained from gas-kinetic models are em
ployed. The simplified version of the FPE reads 
Pt(x,t) + v-P = D-P x x; P t = :ap/3t; (1) 
where v and D are the drift velocity and the diffusion coef
ficients, respectively. Recent experimental evidence suggests 
that at least in some cases application of nonlinear equations 
might be more appropriate than the use of linear ones like e.g. 
(1). 

Recalling that the FPE obeys the dispersion relation 
(u = v-k - i-D-k2, (2) 
it is realized that the Burgers equation (BE), 
Pt(x,t) + (v +A.P).P x= D-P x x. ( 3 ) 

is a nonliear diffusion equation following the same dispersion 
relation and having the FPE as its linearized version. 

More detailed investigations1) show that the Korteweg-de 
Vries-Burgers equation (KdVBE), 
Pfc(x,t) + (v+A-P)-Px + S-P^ = D-P x x, (4) 
is the appropriate equation describing the whole diffusion-
phase . 

Starting from the hydrodynamical equations 
?t(x,t) + (PV)P = -(1/p)- p 
pfc + div(pP) = 0 (5) 
the derivation of Eq. (4) is outlined. 

For the applications it turns out to be prudent to divide 
the diffusion process into three phases: 

(i) The dissipation is predominant, i.e. D>> 6; S -O; 
(ii) Dispersion and dissipation are of comparable importance, 
(iii) Dispersive effects are very important, i.e.6>>D; D - 0. 
Seemingly phase (ii) is skipped in most high energy collisions. 

Applications of this model to experiment are discussed 
indicating also in which cases it may be safely substituted 
by linear laws. 
1. E.F. Hefter, to be published 
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SOLITON-WAVEFUNCTIONS 
K.A. Gridnev and E.F. Hefter 

Institut fiir Theoretische Physik 
Universitat Hannover 

Appelstrasse 2 
D-3000 Hannover 1 

It is recalled that analogies to hydrodynamics lead us to 
the derivation of nonlinear Schrodinger equations (NOSE) 
- 3m--A«<- (E-VM- + V̂ ij; = 0 (1) 
for the elastic scattering of heavy ions . The nonlinearity is 
of the type 
V N L = C-ln (p/po) ~- C(p-p o)/p o (2) 
where C = K/9 gives the compressibility, p corresponds to the 
unperturbed density (e.g. the measured charge densities or E|<J>.|J 
Ik - solution of the corresponding Schrodinger equation with 1 

p=0) and p(t) demotes the perturbed density (p (t)=jc| ij/. | 2 ) . 
The numerical solution of the NOSE will be shown to yield a 

good agreement of theoretical and experimental cross-sections. 
Furthermore, it gives rise to quite realistic values for the com
pressibility, i.e. K = 270 (+10; -40) MeV. More extensive calcu
lations for different projectile-target systems and for a wider 
range of projectile energies are expected to reduce the error 
bars assigned to K. 

Hence it is seen that already the traditional applications 
of the NOSE support the philosophy leading to its derivation. But 
in spite of its success it remains a "crutch" made only for a 
special purpose. Vet, this statement will possibly have to be 
modified due to some additional features of such a NOSE: 

(i) In a different context it has been shown to support 
soliton solutions that move (at least under the influence of an 
electromagnetic field) like real particles. The same holds e.g. 
for its motion in the potential well of an n-dimensional 
oscillator. . .. 

(ii) The solutions of the NOSE have also been quantized 
If the soliton solutions of the NOSE can be shown to be of 

any relevance to nuclear physics, then this could be interpreted 
as an indication that we happened to find more than just a simple 
model for the elastic scattering of heavy ions. 

A thorough discussion of the last point constitutes the 
central part of the present contribution. 
permanent address: NIIF, Leningrad State University, Leningrad, 
USSR 
1. D.S. Delion, K.A. Gridnev, E.F. Hefter and V.M. Semjonov, 

J. Phys. G: Nucl. Phys. _4 (1978) 125 
2. I. Bialynicki-Birula and J. Mychielski, Ann. Phys. (N.Y.) 

100 (1976) 62 
3. G.C. Marques and I.J. Ventura, J.Math.Phys. 21 (1978) 838 
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PlOfc MUI/TIPLICITIiiS II' IKKLA5TIC FUCLHUS-l-WCLEUS IaTJiRAC,~OK'j 
AND IH CENTRAL K'JCL3U3-::UClJiU5 COLLISIONS AT l.j G»V/c/>J 
rJiCIDE;jT kO'r.jsNTUL: 

SHI-20O Collaboration. ..lme-Ata-Dubna-Tbilisi-V/arcav, 
Ao be presented by j5.3fcr2ypcsak, Institute of Kxperi^o.rtal Physics, University of JaKavj, Poland/ 
tiultiplicitieo of negative nior.s fioa 4He, 1 ^ 0 , 1 6 0 inter

actions with cure nuclear tar^ets/li, Pb/ placed inoide the 
dz streamer chamber were 3tudied. The chamber was triggered 
either for inelastic interactions or for "central" collisions 
/•.vith no charged fragments of the Drojectile emitted within a 
narrow forward cone/. The dependence of the average.-.multipli-
oity <n> 01. the target mass number A„ for *He and * 2C in
elastic interactions was obtained ana compared with predictions 
of some theoretical model3 /Pig.1/. 

The predictions baaed on indeoendent nucleon-nucleon col
lisions approaches /MSM.SIB ir 
which it is assumed that pions 
are produced mainly in the sin
gle collisions of projectile 
nucleons with first encountered 
nucleons of the target nucleus/ 

* 3 

Pie- 2 pig. T 
are consistent with our data. 

The dependence of the dispersion D on <n>was obtained for 
inelaatic"and"central" collisions and compared with that for 

?2"S interactions /Pig.2/. The D vs <n> dependence for 'He and 
C nuclei "inelastic" collisions with nuclear targeta is linear, while the dependence for "central" collisions can be described by relation : D^ ~ <n> . 

1. Y.Afefc et a l . , Phys.Rev.Lett.41/1978/849 
2 . A.Biaias e t a l . , Kucl.Phys.BllT/1976/461 
A £ a 'M»Shabelsky, Leningrad tiucTTPhys.Inat..preprint 464/1979/ 
4 . V.Aksinenko et a l . , Nucl.Phya.A324/1979/266 
5. K.K. Guditaa et a l . , Yad.Piz.gj/l978/658 
6. J . Bartke, Mucl. Ptys. PQ£, 1,81 (1980) 
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A STUDY OF Mg STATES > 20 MeV EXCITATION USING THE C( 0,a) Hq REACTION. 

Brookhaven National Laboratory, Upton, Long Island, New York 11973, U.S.A. 

_2 ]e 
Natural C targets of 2-10ugm cm thickness were bombarded with 0 ions at 
energies in the range 60-100 MeV using the Brookhaven National Laboratory MP7 
tandem accelerator. Alpha particles were detected at 0 to the beam direction 
using the Q3D spectrometer. The beam was stopped by a tantulum disc at the 
spectrometer entrance and suitable foils placed in front of the focal plane 
detector. Alpha particles emitted coincident in time with those observed in the 
spectrometer were detected using a position sensitive Si surface barrier detector 
in the range 6-25 . Coincident \-rays were detected at 90 using a 12.7 cm x 
10.2 cm Nal detector. These data were analysed to give level energies, level 
widths, a-branching ratios, a-angular distributions and upper limits for *y-decay 
partial widths. Results for the strongest excited states based mostly on measure
ments at two bombarding energies are shown in the table. The result that different 
branching ratios are observed at two energies for a-groups corresponding to 20.91 
and 21.29 MeV excitations suggests that doublets separated by less than 13 keV 
occur at these energies. The a-decay branching ratios were compared to statistical 
model calculations and shell model calculations of high spin states made by 

Whitehead and Watt . The 
Percentage Ct-Decays to Ne States statistical model results are in 

Ex( 2 4Mg) r O.OMeV 1.63HeV 4.25MeV 8.78MeV p 0 0 r agreement and indicate that 
MeV keV (0+) (2+) (4+) {6+) 

states below and above E = 2 5 MeV 
20 selectively populated the Ne 

4.25 MeV and 8.78 MeV states 
respectively. On the other hand 
general agreement is observed 
between the data and the calculations 
of Whitehead and Watt. However these 
calculations indicate that more than 
one it-value should be involved in 
the a-decays which would give rise 
to structure in the a-angular 
distributions. Contrary to this we 
find no evidence of these structures 

within the accuracy of our measurements. 
1. R.R.Whitehead and A.Watt, Department of Natural Philosophy, Glasgow University, 

Private Communication. 
*. Permanent Address: Department of Physics, The University of Edinburgh, Scotland. 

17.12 <13 18 
19.3 15 1 71 
20.17 35±9 2 1 92 
20.4 2 2 91 
20.91a> <13 6 22 72 
20.91 b' <13 2 9 83 
21.29s' <13 2 17 58 
21.29b) <13 3 55 37 
21.85 <13 2 17 5B 
22. B9 <13 26 33 
24.37 21+7 1 66 
25.18 163±6 24 15 31 
26.05 <13 2 8 67 
26.45 115+20 77 

a) 7BMeV 6 0 ions b) SOMeV 0 ions. 
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SEARCH FOR LOW ANGULAR MOMENTUM CUTOFF IN THE FUSION OF 2 7 A 1 + 2 8 S i 

** 
J. Barrette, 0. Hansen, M.J. LeVine, C.J. Lister, and H.E. Wegner 

Brookhaven National Laboratory 
Upton, New YorK 11973 

and 

P. Braun-Munzinger 

Physics Department, SUNY, Stony Brook, N.Y. 11794 

Time-dependent Hartree-Fock calculations have predicted that in the fu
sion of 2 8 S i + 2 8 S i and 1 5 0 + "•"Ca at high center of mass energy there exists 
a critical angular momentum I , below which no fusion occurs. ' To investi
gate this possibility we have measured the mass distribution of the fusion 
evaporation residues in the reaction 2 8 S i + 2 7 A 1 at E =67.8, 80.1 and 92.4 
MeV. The 2 8Si beam was produced by the BNL three-stage MP tandem and the fu
sion products were detected in a time-of-flight spectrometer. At the three 
energies the angular distribution of the evaporation residues was measured 
from 8. ,=3 to 8. h*22 . The cross sectionsfor the heaviest residues (Mi.46) 
are presented in cne table. The error on the absolute cross section is esti
mated to 10% whereas the error on the relative cross section for various mas
ses at a given energy is less than 5%. The heavier masses originate mainly 
from the decay of the lowest partial waves and are expected to be the most 
sensitive to the presence of a low S. . The measured cross sections are 
compared in the table to the calculated cross section assuming no low I 
and assuming a low £ corresponding to the prediction of TDHF for Si + 

Si at equivalent center of jnass energy. The evaporation calculations were 
done using the code CASCADE.2' In all the calculations the maximum angular 
momentum leading to fusion was adjusted to reproduce the total measured fu
sion cross section. At all energies the agreement between the measured and 
calculated cross sections is better when no low £ . is assumed. This is 
particularly evident at the highest energy where Cne evaporation calculations 
imply a strong signature for a low £ . near that predicted by TDHF. 

MASS 
IJ46-51 

672 
660 
626 
418 
454 
327 
310 
323 
180 

* Supported in part by the Division of Basic Energy Sciences, U.S. Department 
of Energy under contract No. DE-AC02-CH00O16 and the National Science 

^Foundation. 
Permanent address: Neils Bohr Institute, Copenhagen. 

1. P. Bonche, et al., Phys. Rev. C20 (1979) 641. 
2. F. Puhlhofer, Nucl. Phys. A280 (1977) 207. 

MASS 
E 1 -. 46 47 48 49 50 51 
cm crit 
(MeV) fr) o(mb) 
67.8 exp. 90 208 168 60 120 26 

th. 0 121 171 191 50 110 17 
th. 9 143 151 190 40 87 15 

80.1 exp. 117 149 47 69 34 2.2 
th. 0 104 180 52 78 40 <1 
th. 15 61 159 48 34 25 <1 

92.4 rxp. 140 68 50 43 9 <1 
th. 0 140 79 45 57 2 <1 
th. 20 83 71 6 19 1 <1 
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STUDY OP THE ALPHA-DEUTERON CLUSTER REPRESENTATION OF Li 
FOR THE FINITE RANGE DWBA ANALYSIS OF (°Li,d) REACTIONS 

D.R. Chakraharty and M.A. Eswaran 
Nuclear Physics Division, Bhabha Atomic Research Centre 

Bombay 400 085, India 
The alpha-deuteron cluster representation of Li to be 

used in the finite range distorted wave Born approximation 
analysis of (°Li,d) reactions is yet not free from uncertaini-
ties'tS). For the relative motion wave function ""fadincluding 
antisymmeterization effects and effective interaction W A bet
ween them, various forms are being tried. In the present paper 
we report the results of the study of the dependence of the 
EFR-DWBA analysis with several forms of rtit&and \"<by comparing 
the calculations with the (°Li,d) reaction data1) on sd shell 
nuclei 27A1, Z^Si and 3Tp. These EFR-DWBA calculations were 
performed with the program LOLA in DEC-10 computer. , .. 

The Woods-Saxon form of V«d introduced by Kubo et al-'jwith 
the corresponding single node wave function ̂ ^is not found to 
fit the data as shown by the curves K in the figure. Nor is 
the Kubo form of 'tea modified by an empirical Jastrow factor 
successful. Similarly the Eckart function for ̂ 4 with the 
corresponding potential^-) is also not fitting the data. 

The form introduced by Watson et 3l->) with zero node wave 
function %& generated by a Woods-Saxon potential with a hard 
repulsive core with parameters V 0 = -45.25 MeV Ro = 2.0 fm a = 0.7 fm Rco« = 1.25 fm, gives the curves marked W in the 
figure. This fit is also deviating significantly from the 
data though the first maximum is predicted at the correct ang
le. Finally we find that when the Watson form is modified by 
reducing the hard core radius to 0.6 
fm with depth V 0 = -27.26 MeV (to have the correct binding energy) the 
resulting LOLA predictions (curves W;I) 
are found to fit the data satisfact
orily. The different choices of sui
table optical model parameters in the 
analysis do not alter this conclusion. ; 
The curves are shown normalised at the i 
peak angle. The variation of relati- 1 
ve ground state to ground state spe- j 
ctroscopic strengths for odd-A sd she- T 
11 nuclei obtained in an earlier ana
lysis'') with a different form of 'YUA 
and \4i|are not significantly altered 
with the form MW referred above thou
gh the absolute cross sections are 
predicted to be more by a factor of 3-
1. M.A.Eswaran et al, Nucl.Phys. A325 (1979) 269, M.A.Eswaran 

and H.E.Gove, Phys.Rev. C1_8 (19787 1528 
2. J.Janecke et al, Nucl.Phys. A325 (1979) 337 
3. K.I.Kubo and M.Hirata, Nucl.Pnys. A187 (1972) 186 
4. P.Schwandt et al. Indiana University Cycljtron Facility 

report, January 1978, p. 85 
5. J.W.Watson et al, Nucl.Phys. A172 (1971) 513 
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TARGET FRAGMENT ENERGIES AND MOMENTA IN THE REACTION 
OF 4.8 GeV 1 Z C AND 42 GeV 2 0Ne WITH 2 S B D + 

W. Loveland, Cheng Luo, P.L. McGaughey, D.J. Morrissey and G.T. Seaborg 

Nuclear Science Division, Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

Fragmentation of a 2 3 a u target nucleus by relativistic heavy ions, has, 
since initial studies1' revealed large yields of fragments with 160 < A ̂ 190, 
held the promise of showing us unusual, perhaps collective, aspects of rela
tivistic nuclear collisions. We felt that measurement of the target fragment 
momenta, energies and angular distributions as a function of projectile 
energy would allow us the best opportunity of studying these effects. In 
this work, we report the results of such a measurement for the reaction of 
4.8 GeV (0.4 GeV/A) 1 2 C and 42 GeV (2.1 GeV/A) 2 0Ne with 2 3 e U . 

Thin (~25 mg/cm2) foils of 2 3 8 U were irradiated with 4.8 GeV 1 Z C and 
42 GeV 2 l lNe beams at the LBL Bevalac. The fractions of ~80 different target 
fragments recoiling forward or backward out of the target (F or B, respec
tively) were measured along with the fraction stopping in the target foil 
using radioanalytic techniques. Known range-energy relationships along with 
the simple two-step vector model2' of nuclear reactions were used to deduce 
the target fragment momenta and energies. In addition, crude angular 
distributions of the target fragments were measured in the 42 GeV bombardment. 

In the lower energy bombardment, the fragments are emitted forward to 
a degree not observed in any reaction involving relativistic protons with 
2 3 e D . At the higher energy, the F/B ratios are near unity with the angular 
distribution of a typical "fission fragment" such as 9 9Mo being isotropic, 
while a light product " 3K shows a sidewise peaked angular distribution. 
The mean fragment kinetic energies and momenta are roughly the same at the 
two bombarding energies. These effects are similar to those observed in 
proton induced reactions but greatly enhanced in magnitude. In the complex 
variation of fragment momenta with their N/Z ratio, one finds evidence for 
the fission of A ~ 120 species formed by deep spallation of the target and 
evidence for the presence of a partial deep spallation origin of typical 
"fission fragments" such as 9 9Mo, 1 1 2Pd, etc. Comparison of these results 
with predictions of both the intranuclear cascade calculations of Yariv and 
Fraenkel and the firestreak model shows the cascade model predictions to 
grossly overestimate the target fragment momenta, while the firestreak model 
calculations are in better agreement with the data. 

+This work was supported in part by the Nuclear Physics Division of the 
U.S. Department of Energy. 

^Permanent address: Department of Chemistry, Oregon State University, 
Corvallis, Oregon 97331. 

^Permanent address: Atomic Energy Research Institute, Beijing, PRC. 
*W. Loveland, R.J. Otto, D.J. Morrissey, and G.T. Seaborg, Phys. Rev. Lett. 
3£ (1977) 320. 

2L. Winsberg, Nucl. Instr. and Meth. jj£ (1978) 465. 
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UNIFIED DESCRIPTION OF STATISTICAL AND VIBRATIONAL EXCITATIONS 
IN DEEP-INELASTIC COLLISIONS WITHIN A BROWNIAN MOTION THEORY 

M. Durand 

Institut des Sciences Nucleaires Grenoble, France 
P. Frobrich 

Hahn-Meitner-Institut and Freie Universitat, Berlin-West,Germany 
1 

The projection operator technique of Mazur and Oppenheim ) ? introduced into the theory of Brovmian motion and used by Gross ) 
to describe the relative motion in deep-inelastic collisions can 
be generalized in such a way that the simultaneous treatment of 
the relative motion and of collective vibrational degrees of 
freedom is possible. Using the Markoff approximation and eval
uating the Liouville propagator by expansions in (m/M1/2 and 
(m/Dx)V2 (where m= nucleon mass, M= reduced mass, D\= mass 
parameter of the vibrational statex) a multidimensional Fokker-
Planck equation is derived, where friction and diffusion coeffi
cients are microscopically given by the corresponding force-force 
correlation functions. 

As a first application the 
resulting Fokker-Planck equation is 
solved for the focussing reaction 
Xe+Bi (ELab=1130 MeV) by taking only into account the quadrupole 
deformations and using the pheno-
menological parameters of Ref.3). 
The figure shows a comparison of 
our calculation (solid lines) with 
experiment and with a calculation 
of Weidenmuller et al.4) where no 
deformation is included (dashed 
lines). in contrast to Ko5) we 
found that it is not sufficient 
to use only damped vibrators, 
because in that case the observed 
focussing is destroyed in our calcu
lations. Only the inclusion of 
frictional coupling terms between 
the relative motion and the vibra
tional modes, which occur in the 
theory in a very natural way, 
reestablish focussing.The inclusion 
of vibrations gives no fusion for 
the Xe+Bi system in agreement with 
experiment and opposite to the 
classical calculations of Ref. 3). 

i i i i i l i i 
1130 MeV ALL Z 

x10°-

i i i i i 

1 . P . Mazur , I . Oppenheim, P h y s i c a 50 (1970) 241 
2 . D .H .E . G r o s s , Z . P h y s i k A 291 (1979) 145 
3 . D . H . E . G r o s s , H. K a l i n o w s k i , P h y s . Rep . C 45 (1978) 175 
4 . D. A g a s s i , C M . Ko, H.A. W e i d e n m u l l e r , P h y s . R e v . C18 (1978) 

223 
5 . C M . Ko, P h y s . L e t t . 81 B (1979) 299 
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HEAVY-ION INDUCED MULTIPLE ROTATIONAL EXCITATIONS 
WITHIN THE CLASSICAL S-MATRIX THEORY 

P. Frobrich , P. Kaufmann, and K. Mohring 
Hahn-Meitner-Institut fur Kernforschung GmbH,Berlin-West,Germany 

The classical S-matrix theory (CSM) as developped in mole
cular physics!) was previously applied to multiple Coulomb 
excitation of a rigid rotor in backward heavy-ion scattering2). 
However, calculating angular distributions the uniform CSM has 
been proven to be very tedious3) and an integral representation 
fails because of caustic problems4). In order to obtain angular 
distributions in a simple way we therefore introduce the 
following modification into CSM. Only the planar (helicity 
conserving) aspect of the reaction is treated without further 
approximation. In this case the integral representation turns 
out to be valid and is easily evaluated. The out of plane motion 
is described in a quantal sudden approximation leading to 
analytical corrections of the planar semiclassical expressions. 

The figure shows results for the Coulomb excitation of 
1 5 2Sm by 2C»Ne. The experimental data and the quantal coupled channel analysis (including only 0+ and 2+ in Sm) are taken from 
ref. 5). The better agreement of CSM with the data for backward 
angles clearly demonstrates the necessity to include also higher 
rotational states as done in CSM. Our results are in agreement 
with a deBoer-Winther (BW)calcu
lation . 

In applying our approach to 
very heavy systems we find devia
tions from BW for the higher spins. 
Because neither quantal calcula
tions nor experimental data are 
available to us, a conclusion is 
hardly possible. There are, 
however, indications that our 
integral representation may not 
describe classically forbidden 
transitions. 

We also performed calcula
tions including a nuclear exci
tation of the rotor. 

2 °N« . ' 5 2 Sm '-^7x E, a b = 70MeV -

, a cifwriment ^ f rs 
, coupled channBl|0\2") 
. sctniclassicat 

* * » * • • • 

B c m | d i j f M S 
1 1 • 

20 40 60 BO 100 120 110 160 

A atipenmint 
eoupltd charmet{0*.2*l 
samiclassical 
E,.=122kJV 
BtE2)-3 .<0 t ' b ! 

3 9 ; 

also Freie Universitat Berlin 
e.g. W.H. Miller, Adv. Chem. Phys. 25 (1974) 69 
S. Levit, U. Smilansky, D. Pelte, Phys. Lett. 53 B (1974) 
H. Massmann, J.O. Rasmussen, Nucl. Phys. A243 (1975); 
R.Donangelo et al. Phys.Lett. 64B (1977) 377 
P. Frobrich, Q.K.K. Liu, K. Mohring, Nucl. Phys. A290 (1977) 
218 
P. Frobrich et al., Fizika, vol.9, suppl. 2 (1977) 67 
P. Doll et al., Phys. Lett. 76B (1978) 556 
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A Detailed Study of the Reaction Mechanism 
for °C on s wBi at 61,1-73.0 MeV* 

Xie Yuanxiang.Zhu Tongtai,Shen Wenqing.Yu Jusheng.Sun Xijun 
Liu Guoxing.Sun Chichang.Guo Juhsheng,Jm Genming 
J.D.Garrett**,Wu Enchiu and Yang Chengzhong 

Institute of Modern Physics,Academia Sinica,China 
In heavy-ion collisions the division of the reaction cross 

section,OR. between the various competing mechanisms is a subject 
of considerable current interest. We have measured Oet (e),o>, eva
poration and recoiled residue, osr , ( !" s , XXA' 2""nFr and 209.210,2<t-
At) and transfer (<r« , at, , ate and <TB) cross sections for , 2C + ^ i 
at incident energies near the Coulomb barrier, using fiE-E, mica 
track, thin SSD detectors and He jet technique,»-*> 

The tr« obtained from OM-analysis of the elastic scattering 
agrees very well with the sum of the measured reaction cross sec
tions.'" To fit the experimental Get and ay , the initial spin dis
tribution of the compound nucleus was calculated from transmission 
coefficient and the competition between on- and w . by a statistical 
model analysis from which an S-wave Bf of 6-7 MeV for z,,Ac is de
duced. T> Thus the general features of the i -dependent reaction me
chanism were well described. 

The most interesting result of this series of experiments is 
perhaps the establishment of a sizable direct BBe transfer process 
2°5'Bi( ,2C,oc) 2 l 7Fr*. The residue a , TFr* f left in ground state after 2n-evaporation, decays into 2"At by alpha emission. This is evi
denced by 1) the shape of the alpha energy spectrum (peaked at Qc?t, 
), 2) the angular distribution of alphas(peaked at grazing angle, 
Fig.1&2), 3)c&~(5iiAt »(Fig.3),4) the energy balance and 5)probably 
by ruling out alpha transfer} , aC, 8Be). This reaction mechanism was 
first suggested by R. Bimbot et al. 

The cross section extracted from the upper limit of the iso
tropic part of the alpha angular distribution is consistent with 
the measured cross section of """FT. So this isomeric isotope may 
have been produced by the reaction ""BK ,2C;<x,3n)by <*-evaporation. 

1)Shen Wenqing et al.,Phys.Enger.Fortis et Nucl. Phys.(China) 
1(1977)70. 2)Sun Xijun et al.,ibid.2(1978) 143. 3)Sun Chichang et 
al.,ibid.2(1978)151. 4)I4u Guoxing et al.,ibid.2(1978)242. 5)Xie 
Yuanxiang et al.(0eL ),ibid.(to be published). 6)Wu Zhongli et al., 
ibid(to be published). 7)Jin Genming et al.,(to be published in 
tfuel. Phys.). 8)R.Bimbot et al.,Uucl. Phys.A189(1972)193. 

*The experiments were done jointly by several research groups of 
IMP.Ianzhou.For the full name list of the authors,see original pa
pers cited above. 
**Niels Bohr Institute, Copenhagen 0, Denmark. 
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EVIDENCE OF SEQUENTIAL a-DECAY 0F, 1 60 AND 2 0 N e IN THE REACTIONS 
! 7Al( 1 60,Ca) AND 2 7Al( 1 60, 1 60'a) i) AT 88 MeV 

M. Sasagase, H. Sato, S. Hanashima, K. Furuno, 
Y. Nagashima, Y. Tagishi, S. M. Lee and T. Mikumo 
Institute of Physics and Tandem Accelerator Center, 
University of Tsukuba, Ibaraki 305, Japan 

We reported previously ' the dominance of the deep-inelastic (DI) process 
in the scattering and multinucleon transfer reactions 1 60+ 2'A1 at 88 MeV. In 
order to elucidate the reaction mechanism in more detail, angular correlations 
between heavy ejectiles (3<Z<8) and a-particles were measured. 

88 MeV beam bombarded an aluminum foil of 460 pg/cnr thick. A heavy-ion 
counter telescope was fixed at e Hj=Z0°, near the grazing angle 17°. In C-a coincidence, the final state of 'zC(g.s.)+z'Al(g.s.) was observed 
most clearly. The energy spectra oi" coincident carbon ejectiles leaving both 
" C and Z'A1 in the ground states are presented in the figure. Some peaks 
observed in these spectra were found to be due to the sequential a-decay of 
excited 1 6 0 nuclei (Ec-a=2.8, 4.4, 6.0, 8.0, 9.0, 14 MeV, i.e., Ex(16o)=10, 11.6, 13.2, 15.2, 16.2, 21 MeV) from the kinematical consideration. For other 
final states of " c and/or Z 7 A 1 , the sequential a-decay of ' 6 0 * was also found 
at forward angles of 6 0. 

For the O-o case, the sequential a-decay of 2"Ne* was observed at forward 
8c,. Peaks are found at E 0- a=2-5, 4.0, 5.5, 7.3 and 10.5 MeV. (E x( 2 0Ne*)=7.2, 
8.7, 9.2, 12.0, 15.2 MeV). 

At larger euj, i.e., 6^1=30°, the ratios of coincident/singles of yeilds 
of both C and 0 decreased as compared to those at 6H J = 2 0 ° . This fact reflects 
that the sequential a-decay' of projectile-like fragment decreases with the 
increase of e^i. . 

The present results are to be compared with those of Harris et al. 2' at 
65 MeV, where the dominance of the contribution of the sequential a-decay of 
3 1 P * (Ex=14.5 MeV) was seen in C-a coincidence. This difference should be 
due to the fact that at E-|aD<70 MeV, the fusion reaction process dominates3) 
whereas at Eiab>70 MeV, the non-fusion process plays an important role 1)> 3)»4). 

20 •' 
10-' 

, * 2. v. E c. a=2.8MeV. 

3 ,.E C. <=6.0 

£?,. 7t 
fill 

4:Ec^=fl.O 
I 5 : E r f 9 . 0 

1) T. Mikumo, M. Sasagase, M. Sato, T. Ooi, 
Y. Higashi, Y. Nagashima and M. Yamanouchi, 
Phys. Rev. C21 (1980) 620. 

2) J. Harris, T. M. Cormier, D. F. Geesaman, 
L. L. Lee, Jr., R. L. McGrath and J. P. 
Wurm, Phys. Rev. Lett. 28 (1977) 1460. 

3) B. B. Back, R. R. Betts, C. Gaarde, J. S. 
Larsen, E. Michelsen and T. Kuang-Hsi, Nucl. 
Phys. A2ES (1977) 317. 

4) T. M. Cormier, A. J. Lazzarini, M. A. 
Neuhausen, A. Sperduto, K. Van Bibber, 
F. Vidoback, G. Yound, E. B. Mlum, L. 
Herreid and W. Thorns, Phys. Rev. C13 (1976) 
83. 
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QUANTAL FLUCTUATIONS IN INELASTIC HEAVY ION COLLISIONS 
W. Cassing and H. Priedrich 

Institut fiir Theoretische Physik I 
D-4400 Miinster, W. Germany 

In a collision of two heavy ions the finite spreading of the 
double differential cross section dza/d8dE for a given energy 
loss is usually attributed to statistical fluctuations as de
scribed by classical diffusion models. In the quasi-elastic re
gion, where the collision time is very short, this classical in
terpretation always leads to fluctuations which are too small in 
comparison with experiment and in fact vanish in the limit of 
grazing collisions with zero energy loss. 

In this contribution we present a quantum mechanically con
sistent calculation of d2cr/d8dE for the collision * °Ar •*• " 2Th at 
E C M = 323 MeV. The description of the relative motion of the two nuclei is based on the Wigner transformed reduced von Neumann 
equation which can be regarded as a quantum mechanical generali
sation of the classical Fokker-Planck equation and has been dis
cussed in ref.1' for relative motion in one spatial dimension. 
The evaluation of the cross section from the asymptotic behaviour 
of quantal Wigner functions p|(R,P) makes use of a generalisation 
of JWKB phase shifts to dissipative collisions. 

In the present cal
culation, the dissipation 
of angular momentum was 
neglected and the radial 
motion was treated in the 
local harmonic approxima-3 
tion, but quantal effects 
associated with the co
herent superposition of 
all partial waves were 
included without approxl- 4 mation. The figure shows '"' 
d2a/d8dE for values of 
energy loss of the pro
jectile from 6 to 85 MeV 
in comparison with the 
experimental data2' . The 
discrepancy with respect to the absolute magnitude of the cross 
section is due to the restriction of the experimental data to the 
K-channel. Without any adjustable parameter the calculation re
produces the spreading of 10° to 20°. In contrast, calculations 
based on a classical Fokker-Planck equation3' yield a spreading 
of less than 5° for energy losses up to about 80 MeV. 

We conclude that the large spreading of d2o/d9dE for small 
energy losses can be accounted for in a natural way by quantal 
fluctuations arising from the interference of the various partial 
waves. 

1651 1671! JIM 16) 
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1. W. Cassing and H. Friedrich, Z. Physik A291 (1979) 339 
2. J. Wilczynski, Phys.Lett. £7B (1973) 484 
3. M. Berlanger et al., Z. Physik A2B4 (1978) 61 
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STUOT OF 2 4 M g r * 2 S , 1 6 0 ) 4 C f c a + 

F. D. Becche t t i , J . Janecke, and D. Overway 

Dept. of Phys ics , Univ. of Michigan, Ann A'-bor, MI 48109 

C. E. Thorn 

Brookhaven Nat ional Laboratory, Upton, L . I . , N.Y. 11973 

L. Harwood 

Cyclotron Laboratory, Mich. State Univ., E. Lansing, MI 48824 
Cluster exchange has been proposed as a mechanism to explain heavy-ion 

scattering resonances and other phenomena1). The cluster overlaps required, 
e.g. for 2°Si->-160+ 1 2 C , are rather large (> 10 %) compared with simple esti
mates2) . Such large overlaps should result in significant direct cluster 
transfer (<J> 1 ub/sr) at high bombarding energies. We have studied the reac
tion 24Mg(32Sj160)4CCa a t BNL with E(32S) = 80 to 170 MeV. A spectrum is shown 
below. Although the 4cfca (g.s.) and low-lying levels are formed in this reac
tion, the cross sections are quite snail (<,.1 ub/sr) and fall off 
with increased bombarding energy and angle ( for angles < 40°). While the 
bombarding energy dependence is consistent with a compound nuclear process, 
the angular distributions indicate incomplete fusion. Neither feature 
indicates much direct 1^0 transfer fpx ̂ Be pickup) and set a limit of 
S£0.1 % for the product of 1 6 0 cluster overlaps in 3 2 S and 4°Ca. 

Supported in part by the N.S.F. BNL is operated by U.S.D.O.E. 
1. M. A. Franey et al., Phys. Lett. 81B (1979) 132 and refs. cited there 
2. F. D. Becchetti et. al., Phys. Rev. C21 (1980) 444; Nucl. Phys. (in press) 
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THE 0( 0,a) REACTION TO CONTINUUM STaTES* 
T. Yamaya, R. E. Tribble, D. M. Tanner, N. Takahashi, E. Takada, and 

K. Nagatani 
Cyclotron Institute, Texas asM University, College Station, Texas 77843 

Recently the C( 0,a) reaction has been studied ' ). The alpha-energy 
spectra obtained at forward angles showed pronounced structures on top of a 
large continuum. The structures were found to be correlated with the known 
intermediate resonance-like states observed in 1 2C-1 2C reactions. The 
13c(l°o,a) reaction did not show any structure in the continuum, which is 
consistent with the lack of resonances observed in 1 2C-1 3C reactions. 

Ex(MeV) IN "Si 
50 40 

We have now 
extended the study 
of this reaction 
to other target 
nuclei and present 
here the results 
of the 16o(160,a) 
reaction. The 
experiment was 
performed by bom
barding an l**o g a s 

target with a beam 
of 139-JfeV 1 6 o 4 + . 
(The beam energy 
is quoted for the 
center of the 
target.) The 
alpha particles 
were detected by a 
1.2 m gas propor
tional counter in 
the focal plane of 
an Enge split-pole 0 
magnetic spectrograph, 
a spectrum obtained at a laboratory angle of 6° is shown in the figure. The 
total alpha spectrum is shown with logarithmic scale, and a spectrum resulting 
from a background subtraction is given below the total spectrum with linear 
scale, (a curve used to subtract the background is shown also.) a series of 
structures that extends to very high excitation energy in the residual 
nucleus 2 8 S i is clearly visible. These structures disappeared when 1 4 N gas 
was substituted for l&O gas in the target cell. 

There have been a- number of experimental and theoretical investigations 
of intermediate-structure resonance states in the 1 2 c - 1 6 0 system, conflict
ing results have produced a very confusing picture, however. Thus, it is not 
possible to correlate directly the structures observed here with resonance
like states in 2 8Si. j n particular, no data are available for resonance-like 
states above 50 MeV excitation in 2 8Si. Based upon the results obtained for 
the 1 2C( 1 60,o) reaction, we suggest that the structures observed at very high 
excitation in the 1 60( 1 60,q) reaction may indeed represent resonance-like 
states that have a strong 1 2 C - 1 6 0 cluster component. 
•Supported in part by the National Science Foundation, the Robert a. Welch 
Foundation and the a. p. Sloan Foundation. 
1. K. Nagatani, T. Shimoda, D. Tanner, R. E. Tribble, and T. Yamaya, 

Phys. Rev. Lett. 43_ (1979) 14B0. 
2. T. yamaya, R. E. Tribble, D. M. Tanner, N. Takahashi, E. Takada, and 

K. Nagatani, contribution to the Intl. Conf. on Nucl. Phys. (Berkeley). 
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INCIDENT ENERGY DEPENDENCE IN THE C( 0,a) REACTION* 

T. Yamaya, R. E. Tribble, D. M. Tanner, N. Takahashi, E. Takada, and 
K. Nagatani 

Cyclotron Institute, Texas ASM University, College Station, Texas 77843 

Recently we reported results for the Ct 0,a) reaction at an incident 
energy of 145 MeV̂ -J. The energy spectra obtained at forward angles showed 
pronounced structures in the continuum. These structures were found to be 
closely correlated to intermediate resonance-like states observed in l 2c- 1 2C 
reactions. This strong correlation implied that the 1 2C( 1 60,a) reaction 
might proceed as a "direct" reaction that populates states with 1 2 c - 1 2 C 
cluster structures. If indeed this is the case, such reactions provide an 
entirely new approach to the study of exotic structure states. 

At an incident energy of 145 MeV, the structures were somewhat obscured 
by a large underlying continuum yield of alpha particles. We expect that 
part of the continuum yield arises from compound evaporation; the compound 
nucleus has a large forward momentum in the laboratory system thus yielding 
high energy alpha particles as it decays. In order to investigate the 
interplay between the underlying continuum and the pronounced structures, we 
have investigated the energy dependence of the reaction by increasing the 
bombarding energy. Data have now been obtained for incident energies of 
181 and 229 MeV. The structures persist at higher bombarding energies but 
the cross sections decrease more rapidly than that of the continuum. The 
transition probability to low lying states in 2^Mg also becomes quite small. 

Qualitatively, these features can be understood from simple reaction 
dynamics if we assume a ^ C cluster transfer. Thus Q-value and angular 
momentum matching appear to dictate the angle and energy dependence of the 
cross sections to these structures, just as has been observed in somewhat 
more conventional heavy-ion transfer reactions. 

A quantitative understanding of the process, including a better des
cription of the underlying continuum, will require a detailed theoretical 
study. 

'Supported in part by the National Science Foundation, the Robert A. Welch 
Foundation, and the A. P. Sloan Foundation. 
1. K. Nagatani, T. Shimoda, D. Tanner, R. Tribble, and T. Yamaya, Phys. 

Rev. Lett. 43 (1979) 1480. 
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FRAGMENTATION OF Ar AT 118 MeV/NUCLEON 

R. Legrain , T. C. Awes , H. J. Crawford, C. K. Gelbke , 
D. E. Greiner, H- H. Heckman, J. M. Kidd*, P. J. Lindstrom, 
J. Hahoney, D. K. Scott+ J. M. Symons and G. D. Westfall 

Nuclear Science Division 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

Experimental studies of the fragmentation of 1 6 0 and 4 0 A r projectiles 
at high energies have shown that the parallel momentum distributions of pro 
jectile fragments can be well described by a statistical model of the frag
mentation process.3 In this model the width, o, of the distributions is 

1,2 

parameterised by the expression 
°0 

r,2 =, 2 (A-F)F 0 (A-li the 
where A and F are the projectile 

and fragment masses and 0 0 is related to the internal momenta of the nucleons. 
However, recent results for 1 6 0 fragmentation at 100 MeV/nucleon have shown 
that in order to explain the transverse momenta, it is also necessary to 
include the dispersion due to deflection of the projectile in the field of 
the target.4 

We report here the measurement of the transverse and parallel momentum 
widths for fragments produced in the reaction of 118 HeV/nucleon 4°Ar on 1 2 C 
and 232TJ, targets. The fragments were detected in a multielement Si (Li) 
detector telescope mounted in a large P̂ 7m> vacuum tank, allowing angular 
resolution of better than 0.5°. The momentum widths obtained for CI, S, and 
P isotopes are shown in the figure. 

In ref. 4, the transverse widths 
were parameterized using the expres-

2 
a = 

(A-F) F 
A-l 

2 F(F-l) 

^ 

4W'c 

"ll A-l "12 A(A-l) 
where 0^ 2 reflects the orbital disper
sion. Our results are consistent with 
this expression assuming a real nu
clear potential of 50 MeV. However, 
we have clear evidence that the value 
of 02 depends on the charge of the 
outgoing fragment in contradiction to 
this model. The fits obtained for 
the ^2c target are shown on the 
figure assuming a,.= 94 MeV/c and 
values of 173, 206 and 244 MeV/c for 
tJ2 in the use of CI, S and p re
spectively. This suggests that final 
otate interactions of the outgoing 
particle with the target should also 
be included in the model. 

*This work was supported by the 
Nuclear Science Division of the U.S. 
Department of Energy, 

ton leave from CEN, Saclay, France. 
•Cyclotron Laboratory, Michigan State University 
*Naval Research Laboratory, Washington, DC. 
1. D. E. Greiner et. al. Phys. Rev. Lett. 35_, 152 (1975) 
2. Y. P. Viyogi et. al. Phys. Rev. Lett. V2_, 33 (1979) 
3. A. S. Goldhaber Phys. Lett. 53B, 306 (1974) 
4. K. van Bibber et. al. Phys. Rev. Lett. £3, 840 (1979). 
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PARTICLE EMISSION FROM THE PRE-EQUILIBRIUM STATES IN HEAVY-ION REACTIONS 
T. Otsuka and K. Harada 

Japan Atomic Energy Research Institute, Tokai, Ibaraki, 319-11, Japan 

PARTICLES / MeV-EVENTS 
,„-l 

Particle emission from the pre-equilibrium states in heavy-ion reactions 
is studied in terms of the exciton model 1 , z). We consider reactions between 
relatively light projectile of mass number 10~20 and much heavier target of 
mass number >100. The kinetic energy of the projectile is assumed to be VI0 
MeV/nucleon. In this type of reactions, two major characteristics are known 
in experiments; Energy spectra of emitted particles can be fitted well by 
temparature "^several MeV, and alpha emission is enhanced compared to proton 
emission, etc.3) 

Among various possible processes in heavy-ion reactions, we consider a 
process that fusion between the projectile and the t?rgr;t takes place. Since 
the projectile itself is a nucleus as a many-nucleon bound system, it is 
expected that a finite time is needed to complete the fusion process. 

We extend the exciton model so as to include this effect ; nucleons are 
transfered one by one from the projectile system to the (heated) complex one 
with finite time intervals. Energies are also provided when nucleons are 
added. In parallel with this particle and energy transfer, the equilibration 
and the particle emission are going on, which are 
evaluated by the fermi gas estimate and by the 
detailed balance argument, respectively.") 

Let us consider the reaction 1 1 ,N+ 1 B ITa as an 
example. In Fig. 1, shown are energy spectra of 
emitted protons, neutrons and alphas calculated by 
assuming that fourteen nucleons are added to 1 B 1 T a 
simultaneously with excitation energy 98 HeV, 
forming the initial exciton state with 14 particles 
and 0 hole. The energy spectra in Fig. Z are, on 
the other hand, obtained from the assumption that 
nucleons are added one by one with a constant time 
interval 2.5xl0~ 2 3 sec. Each transfered nucleon 
provides the excitation energy 7 HeV, and the 
total is 98 HeV. When the last nucleon is trans
fered, the equilibration has been achieved to some 
extent, and the average number of excitons is 
already ZZ.8. 

In comparison between Figs. 1 and 2, it is 
noticed that the alpha emission is enhanced due to 
the finite time effect in fusion. States with many 
excitons favour the alpha emission because of the 
Q-value difference, while states with smaller 
number of excitons but higher excitation energy 
favour the proton and the neutron emissions due to 
the final state density difference. 

Temparatures extracted from derivatives of the 
energy spectra are lower in Fig. 2 than in Fig. 1, 
and are rather consistent with experimental ones 3). 

10 

10 20 30 
Energy (ttev) 

pwnriois / Mev. EVENTS 

40 

10 20 30 40 Energy (MeV) 1. 0. 0. Griffin, Phys. Rev. Lett. 17. (1966) 478. 
2. M. Blann, Ann. Rev. Nucl. Sci. 25_ (1975) 123. 
3. For example, H. Utsunomiya, T. Nomura, T. Inamura, T. Sugitate and 

T. Motobayashi, Nucl. Phys. A334 (1980) 127. 
4. D. Agassi, H. Weidenmuller anHTJ. Hantzouranis, Phys. Rep. 22C (1975) 145. 
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Problems associated with spin assignments of 
"Heavy Ion Resonances" in the C* C reaction* 

H.N. Becker, C. Rolfs, H.P. Trautvetter, 
Institut far KernphysiJc, Dniversity of Hunster, Germany 

Since the discovery of the resonances in the 
almost twenty years ago - such structures were also found in other 
systems. Several alternative theoretical concepts are presently 
discussed to yield eventually an understanding of those resonance 
structures. If these phenomena are interpreted in terms of reso
nances an unique spin assignment should be expected. 

Particle angular distribution measurements are commonly used to 
measure these spins, where exit channels with an uniqe i-value 

of the resonances. However, the a- and p,-particle groups have simi
lar qualities and should therefore yield identical angular distri
butions. In addition the analysis of all other resonating exit chan
nels should give at least consistent results. Moreover, the angular 
distributions at the resonances should be significant compared with 
that of the adjacent background. 

Excitation curves for all observable charged particle transitions 
are measured in the cm. energy range of 2.6 - 6.3 MeV in steps of 
SO - 100 keV at B angles between <^-j, - 10° and 90°. These data are 
discussed in terms of the considerations outlined above. The results 
show that for some resonances contradicting features are observed 
and therefore a unioue spin assignment or the assumed resonance 
mechanism is questionable. 

•Work supported in part by the Deutsche Forschungsgemeinschaft 
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ANGULAR CORRELATION MEASUREMENT FOR THE REACTION 1 2C( 1 60, a i) 2 4Mg(a2) 2°Ne 
S. Hanashima, M. Sasagase, Y. Higashi, Y. Nagashima, 
J. Schimizu, S. M. Lee, K. Furuno, and K. Katori 
Institute of Physics and Tandem Accelerator Center, 
The University of Tsukuba, Ibaraki 305, Japan 

24 In order to investigate highly excited states of Mg embedded in the 
continuum region, an angular correlation measurement has been made on the re
action 12c(l60,ai )24Mg(a2)20f)e. At high excitation energies, a sharp peak in a particle spectra might be contributed by several overlapping states with 
different spins. To make a spin determination more reliably, we used the sys
tematizes of experimental data obtained at several bombarding energies corres
ponding to intermediate resonances in the 12c+16o entrance channel. 

Results of spin assignments are listed below with spins determined in 
earlier worksK2,3). A remarkable feature is that selectively populated doubl
ets exist at Ex(24Mg)=12.13, 12.42, 14.12, and 15.12 MeV. These doublets were identified by careful comparison of the angular distributions of ci2 a n a > bran
ching ratios obtained at six different incident energies with each other. It 
is noticed that doublets are differently populated at E c m=24.3 MeV where a resonance is observed in the 12c(16o,12c)>60*(0+6.05 MeV) reaction and at other 
energies including resonances in the above reaction leading to 3" 6.13 MeV 
state. 
l)A.Gobbi, P.R.Maurenzig, L.Chua.R.Hadsell, P.D.Parker .M.W.Sachs, D.Shapira, 

R.Stokstad, R.Wieland, and D.A.Bromley, Phys.Rev.Lett. ,260971)396 
2)K.C.Young, Jr. .R.W.Zurnuihle, J.M.Lind, and D.P.Balamuth, Nucl .Phys.A330 

(1979)477 
3)L.K.Fifield, R.W.Zurm'iihle.and D.P.Balamuth,Phys. Rev. C8(1973)2217 

Present worX Gobbi et al. Pifield et al. Young et al. 

Ex of 24H«jIHeV); I'lE^) Ex: INE^) Ex; I'fE^l Ex, l"(E ) 

12.13^0.OB: 3~(24_3} 
12.13:0.08: A*125.9,26.5) 12.10; 4*(20,6) 

12.42:0.08: 4*(24.3J 12.45; 7~(20.9) 
12.42:0.08; 5~(23.B,26.5) 12.Bl; 6*(21.1t 

13.03:0.08; 5-(24.3.25.4 13.07; 5~(2f).9) 
25.9,26.5) 13.42; 6*(2<1.3)* 

13.B2;O.OB;<5~) (25.41 13.75; 5~(20.3) 
1 J.B4: 6*(20. ]j« 

14.12-0.OB; 4*124.3) 14.14: H*(21.1,2f>.7)« 
14.12*0.08; (7"l (25.4) 

14.41; 4*120,^ 
15.12-3.08: 4*125.4) 
15.12-0.08; 7"(24.3I 15.17; 7"(H.T)* 

15.50-0.06: 6*(24.31 

16.02-0.08: 6* 1 24 . 1,.-1 .H 1 16.7; 6*120.ft) 

16.16-0.06: 6*125.9,26.51 
16.59; 6*(20,9) 

16.31; 6*120.H* 
16.46; 7~(20 .1) 

16.85:0.06; 6*124.3,25.4) 16.55; 8*120.3,20.1,21.It* 
16.55; 9~(2n.3)» 
16.B4; B*(20.fi* * 

17.fin: 6*122.51 

17.70:0.10: 6*125.91 17.9: 6**4*122 
17.9; B*(22.5)« 

5) 
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DEPENDENCE OF ANGULAR DISTRIBUTIONS OF EJECTILES ON Q-VALUES AND NUMBER 
OF TRANSFERRED NUCLEONS IN THE REACTIONS 16,17,180 + 2 7 A 1 A N D 19 F + 2 7 A 1 

M. Sato, H. Sasagase, Y. Higashi, Y. Nagashima, 0. Schimizu and T. Mikumo 
Institute of Physics and Tandem Accelerator Center, 
University of Tsukuba, Ibaraki 305, Japan 

We reported the angular distributions d^o^dndQ of isotopes 8 ^ Z ^ 3 , 
emitted from the reactions '^O + ̂ 'Al 
of optimum Q-values. We extei 
MeV, 18o + Z 7 A 1 a t 8 8 M e V and 

... at 88 MeV') together with the systematics 
nded the study to the reactions 1'0 + 27A1 at 86.4 
'9F + " A 1 at 95 MeV. Indicent energies were 

n so as to give a nearly equal effective c m . energy, E ™ - Vj = 35 MeV. 
0 ' and F +8 beams bombarded a self-supporting Al foil, 200 wg/cm2 

As 

The values of p 

chosen _ 
_/cm2 thick. 

Ejectiles Z>_2 are identified in both Z and A. 
The energy spectra of ejectiles are, in general, of a single bump, 

in the case of 1 6 0 + 2 7 A 1 , in 
tions are well reproduced by an equation of a form 

dZ0/dndQ = A exp (-u8)/sin8 
where dQ was taken as 5 MeV energy intervals in Q-values. 
are given in the figure. 

In 16,17,18o + 2 7A1 reactions at -15^Q^_-30 MeV, i.e., in deep inelastic 
(DI) reactions, u's are almost constant for each Q-interval, except in a few 
reactions from 0 ^ n < 7 , n feeing the number of transferred nucleons. The most 
striking features are in 1°0 + * 7A1, where w's are exceptionally larger for 
ejectiles 1 80(n=0), 1 7N(n=l,p), 14r,(n=4,2p2n), compared with neighbouring 
ejectiles. In these reactions, we obtain fast decaying angular distributions, 
which suggest that a more direct-like process takes placelJ.2). Irregular 
features in these reactions are also seen in the systematics of energy-inte
grated do/dn vs. Qgg, Q-values corresponding to the two-body reactions leaving 
both final products in the ground states. 

Such,irregularities are observed not in 
again for n=0 
y-values are 

These features are not related to Qnq-values nor to separation energies. 
More detailed study in connection with other incident beams and the same 
target is in progress. 

16r Such irregularities are observed not in '"0 + 2 7Al reactions, but in ̂ 70 + 
2'A1 and I 9 F + ''A1 reactions. In 19F,+ Al case, larger u-values are found 

n=0(19F), n=l(18n) and n=4( 1 5N), while in l/p + 27Al S y S t e m , larger 
are obtained for n=0(17o), n=l( 1 6N) and n=3( 1 4C), instead of n=4( 1 3C). 

2 TAI( , 6O.X) "AIC'O.X) 

• 4 -t0<O 
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1) T. Mikumo, M. Sasagase, 
M. Sato, T. Ooi, Y. Higashi, 
Y. Nagashima and M. 
Yamanouchi, Phys. Rev. 
C21 (1980) 620. 

2) C. K. Gelbke, C. Olmer, 
M. Buenerd, D. H. Hendrie, 
J. Mahoney, M. C. Mermaz 
and D. K. Scott, Phys. 
Reports 42 (1978) 311. 
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DETERMINATION OP THE SIZE OF THE PION EMISSION VOLUME 
IN COLLISIONS OP RELATIVISTIC NUCLEI 
2m Propane Bubble Chamber Group 

Joint Institute for Nuclear Research, 
Dubna, USSR 

The size of the pion emission volume in high-energy colli
sions can be determined by the interference method "•) . Our pre
liminary result for the radius of the emission volume of negati
ve secondary pions for C + Ta collisions at p/A =4.2 GeV/c , 
based on about 200 events, was d) r » (3.3 * 0.6; fm. On the 
basis of the increased sample of about 600 events we obtain 
r = (3.0 ± 0.5)fm . This result is in agreement with 
r = (4 * l)fm obtained at Berkeley for Ar + Bal2 and Ar + 
1^304 interactions at E/A = 1.8 GeV 5) , 

We will also present the estimate of the size of the pion 
emission volume in C + C collisions at the same incident mo
mentum per nucleon, as well as an attempt to determine the cor
responding lifetime. 
+To be presented by J. Bartke 
1. &.I. Kopylov and M.I. Podgoretsky, Yad.Piz. 18 (1973) 656 : 

JETP 69. (1975) 414 ~~ 
2. N. Angelov et al., JINR, E1-12548, Dubna, 1979 

N. Angelov et al., Tad.Piz. 31 (1980) 411 
3. S.Y.Fung et al., Phys.Rev.LeTT. 4J. (1978) 1592 

537 



HEW RESULTS ON ANGULAR MOMENTUM TRANSFER PROM SEQUENTIAL FISSION 
IN 255 MeV Ar+Bi AND 435 MeV Ni+Pb DEEP INELASTIC COLLISIONS 

C. Le Brun, J.F. Lecolley, F. Lefebvres, M. L'Haridon, J.P. Patry 
J.C. Steckmeyer and R. Chechik* 

Communication presented by G. Bizard 

Laboratoire de Physique Corpusculaire, ISMRA 
Universite de Caen, France 

The first experiments on angular momentum transfer in deep inelas
tic collisions from sequential fission agree with the fact that the target li
ke fragment spin is aligned along the normal to the reaction plane and its va
lue reaches a limit compatible with the sticking hypothesis for deformed nu
clei. Nevertheless they disagree on the depolarisation mechanism since an ani-
sotropy in the in plane angular distribution of the fission fragments is ob
served only in the experiment of Dyer et al'^). 

We present new data obtained at ALICE (Orsay) on angular momentum trans
fer in deep inelastic collisions from sequential fission. The light fragment 
was identified in a solid state AE.E telescope, the coincidence fragments were 
detected in a position sensitive parallel plate detector which measured its 
4£ and time of flight. With these informations, we can separate without ambi
guity the deep inelastic events followed by a sequential fission of the target 
like reaction products from the other mechanisms. The fission fragment veloci
ty distributions in the center of mass of the target like Pb, Bi are in good 
agreement wi^h the published results (1) ; they show clearly the existence of 
an intermediate system which behaves- like a resonance decaying by fission. 

From the out of plane angular distributions peaked in the reaction plane, 
we confirm that the target like Bi, Pb intrinsic angular momenta are aligned 
along the normal to the reaction plane and reach a limit compatible with the 
sticking condition for the deformed nuclei coming from the composite system 
created in the initial reaction. 

The in t-lane angular distributions 
W($ C ( 1) shown 'i figure 1, are clearly 
anisotropic. Tntse results are fully a 
compatible with the Dyer et al published _ 
experiment'^) and are in disagreement ^ 
with the 7.5 MeV/J. Pb+Ni experiment'!) 5 
(same energy in the CMS as our experi
ment) that has found an isotropic in 
plane angular distribution. Neverthe
less we can remark that this last expe
riment presents its in plane angular 
distribution integrated over a large 
angular domain of the Ni like reaction 
product, whereas in our experiment and 
Dyer's et al one the projectile like 
reaction fragment was detected in a 
narrow angular domain. 

2 S 5 M a V - A r * 3i 
7s's ag ios ' 

t » f 
i t I \ 

43SMeV. IMi * Pb 

5 

t \ t 

fig.1 • o n en degree 

+ Present adress : Weizmann Institute of Science, Rehovot, Israel 
1 - D.V. Harrach et al, Phys. Rev. Lett. 42 (1979) 1728 
2 - P. Dyer et al, Nucl. Phys. A322 (1979) 205 
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CORRELATIONS BETWEEN MULTIPLICITIES OP PIONS AND PROTONS 
IN COLLISIONS OP RELATIVISTIC NUCLEI 
2m Propane Bubble Chamber Group 

total number of "grey" tracks emitted in nucleus-nucleus colli-

Joint Institute for Nuclear Research, 
Dubna, USSR 

In an experiment carried out by the collaboration 1) the in
teractions of relativistic protons, deuterons, helium-4 and car-
bon-12 nuclei with the tantalum target were recorded in the Dub
na 2m propane bubble chamber with three thin tantalum plates in
side the chamber volume. Por protons several beam momenta bet
ween 2.2 and 9.9 GeV/c were used, for other projectiles the beam 
momentum was 4.2 GeV/c. The multiplicities of negative pions 
and those of protons emitted into the backward hemisphere were 
determined. Detection conditions in the chamber set a lower li
mit of momentum for protons at about 240 MeV/c which means that 
the majority of them are above the evaporation spectrum. The 
average multiplicity of the backward-emitted protons was found 
to increase both with beam momentum in p-Ta collisions and with 
the mass number of the incident nucleus for fixed incident mo
mentum. However, this rise is slower than that of the multipli
city of negative pions and resembles very much the rise of the 

>er of "g 
sions *) . 

Correlations between the 
multiplicities of negative 
pions and backward-emitted 
protons for various nuclei 
incident on the tantalum 
target are shown in the figure. g 0 . For helium and carbon beams 
there is a well-pronounced 
correlation. A similar in
vestigation for proton beams 
at various momenta c ows that ^ 4.0 
in this case such a correlation C 
appears at higher incident mo- v 
menta. 
+To be presented by J. Bartke 
1. Alma-Ata - Baku - Belgrade -

- Bucharest - Budapest -
- Cracow - Dubna - Moscow -
- Prague - Sofia - Tashkent Q 5 ^ 45 
- Tbilisi - Ulhan-Bator - re 
- Varna - Warsaw - Yerevan ' 
Collaboration 

2.0-

1 ' 1 

-ii ** 
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— 1 
h-•-

1 ' 
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- 1 -

- i -

- t -

- . • • + + - + - -

- • * * - * - -
1 . 1 . 1 1 

2. N. Angelov et al., Yad.Piz. 28 (1??8) 1304 
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MOMENTUM DISTRIBUTION OF PARTICLES EMITTED PROM COLLISIONS 
OP RELATIVISTIC NUCLEI AT P/A = 4.2 GeV/c 

Alma-Ata - Baku - Belgrade - Bucharest - Budapest - Cracow 
- Dubna - Moscow - Prague - Sofia - Tashkent - Tbilisi -
- Ulhan-Bator - Varna - Warsaw - Yerevan Collaboration 
Momentum and rapidity distributions of secondary particles in 

nucleus-nucleus collisions at p/A = 4.2 GeV/c are studied as 
a function of the mass numbers of incident and target nuclei. 
The data come from the Dubna propane bubble chamber with tanta
lum plates exposed to beams of light relativistic nuclei: pro
tons, deuterons, helium-4 and carbon-12. 

As our earlier results on secondary pion multiplicities in 
collisions of relativistic nuclei 5 ) suggest the dominance of 
the independent nucleon collision mechanism, the spectra are 
presented in the laboratory frame and in the frame corresponding 
to nucleon-nucleon collisions. They are compared between them
selves and also with the spectra for elementary nucleon-nucleon 
collisions. 

Special attention is given to "central" collisions which have 
been defined as having no charged fragments of the projectile 
within the 4° forward cone. 
+To be presented by J. Bartke (Dubna/Cracow) 
1. N. Angelov et al., Yad.Fiz. ̂ 0 (1979) 1590 
2. E.O. Abdrakhmanov et al., JINR, E1-12548, Dubna, 1979 
3. J. Bartke, Proc.VIII Intern.Conf.on High Energy Physics and 

Nuclear Structure, Vancouver, 1979, ed. D.F. Measday and 
A.W. Thomas (North-Holland, Amsterdam, 1980) p. 481 
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MULTIPLICITIES OP SECONDARY PIONS IN RELATIVISTIC NUCLEUS-
-NUCLEUS COLLISIONS AND THE DISTRIBUTION OP THE NUMBER OP 

INTERACTING NUCLEONS OP THE INCIDENT NUCLEUS 
J. Bartke + 

Joint Institute for Nuclear Research 
Dubna, USSR 

Investigation of multiplicities of negative pions produced 
in the collisions of relativistic nuclei with nuclear targets 
has shown that the multiplicity distributions for nucleus-nuc
leus (A^+A^) collisions are relatively wider than those for 
nucleon-nucleon (N+N) collisions with the same average multipli
city '). The explanation of this effect can be obtained on the 
basis of the independent collision model. Assuming that nuc-
leons of the incident nucleus interact independently in the tar
get, one obtains the following expression for the dispersion 
DA*A+ in terms of the quantities characterizing N+A^ colli
sions, <n> N A t and % A t = 

D ! \ A t • < V i > D L t

+ < n > N A t

D v • 
Here <V±> is the average number of nucleons of the incident nuc
leus which interacted in the target and D^ is the dispersion 
of the Vi distribution, P v . 

The data of the Dubna 2m Propane Bubble Chamber Collabora
tion, in which non-interacting charged projectile fragments were 
identified among the secondary particles, make possible a nume
rical check of the above formula, as both <\>±> and D^ can be 
obtained from the fragmentation data in an independent way 2 ) . 
The results of this check will be presented. 

It has been shown by Gulkanian and Korchagin 3) that in the 
case of an incident nucleus with charge 2 the moments of the P̂  
distribution up to the Z-th order can be calculated from the 
fragmentation data. This would provide information on the form 
of the Py distribution. 

The Ejj distribution (v>i= 1, 2, ... A}) can be obtained if 
the fragmentation data are supplemented with the data on pion 
multiplicities in groups of events with a given number of inter
acting protons. The corresponding results "), again based on 
the data of the Dubna 2m Propane Bubble Chamber Collaboration, 
will be presented and compared with theoretical calculations 
using the geometrical model 5). i n the case of incident carbon nuclei the method of regularization has to be used in order to 
obtain a physically sensible, smooth solution. 

On leave from Institute of Nuclear Physics, Cracow, Poland 
1. N. Angelov et al., Yad.Fiz. 30 (1979) 1590 
2. J. Bartke, Proc.VIII Intern.Conf.on High Energy Physics and 

Nuclear Structure, Vancouver, 1979, ed. D.P. Measday and 
A.W. Thomas (North-Holland, Amsterdam, 1980) p. 481 

3. G.P. Gulkanian and S.A. Korchagin, private communication 
4. M. Kowalski and J. Bartke, to be published 
5. Yu.M. Shabelsky and A.P. Cheplakov, private communication 
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Excitation Functions of Ca + 0 Inelastic Scattering 

S. Kubono 

Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo, 188 Japan 
and Brookhaven National Laboratory, Upton, New York 11973, U. S. A. 

P. D. Bond and D. Horn 

Brookhaven National Laboratory, Upton,New York 11973, U. S. A. 

There have been many observations of resonant-like gross structures in 
excitation functions of heavy ion elastic scattering at far back angles, and 
also in alpha-transfer reactions. Generally, both the nuclear and the Coulomb 
terms contribute for heavy ion elastic scattering. The interference of these 
two terms were found in the analysis of 28si + 1°0 to produce proper oscil
lations for the excitation functions at 90° and 180°.*) A dominant contri
bution of the nuclear interaction could be seen measuring the cross sections 
at very forward angles in the inelastic scattering of the 4.49-MeV 5" state in 
40 C a?) 

We have measured the inelastic scattering of 5~ and (3~ + 2 ) states to 
isolate and study the nuclear term contribution. These data may be compared 
to the 180° excitation function of the 4 0 C a + 1°0 elastic scattering,3) which 
shows a resonant-like gross structure. 

We used an 1°0 beam from the BNL Tandem accelerator facility and the QDDD 
magnetic spectrograph. In order to find the first peak in the angular distri
butions the cross sections were measured in a narrow angular range at forward 
angles at several incident energies. The excitation functions of the inelas
tic scattering were measured on the first peak between EJ^J, = 50 and 70 MeV. 
There is no resonant-like structure except for the slight structure seen at 
low energies, which is partly due to the discrete angle changes. The open 
circles in Fig. 1 are the data of the excitation function of 4"Ca + 16o elas
tic scattering at 180°. Clearly, there is no correlation between them. A 
reasonable fit to the detailed structure of the elastic scattering can be 
obtained by introducing a parity-dependent potential-*-) (Cj= -0.05) in addition 
to the potential ST1 in ref. 3). 
This potential predicts little 
structure for the present 
inelastic scattering and mono-
tonic increase in cross sections 
which roughly agree with the 
data. Therefore, the structure 
of 180 elastic scattering may 
be not due to a presence of 
isolated pure resonances. 

1) S. Kubono, F. D. Bond, D. 
Horn and C. E. Thorn, Phys. 
Lett. 84B (1979) 408. 

2) P. D. Bond, M. J. LeVine and 
C. E. Thorn, Phys. Lett. 68B 
(1977) 327. 

3) S. Kubono, P. D. Bond and C. 
E. Thorn, Phys. Lett. 81B 
(1979) 140. 

10 

0.1 

I 
i L . I i 1 I i 1 i 1 r -

AOcJ+Wo INELASTIC SCATTERING 
(on Uwfirst peak) ^ p y 

...' 
* ° C a - , 6 0 ELAS^icX 

ATTERINGdaO*) 1 

54 58 62 
EiobfalWeV) 

Fig. 1 

542 



ANGULAR MOMENTUM TRANSFER IN HEAVY-ION REACTIONS FROM 7 TO 50 M e v / A T 

L. W. Richardson, G. J. Wozniak, D. J. Morrissey 
G. U. Rattazzi, C. C. Hsu, L. G. Moretto 

Nuclear Science Division 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

A survey has recently been undertaken to investigate angular 
momentum transfer in the reaction 20 N e +iaiij a f r o m 7 to 50 Mev/A 
using continuum heavy-ion y-ray multiplicity techniques. 

Preliminary analysis of the data indicates the Y~ray multiplicity 
<My> reaches values roughly consistent with the sticking limit for 
a rigidly rotating dinuclear complex at the 7.7 Mev/A bombarding 
energy. The <My > increases only slightly over the entire range of 
bombarding energy from 7.7 to 17.1 Mev/A. As the bombarding energy 
is increased to 22.4 Mev/A <Ky> is observed to decrease significant
ly to peak values of ca. 12. Preliminary results from 40 and 50 
Mev/A bombarding energies yield multiplicities of approximately the 
same magnitude. This decrease in <My> with increasing projectile 
kinetic energy is thought to be consistent with a short interaction 
time resulting in a smaller angular momentum transfer. 

The dependence of <M-y> with the detected charge of the pro
jectile like fragment has been investigated and is shown in the 
figure, v.i., at 17.1 Mev/A (16° lab) for the region of the total 
kinetic energy typically associated with the "deep inelastic." The 
increase observed in <My> with asym
metry is likely evidence of fragmenta
tion, the larger asymmetries being as
sociated with fragments from projectile 
breakup which are correlated with large 
partial waves and hence large angular 
momentum transfer. For the quasi el
astic region of the spectrum <My> 
rises sharply from near zero at 
Z=10 to approximately 22 for 2=11 
and 14 for Z=9. This asymmetry in 
<My> with Z is believed to re
flect a difference in angular mo
mentum transfer for fragmentation 
products with Z less than that of 
the projectile and for mass transfer 
products with Z larger than that of 
the projectile. 

This work was supported by the Nuclear Science Division of the 
U. S. Department of Energy. 
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SEARCH FOR SINGLE-PARTICLE MOLECULAR ORBITAL EFFECTS IN THE 
1 3 c + 1 3 c _, 1 2 C + 1 4 c REARRANGEMENT REACTION* 

S.K. Korotky, K.A. Erb, R .L . Phillips, S.J. Willett and D.A. Bromley 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

Although some observations suggest that nuclear single-particle molecular 
orbital (MO) effects may occur, no direct confirmation of the i r existence has been 
established. We have identified the single-neutron transfer induced by the scattering 
of 13c + 1 3 C as a reaction which might be quite sensitive to the occurrence of nuclear 
MO effects. By comparing the low order approximations to the atomic and molecular 
coupled-channel methods in a simple model for this reaction, we find that the ratio of 
the magnetic substate contributions to the reaction cross section may be a useful 
probe of the details of the transfer process . In particular, if MO effects such as the 
mixing of asymptotic configurations and energy level shifts occur, they are predicted 
to modify (enhance) only the AC = 0 transfer strength from the DWBA prediction. As 
one example, polarization of the neutron orbit toward the line connecting the cores 
would intrinsically enhance the likelihood of a normal £-transfer, &t=0. The At = 0 
transition, however, occurs only via recoil effects. Motivated by this consideration 
and also by the possibility that MO effects (if they occur) could result in anomalies in 
the energy dependence of the t ransfer probability, we have made extensive measure
ments of the energy and angle dependence of the spin-averaged cross section for the 
1 3 c + 1 3 c - » 1 2 C + l 4 Cg_ s _ (Am=0,l) reaction. (Note: Al = As= | Am | for this reaction, 
where s i s the channel spin.) 

Absolute cross sections were measured at eighteen 
energies in the interval 16.0< E u e a m < 50.0 MeV. At 
each energy, angular distributions consisting of approxi
mately ninety data points spread over the angular region 
32°< 0C_ m _ < 100° were obtained. The transfer data are 
characterized by dramatic oscillations with rather large 
peak to valley ratios in both the angular distributions 
(~10:1) and excitation functions C~3:l). An energy-angle 
surface plot generated from the experimental data is 
shown in the figure. DWBA calculations were carried out 
using our 1 3 c + 1 3 c optical potential 1 ) for the entrance and 
exit channel distorted waves. Unlike the experimental ob
servations the calculations show a rather smooth angular 
distribution in the range 30°< 8 C # m . S 60° due to the in
coherent addition of the At=0 and At = l contributions which 
are generally out of phase. Individually these components 
show oscillations more characteristic of the data, and a 
relative enhancement of the former would provide better 
qualitative agreement with the data in regard to the correct 
phasing. Other details of the energy dependence of the ex- 8 c m 

perimental angular distributions a re not correctly reproduced by either component of 
the DWBA cross section. These and other observations suggest that a single-step 
mechanism is not an adequate representation of the transfer process under study. 

l 3 C( l 3 C. l 2 C) w C 

(MeV) 
20 -In i 
19 4Jf»Jk U L A 1 
IB ^^^p|^M| 17 ' ^ ^ ^ ^ ^ « 
IS '^S^^^ 
14 Jfi^M'llvml^yw 
13 • ^ ^ T O L ^ ^ ^ ^ P 
12 wf^^^^^^M^ 
I I lyp^f/fpviiyp 
10 'W^Wlf/^^MM 
9 1 MKH/ B ynf 
30' 40° 50° 60° 70° 80° 90° 

1) 
Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
S. K. Korotky et a l . , (Contribution to this conference) 
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ENERGY DEPENDENCE OF THE 3 0 S i ( 1 2 C , n B ) 3 1 P i / 2 + 6-s. L = l REACTION* 

J. P. Petersen, S.J. Willett and M. P. Fewell 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

There has been interest in recent years in a certain class of heavy-ion induced 
Single nucleon transfer reactions, namely those cases where the final state is popu
lated through the unique transfer of one unit of 
angular momentum. Some of these reactions, 
when studied at energies well above the Coulomb 
barrier, exhibit diffractive angular distribu
tions which are exactly out of phase with 
distorted-wave Born approximation (DWBA) 
predictions. The problem arises because 
the DWBA predicts that the m = 1 components 
will dominate the cross section, while the 
data indicate that it is the m = 0 term which 
is largest. The 3 0 S i ( 1 2 C , 1 1 B ) 3 1 P 1 / 2 + g. s. 
reaction exhibits this anomalous behavior at 
an incident energy of 80 MeV.!) Coupled-
channel calculations for this system were not 
able to significantly improve the description. 
In an effort to study this case further, the 
same reaction has been measured at lower 
energies. The resulting angular distributions 
and the corresponding DWBA predictions are 
shown in the figure together with the original 
80 MeV results. Note that the 60 MeV calcu
lation is in fair agreement with the data, while 
the 70 MeV data seem to show the beginnings of 
the problems encountered at 80 MeV. We have 
been unable to reproduce this energy dependence 
(the change from m = 1 to m = 0 dominance) with fl . . . 
a normal DWBA treatment. A similar situation c m 

has been reported for the reaction 4 0 C a ( 1 3 C , 1 4 N ) 3 9 K ( 2 . 5 3 MeV, l / 2 + ) . 2) A strong 
and very energy dependent spin-orbit optical potential could probably produce 
improved fits, but the use of such a potential is not well founded. The onset of 
molecular orbital effects might produce such behavior 3 ) , and these data are expected 
to prove to be a useful set for the investigation of this subject. This approach is 
further indicated since the data for the population of the l d 3 / 2 state at 12.7 MeV 
(with one less radial node in the final-state wavefunction) are well reproduced by 
the DWBA at all three energies studied. 

* Work supported in part by D. O. E. Contract No. DE-ACO2-76ERO3074 
1) J . F . Petersen, S.J. Willett and R.J. Ascuitto, Bull. Am. Phys. Soc. 23 (1978) 

614 
2) P .D. Bond, M.J. LeVine, D.J. Pisano, C.E. Thorn and L.L. Lee, Jr . , 

PhyB. Rev. C19 (1979) 2160 
3) E.A. Seglie and R.J. Ascuitto, Phys. Rev. Lett. 39 (1977) 688 
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FUSION OF 28si + 2 8 s i * 

S. B. DiCenzo, J. F. Petersen, and R. R. Berts* 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

The fusion of 2 8 S i + 2 8 S i has been measured over a range of bombarding 
energies from E L A B = 80 to 140 MeV. The gross features of the fusion cross-sec
tions are in accord with expectations based on systematics, showing the tendency for 
the cross-section to saturate at the higher energies as shown in Figure 1. The values 
of the cross-sections are well reproduced by entrance channel model calculations1) 
(solid line) and are in fair accord with the results of TDHF calculations 2) (crosses). 
More detailed studies of the energy dependence of the fusion cross-section, made 
using both charged particle and v-ray techniques, show some evidence for the 
existence of structure similar to that observed in higher systems such as 1 2 C + 1 2 C 
and 16o + 1 6 0 . The results of the y-ray work are shown in Figure 2; the yields of 
5 0 C r and 4 7 V showing structure while those of other residual nuclei do not. A 
correlation analysis of yrast cascade v-rays in 5 0 C r shows, however, that there is 
a 10% probability that the observed structure arises as a result of statistical 
fluctuations in the data. A more detailed experiment is therefore required before 
a definitive statement regarding the nature of this structure can be made. 

* Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
t Present address: Chemistry Division, Argonne National Laboratory, 9700 South 

Cass Avenue, Argonne, Illinois 60439 
1) D. Glas and V. Mosel, Nucl. Phys. A237 (1?)75) 429 
2) P. Bonche et a l . , Phys. Rev. C20 (1979) 641 
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PRE-FUSION EMISSION AS THE POSSIBLE 
REACTION MECHANISM IN THE 1 2 C + 1 2 C SYSTEM 

L. Zybert and A. Budzanowski 
Institute of Nuclear Physics, Cracow, Poland 

and 
R. Zybert 

Insi tute of Physics 
JagielIonian University, Cracow, Poland 

Recently, angular d is t r ibut ions for the 1 2 C( 1 2 C,p ) 2 3 Na reaction have 
been measured!) for three energies near 30 MeV ( lab ) , where no pronounced 
structure has been observed in excitation functions. 

Several of the observed 70 states of the 2 3 Na nucleus exhibi t unexpected 
patterns in angular d is t r ibut ions. Two examples may be seen in Fig. 1 fo r 
states at 5.533 MeV and 2.982 MeV. The sol id l ines show the Hauser-Feshbach 
model results multipl ied by a 
factor of 0.7 obtained by the 
normalization to the angle-
integrated cross sections for 
known states. 

Possible explanation of 
the observed features could be 
obtained i f one assumes the 
emission of protons from the 
deformed 12C +' 2C system 
followed by fusion of the 
remaining nucleons. According 
to the two-center shell model 
r esu l t 2 ) the single par t ic le 
levels of such a system are 
strongly disturbed by the 
1 2 C + ' 2 C interact ion. Due to 
the Pauli pr inc ip le, at the 
close distance of two ions one 
can expect to excite a nucleon to neighboring, d is to r ted , single par t ic le 
l eve l . I f the proton is emitted from one of such levels i t s angular d i s t r i 
bution has to be influenced by the level 's character ist ics. In a case when 
a proton escapes from a d^/2 she l l , the 1=2 wave should dominate the shape of 
angular distr ibutions for low sp in , positive par i ty residual states. Such a 
behavior is observed for the 2.892, 3/2+ state as well as for the 2.391, l / 2 + 

s ta te , and for the 8.815 MeV state which can be ident i f ied with known 
8.822, l / 2 + s t a t e . 3 ' 

In case of the 3/2 + level some 1=4 yie ld is observed, as expected. For 
higher spins the structure of angular distr ibut ions may be disturbed by the 
influence of other part ia l waves as well as by the emission from other she l ls . 

The analysis is s t i l l i n progress but the proposed reaction mechanism, i f 
confirmed, may influence the interpretat ion of other reactions in which the 
pre-fusion nucleons could be emitted. 

Fig. 1. Examples of angular distr ibut ions 
from 1 2 C( 1 2 C,p) 2 3 Na reaction at E 1 a h = 
30 MeV. 

1) L.Zybert, R.Zybert, J.F.Sharpey-Schafer, P.J.Nolan, and D.Sinclair, 
to be published. 

2) H.Chandra and U.Mosel, i n Nuclear Molecular Phenomena, edited bv 
N.Cindro, (North-Holland, 1978), p.386. 

3) P.M.Endt and C.van der Leun, Nucl. Phys. A310 (1978) 1 . 
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PROMPTLY EMITTED LIGHT PARTICLES IN 0 INDUCED REACTIONS AT E/A : 2 0 MeV 

t 1+ t 
T.C. Awes, B.B. Back, H. Breuer, C.K. Gelbke, B. Glago la , 

G. Poggi, and V.E. Viola, J r . , tt 
Cyclotron Laboratory, Michigan State University, E. Lansing,MI 48824 

The production of promptly emitted l ight part ic les (p,d,tj(X) has been 
investigated over a large range of laboratory angles for 1 6 0 induced reactions 
on Au and U targets at 315 MeV beam energy. By simultaneously measuring 
the folding angle B ĝ between two coincident f i s s ion fragments i t is possible 
to discriminate "peripheral" and "central" c o l l i s i o n s in terms of the momentum 
transfer to the target residue prior to fission ) . Our main experimental 
f indings are: 1) Energetic l ight particles are predominantly produced in 
"central" col l i s ions where the major part of the beam momentum is absorbed 
by the target residue. "Peripheral" col l i s ions contribute only at forward 
angles . This fact is i l lustrated in Fig. 1 which shows the 9 A B distributions 
that are observed for the emission of protons at various laboratory angles. 
(The maxima at Ô g - J-5 0 a r e associated with "central" co l l i s ions ) . 2) 
Over a large range of angles and energies, the emission of energetic protons 
i s consistent with thermal and nearly isotropic emission from a rest frame 
that moves with approximately half the beam ve loc i ty , see Fig. 2. (The curves 
in Fig. 2 correspond to Maxwellian distributions of temperatures T=7.8 MeV 
and veloci ty v=0.08c.) 3) The ratios of p:d:t:a cross sections increase 
strongly with increasing emission angle in the laboratory. The data wi l l 
be discussed in terms of various models, including precompound, hot spot, 
f i reba l l and coalescence models. 

'[Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
^ D e p t s . of Phys. and Chem., Dniv. of Maryland, College Park, MD 20742. 

1. T.C. Awes, et a l . , Phys. Lett. 87B (1979) 43. 
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THE ELASTIC SCATTERING OF 1 3 C + 1 3 c t 

S.K. Korotky, h.A. Erb, S.J. Willett, and D.A. Bromley 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

The elastic scattering of 1 3 C + * 3 C is of interest not only because of its 
connection to the search for single-particle molecular orbital phenomena in the 13c + 
13c -» 1 2 C + 1 4 C reaction, *) but also because of the insight it provides concerning the 
excitation function gross structures observed in neighboring systems and the occur
rences of collective molecular configurations in the 1 2 C + 1 2 C system. 

We have measured 1 3 C + 1 3 C elastic scattering 
differential cross sections for 8, ' c m . = 50°, 60°, 70°, 80» 
and 90° at 1 MeV energy increments (lab) over the range •« 
E Beam = 1 4 - ° t o 7 2 - ° M e V - Background due to 1 2 C + 
13c elastic scattering was eliminated by using a kine
matic coincidence technique to identify events correspond
ing to the 1 3 C + 1 3 C -» 1 3 C + 1 3 C reaction. The measured 
excitation functions show gross structure oscillations 
very similar to those observed in ^ 2 C + 1 2 C (energy aver
aged), 1 4 N + 14N, and l e O + l e O elastic scattering. This . 
behavior is obviously not an elastic exchange phenomenon ; 

and we have found that a shallow surface-transparent op- ' 
tical potential (V 0 = 16.0, r 0 r = 1 . 3 5 , a r = 0 .45;W 0 = 
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reproduce the important features of the experimental 
data. Studies of the elastic S-matrix elements indicate, 
however, that this potential is consistent with strong 
absorption within the barrier. 

The characteristics of strong absorption wlthii 
the barrier and surface transparency are ideal condi 
for orbiting. In fact, we have found that the barrier . 
formalism 2) when applied to our * 3 C + 1 3 C optical j . s ° '"•• « « "» » 
tial describes the major features of the elastic data '"" '"" 
barrier top model calculations were carried out using . ^olytic expression: r)L = 
1^1= ( l + E ^ e r ^ w i t h e f E . L ) = (L- I ^ f E M / r t L ) . for the magnitude of the elas
tic S- matrix elements. The values of L o r D ( E ) and F(L) were determined for our 1 3 C + 
1 3 C potential using the barrier top prescription and were parametrized as lorb(E) = 
/ (E-E 0 ) /E L ' - I and T(L) = r 0 + r L / ( L + l ) . A slowly and smoothly varying real 
nuclear phase, 6 L , was included using the parametrization 5T = 4T)L(1 - 1L>[6O + 

ST L(L+1) ] . The excitation functions calculated with the listed values for the barrier 
top parameters are compared to the data on the figure. The agreement with the ex
perimentally observed gross structure oscillations is quite good and we conclude that 
the oscillations are related to the geometrical properties of the colliding nuclei. 

t Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
1) S. K. Korotky et al . , contribution to this conference 
2) W.A. Friedman and C.J. Goebel, Ann. Phys. 104 (1977) 145 
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SPIN ALIGNMENT IN 1 2 C + 1 2 C INELASTIC SCATTERING* 

S.J. Willett, K.A. Erb, S.K. Korotky, R. L. Phillips and D.A. Bromley 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

Both resonant and non- resonant reaction mechanisms have been proposed in 
attempts to explain the narrow, intermediate, and broad structures observed in the 
12c + * 2 C system. For example, Phillips et at. Mhave found that structures a few 
MeV wide observed in the differential and total cross sections of (0 + , 2"1") inelastic 
scattering are consistent with a non-resonant diffraction model. A consequence of 
that model is a strong alignment of the intrinsic spin of the excited residual nucleus 
at energies corresponding to broad maxima in the cross section. In order to provide 
new experimental information useful to judge this and other theories, we have mea
sured the degree of alignment in the ieaction 1 2 C ( 1 2 C , 1 2 C ) 1 2 C * ( Y 4 _ 4 4 ) 1 2 C . 

The alignments were deduced from 
co-planar particle-gamma angular correla
tions. Choosing the quantization axis per
pendicular to the reaction plane, only m = 
0, ±2 are allowed. Spin alignment A is then 
defined as A =P(+2) + P(-2), where P(m) is 
the probability of populating magnetic sub-
state m. Angular correlations were mea
sured for 18 particle angles a and 21 ener
gies E. The deduced alignment A(E, a) is 
found to be only weakly dependent on a for 
most energies, so we average A(E, a) and 
present it as the shaded region in the figare. 
The width of the shading indicates ± 1 stan
dard deviation from the angle-averaged A(E); 
thus, for a given energy the alignments for 
roughly two-thirds of the measured particle 
angles fall within the shaded band. The 
dashed line is the prediction of the diffrac
tion model over the same angular region. 
Also included for reference is the angle-
integrated cross section o(E); lines are drawn to guide the eye. Note that the diffrac
tion model correctly indicates the envelope of A(E), but that A(E) has richer struc
ture — e .g . , maxima at E c m = 16.9, 18.0, 19.4, and 27.5 MeV — that is also re
flected in o(E), but cannot be accounted for in the simple diffraction picture. 

We are currently pursuing a more detailed comparison of the diffraction model 
to the data, as well as calculating the predictions of the band-crossing model 2 ) and 
other theories. 

* Work supported by D.O. E. Contract No. DE-ACO2-76ERO3074 
1) R. L. Phillips, et al„ Phys. Rev. Lett. 42 (1979) 566 
2) Y. Kondo, et al., Phys. Rev. C19 (1979) 1356 
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UPGRADED SMALL-ANGLE PION SPECTROMETER STUDIES AT BEVALAC 
J.P. Sullivan,A H. Bowman,A W. Benenson,B G.M. Crawley,6 

J.A. NOlen,B E. Kashy,B K.M. Crowe,A J. Peter,c J. Quebert,0 

J.O. Rasmussen,A J.A. Bistirlich,A W. Zajc,A J. Miller, 
O. Hashimoto,F M. Koike,F T.E. Ward,G C.J. Martoff,A 

T.F. Buttke,A R. Bossingham,A and K.A. FrankelA 

Following measuremenL of the dramatic TI~/TI+ ratio en
hancement at beam velocity by our three-slit focal plane spec
trometer, 1 we extensively upgraded the spectrometer for contin
uous energy and angle measurement. The new spectrometer features 
a 3-plane multiwire proportional chamber (MWPC) in the focal 
plane with an identical MWPC behind that, followed by a large 
11-element scintillator range telescope. 

Runs with the spectrometer covering from 0° to 15° lab 
2 0Ne and 4 0Ar at energies from 285 MeV/n to 550 MeV/n were 
made. Later runs ranging in angle to 30° lab were made with 
the above beams at energies from 400 Mev/n to 1050 MeV/n. 

The TT" peak was shown to track just slightly below beam 
velocity over the energy range where it could be measured. The 
ii- peak falls to less than half value at 3.5° in the lab sys
tem for 550 Mev/n 40Ar+ 1 2C and is nearly symmetric in fj| 
about the peak. With heavier targets the peak becomes skewed 
toward lower momenta, with the peak becoming a shoulder with a 
uranium target. The ir+ cross section is suppressed near beam 
velocity, though the dip seems less sharp in & than the TT 
enhancement. 

Theoretical treatments of the Coulomb effects have been 
made2'3, a n a; they offer hope of deducing the time evolution of charge distributions in heavy ion collisions. The same phenome
non in the target frame has been reported and theoretically 
analyzed earlier4. 

Other interesting features of pion production and the 
role of Coulomb effects are being deduced also in our work from 
•n"/ir+ ratios of isospin symmetric collisions. 
This work was supported in part by U.S. Dept of Energy. The 
National Science Foundation and Japanese Ministry of Education. 

A. U.C. Lawrence Berkeley Laboratory, Berkeley, CA. 
B. Physics Department, Michigan State University, E. Lansing, MI 
C. Institut de Physique Nucleaire, Orsay, France 
D. I N2 P3, Universite de Bordeaux-Gradignan, France 
E. Physics Department Boston University, Boston, MA 
F. Institute for Nuclear Studies, University of Tokyo, 
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G. Indiana University Cyclotron Facility, Bloomington, IN. 
1. Benenson et al, Phys. Rev. Letts. £3_, (1979) 683 
2. Libbrecht and Koonin, Phys. Rev. Lett. Q. (1979) 1581 
3. Gyulassy and Kauffman, Lawrence Berkeley Laboratory Report 

No. LBL-10279 (to be published) 
4. Kostanashvili et ajL, Yad. Fiz. (U.S.S.R) _16, (1972) 983 

E.M. Friedlander, Phys. Lett. 2, (1962) 38 

551 



OVERVIEW OF PION PRODUCTION MECHANISMS BY HEAVY IONS 
J.O. Rasmussen, K. Frankel, O. Hashimoto*, H. Bowman, 

P. Siemens** and J. Sullivan 
University of California 

Lawrence Berkeley Laboratory 
Berkeley, California 94720 

Data on pion production by heavy ions are still sparse, 
but certain general features emerge that allow us to speculate 
on mechanisms. Production of low energy TT+ in collisions of 
two mass-20 systems at 0.8 and 0.4 Gev/n shows forward-backward 
peaking characteristic of free proton-proton collisions1'2 

while for production by mass-40 systems at 1.05 GeV/n that 
feature is suppressed^. Preliminary data at 0.25 GeV/n shows 
near isotropy for mass 20. 

These features suggest a two-component interpretation 
with (1) anisotropic component from quasi-free nucleon-nucleon 
collisions in the nuclear surfaces and (2) isotropic, 
Boltzmann-like component from multiple collisions. The 
anisotropic component (1) is prominent only for light systems 
with larger surface-to-volume ratios, and for bombarding 
energies above the free-nucleon threshold of 0.3 GeV/n. 
Component (2) shows a limiting slope4 more representative of 
fireball temperature than nucleon spectra, which are more 
sensitive to collective flow5. 

Coulomb effects are large in the enhancement of IT ~ and 
suppression of ir+ near beam (and target, or rest) velocity^. 
Coulomb effects likely shape the low-energy ir+ peak or ridge 
near 90° cm. More data are needed to assess details and to 
test hypotheses of collective blast wave influence5 and 
possible dibaryon resonance roles2. 
This work was partially supported by Division of Nuclear 
Physics of the U.S. Department of Energy under contract no. 
7405-eng-48. 
*On leave from Institute of Nuclear Studies, University of 
Tokyo, Japan. 
**Niels Bohr Institute, Copenhagen, Denmark 
1. J. Chiba et al 
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2. K. Nakai et al 
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3. K. Wolf et al_ 
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PRE-EQUILIBRIUM ct-EMISSION IN DEEP INELASTIC 1 6 0 + 4 8 T i COLLISIONS. 

J.C. Adlof f , D. Disdier, V. Rauch, G. Rudolf, F. Scheibling, A. Strazzeri ' 

Centre de Recherches Nucleaires, Strasbourg, France. 

Investigating the deep inelast ic (DI) col l is ions in the reaction 101 
MeV - 160 + *8Ti, we have measured the angular correlations of l i gh t par
t i c les (p and a) in coincidence with the strongly energy damped pro jec t i le -
l i ke ions. A 101 HeV 16n beam was used to bombard m enriched 48Ti target. 
Pro jec t i le - l ike particles were detected in a gas-AE,Si-E telescope at 8lab 
= -30°. To measure p and a angular correlations, we used a position-sensi
t ive Si-detector, combined with an ionization chamber, which spanned an i n -
plane angular range of 40°. For small forward angles, a t r i p l e Si-telescope 
counter was used. 

Data analysis was based on the search of a-emission following carbon 
DI events from the sequential reac-

1D1 rteV "0+ ' 
C - a Coinc 

e L o b ( c ) . j o -

Beam 
I 

t ion 160 +48f i -»-C+Cr+ Q2+a+C+Ti + 1D1 MeV "0+' aTi 
Q3. The sequential character of the 
process was established by checking 
that these events peak in a window of 
constant Q2 and Q3 values as a func
t ion of a-part ic le angles. We found 
mean values of -41.1 MeV and -31.7 
MeV fo r Q2 and Q3. Usualy the C-a S .1 ' 1 
coincidences were concentrated i n an - <• 
easily ident i f ied wide peak in the „ ^ tt 

C-energy vs a-energy plane. However £ 4 ^ * 
problems arise on the neqative angle .01 
side : ( i ) In the v incin i ty of the 
carbon direct ion an important y ie ld 
from the oxygen break-up par t ly hides josj- , , 1 
the DI peak and complicates the spec- -iso -120 -60 0 60 izo iso 
trum. This has been par t ia l l y over- e5 (degrees) 
come by selecting coincidences in a 
region where possible 160 excitat ions f a l l below 9.2 MeV. ( i i ) For some 
backward angles the threshold ef fect on the detected a-energies has been 
corrected by extrapolating the spectra to zero. The angles where these cor
rections are most serious appear with larger error bars in the figure which 
shows the obtained d i f ferent ia l C-a mu l t i p l i c i t i es . In the f igure the mul
t i p l i c i t i e s are evaluated in the rest frame of the recoi l ing Cr ions from 
the f i r s t reaction step, as have also been the angles e§ with the reference 
to the beam axis. 

The angular behavior and y ie ld of the a-mul t ip i i c i t ies have to be com
pared with those obtained in the nearby I60 + 58Ni system*). The main d i f 
ference i s a smaller width for the pre-equilibrium a emission (ag = ±20°). 
The enhancement in the y ie ld around 6§ = -80° may be at t r ibuted to a pos
sible shadowing effect of a-part ic les emitted in the Carbon direct ion. Data 
for protons and a-lfiQ DI events are under analysis. 

t University of Catania, I t a l y 
1. H. Ho, R. Albrecht, W. Diinnweber, G. Graw, S.G. Steadman, J.P. Wurm, 

D. Disdier, V. Rauch and F. Scheibling, Z. Phys. A283 (1977) 235 
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TWO PION CORRELATIONS IN HEAVY ION COLLISIONS 

J. Bistirlich, R. Bossingham, H. Bowman, C. Clawson, K. Crowe, J. IngersolL 
C. Martoff, J. Miller, J. Rasmussen, J. Sullivan, W. Zajc,* 

M. Koike,** and P. Truol+ 

Physics, Computer Science and Mathematics Division 
and Nuclear Science Division 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

2) Since the pioneering work of Goldhaber et^ al_ , the technique of pion 
interferometry has often been used to measure the size of the pion source 
region in elementary particle collisions. Recently Fung et al ' have 
employed this method to measure the size of the pion source in relativistic 
heavy ion collisions. We have independently examined the reaction 
1.8 Gev/A 40Ar + KCl -*• 2TT_X with greater momentum resolution than Fung et̂  al, 
in an attempt to extract further quantitative information from the two-pion 
correlation function. 

Over 6,000 pion pairs were momentum analyzed in a magnetic spectrometer 
systun. Ths two-pion correlation function was formed by dividing the pair 
distribution function by a suitable background distribution. This correlation 
function shows an enhancement at low relative momentum, in accord with 
Bose-Einstein statistics. It is necessary to make corrections for both the 
pi-pi and the pi-nucleus Coulomb interaction. These corrections are made 
in the formalism of Gyulassy and Kauffmann.3) The necessity for Coulomb 
corrections results from both our high-momentum resolution and from the 
interdependence between these corrections and extraction of source parameters. 

* 
University of California and Lawrence Berkeley Laboratory. 

**Present Address: University of Tokyo, Tokyo, Japan. 
"^Present Address: University of Zurich, Zurich, Switzerland. 

1. G. Goldhaber, S. Goldhaber, W. Lee, A. Pais, Phys. Rev. 120, (1960) 300. 
2. S. Y. Fung et al., Phys. Rev. Lett. 41, (1978) 1592. 
3. M. Gyulassy and S. K. Kauffmann, Lawrence Berkeley Laboratory Report 

LBL-10279 (1980). 
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L-DFPENDANCE IN THE 1 2 C ( 6 L i , t ) 1 5 0 EXCITATION FUNCTION 
FROM 5 TO 9 HeV/n 

L. Kraus and I. Li nek 

Centre de Recherches Nucleaires 
et Universite Louis Pasteur 

67037 Strasbourg Cedex, France 

The excitation function for the reaction C( Li , t ) 0 has been studied 
with a telescope at 10° for E6Li = 32 to 52 MeV. 

Angular distributions were measured from 6 c m = 12° to 95° at 
E6|_i = 4** MeV for the most strongly excited states in 1 50. When the logarithms 
of the differential cross sections for these states are plotted against logq 2 , 
one obtains a straight line showing a q_l* dependance which is very reminiscent 
of the resul t obtained l) from the angular distribution of the 12c(12c,9ge)15o 
reaction a t 114 MeV. 

The excitation curves for individual ^>0 levels are somewhat bell-shaped. 
The position of the maximum of a given cross section curve is characteristic 
of the i transferred, rather than being the signature of the final spin. For 
instance, for the 8, = 4 transfer, the curve for the 7/2 + level at 7.2 MeV is 
similar in form and position to the corresponding curve for the 9/2 + level 
(cf. figure). The spin information is evidently contained in the magnitude of 
the cross section, where i t is observed that the 1+1/2 s ta te is more strongly 
populated than the %- 1/2 state. 

Although Brink's 2) semi-classical model would not usually be applied in 
the present case, i t is able to reproduce the observed features provided that 
an effective interaction radius is used instead of the real nuclear radius. 
These effective radii are not arbitrary but to a good approximation have the 
form r 0 ( 2 n + l ) and thus are determined by the 
i transferred. The nuclear structure 
information enters into the normalization 
factor for each curve. 

While the energy dependance of direct 
reactions has proved to be an important tool 
in nuclear structure studies 1 ) , the present 
results obtained with 6Li ions do not agree 
completely with all the conclusions recently 
given for 20(\|e induced reactions 3 ) . Other 
Li ion-light target systems under study show 
similar results to those presented here. 

1) N. Anyas-Weiss et al . Phys.Rep. 12C 
(1974) 201. 

2) D.M. Brink, Phys.Lett. 40B(1972) 37. 
3) M.E. Ortiz et a l . , PhysTEett. 84B 

(1979) 63. 
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TIME-DEPENDENT SINGLE-PARTICLE METHOD FOR HEAVY ION COLLISIONS* 
G. Y. Vichniac 

Center for Theoretical Physics 
Laboratory for Nuclear Science and Department of Physics 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

We discuss formal and physical aspects1) of the time depen
dent single-particle method (TDSPM)2) and apply it to the colli
sion of r a O on 1 , 8Sn at E, ,=60 MeV and to the , 60+ l sO system at 
Ela.=20, 50, 80, 150, 300 and 1000 MeV. The formalism of TDSPM is derived from that of the time-
dependent Hartree-Fock (TDHF) method via the linearization of 
the Lagrangian around the ground state densities of the nucl i. 
The resulting physical picture is that of two nuclear spherical 
wells moving on real and complex trajectories. The nucleons in 
these wells can either be excited, transferred, emitted or simply 
remain in their original state. We predict the probability for 
each of the above outcomes by solving a time-dependent Schroedin-
ger equation for every nucleon involved in the process. 

An advantage of the linearized TDSPM over the more exact 
TDHF is that the exit channels are clearly defined and thus it is 
possible to make a direct comparison with experimental differen
tial cross-sections. However, TDSPM is not fully self-consistent 
and does not account for large deformations. As compared to more 
empirical models, TDSPM provides a microscopic, nor.-perturbative 
and unified description of quasi-elastic, deep-ineli.stic and 
fusion reactions. 

We calculate the ion-ion optical potentials, and find them 
to be deeper when the nuclear deformation is taken into account 
as compared to their folding value obtained in the sudden limit. 
Their real part varies slightly with energy, whereas their imagi
nary part proves to be strikingly local and energy independent. 
The calculation of deflection functions provides a classification 
of the reactions according to their central or peripheral nature 
and shows which part of the optical potential is probed during a 
reaction. Energy and angular momentum losses are found to be 
large even for fairly peripheral collisions. They occur in TDSPM 
at the final stage of the reaction. For a given incident energy, 
the ratio of radial to tangential friction coefficients turns out 
to be independent of the trajectory, but it increases rapidly 
with energy. This dependence holds also for the drift velocity 
coefficient used in the description of heavy-ion collisions as 
relaxation phenomena. 

Finally we indicate how the Lagrangian linearization tech
nique can be applied to other time-dependent mean field nuclear 
phenomena (e.g. fission). 
*This work is supported in part through funds provided by the D.S. 
DEPARTMENT OF ENERGY (DOE) under contract DE-ACO2-76ER03069. 
1. G.Y. Vichniac, Thesis, Orsay 1979; R. Schaeffer, B. SchOrmann, 

S. Shlomo and G.Y. Vichniac, in preparation. 
2. G. Bertsch and R. Schaeffer, Nucl. Phys. A277 (1977) 509. 
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COLLECTIVE EFFECTS IN ' 2C-INDUCED REACTIONS AT 86 MeV/u 

Y. Chu 1, P. Doll 1, A. Gobbi 1, K. Hildenbrand1, H. Ho 2, W. Kiihn2, H. Lohner 3, 
U. Lynen2, W. Muller2, A. Olmi 2, D. Pelte", H. Sann 1, R. Santo3, U. Winkler: 

Gesellschaft fiir Schwerionenforschung mbH, D-6100 Darmstadt, Germany 
Max-Planck-Institut fiir Kernphysik, D-6900 Heidelberg, Germany 

Physikalisches Institut, Universitat Miinster, D-4400 Minister, Germany 
''Physikaliscbes Institut, Universitat Heidelberg, D-6900 Heidelberg, Germany 

The ' 2C beam of 86 MeV/u at the CERN SC was used to irradiate different 
targets between 9Be and Z 3 8 U . Outgoing fragments of the target nucleus hea
vier than Li were investigated using a large-area position-sensitive ionisa-
tion chamber in the energy range between 0.5 and 20 MeV/u and at laboratory 
angles between 15° and 110°. In order to obtain information on the impact 
parameter, i.e. the inelasticity of an event, the forward region between 1.5° 
and 10 was covered with 27 plastic scintillators to measure possible frag
ments of the projectile. The high intensity of the I 2 C beam (>10 1 0 p/s) ren
dered it possible to use thin targets and to look for coincidences between 
heavy fragments. This was done using ten position-sensitive parallel-plate 
detectors covering a solid angle of 2ir around the target. The experimental 
setup is shown in fig. 1 (1.). 

Already the first results display strong collective effects: In the re
action 1 2 C - 2C, despite the high velocity (B = 0.4), large momenta of over 1 
GeV/c are transfered to the 1 2 C nucleus without leading to a breakup. The 
high intensity of C as compared to B or Be rules out an explanation due to 
Fermi motion. 

With heavy targets, such as Au or U, two components can be distinguished: 
(1) Heavy fragments (A > 40) which are relatively slow (M MeV/u) and re

sult from a binary fission of the target nucleus. These events are observed 
both for peripheral and central collisions; for the latter the energies are 
slightly higher and the relative angle indicates high momentum transfers from 
the projectile to the target nucleus. 

(2) Light fragme.cs (7 < A £ 40) with energies of 5-15 MeV/u which result 
preferentially from central collisions (see fig. 2 (r.)). The energies of 
these fragments are rather independent of angle but ^heir intensities are 
strongly forward-peaked. Although these fragments have high momenta, they are 
most probably produced rather cold, as can be deduced from the absence of an 
odd-even staggering and their N/Z ratio reflecting the N/Z ratio of the target 
nucleus. 

Concluding, the observation of nuclear fragments allows to measure momen
tum and energy transfer ser>j>*tely and thus to distinguish between current mo
dels. 
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CLUSTER PRODUCTION EFFECT ON THE INCLUSIVE PROTON AND NEUTRON YIELDS IN 
RELATIVISTIC NUCLEAR COLLISIONS 

A.M. Poskanzer, Ch. King, G. King, H.H. Gutbrod, W.G. Meyer, A. Sandoval, 
R. Stock, J. Gosset, Nguyen Van Sen, G.D. Westfall, and K.L. Wolf 

Lawrence Berkeley Laboratory, Berkeley, Ca., USA 
Gesellschaft flir Schwerionenforschung, Darmstadt, W. Germany 

The emission of clusters (d, t, 3He, 
"*He) in heavy ion collisions at high energy 
has been measured, along with proton inclu
sive cross sections. Reactions with heavy 
target (Ne, Ar on U) show a higher cluster 
to proton yield ratio than equal mass sys
tems like Ar+Ca, at fixed incident energy j 
per nucleon. Thermal models make the same | 
general prediction because Ar+U has more ex- ^ 
tended low temperature zones than Ar+Ca. % 
The figure for Ne+U shows that deuteron for- ~ 

a 

mation dominates all the other composite £ 
products except for the "evaporation domain". 
The single proton yield amounts to only 
about 30 % (right hand vertical scale; left 
hand scale for cluster abundance) of the 
total emitted proton charges, at forward 
angles and for E/A - 50 HeV. This may ex
plain the observation1 that single neutron 
yields far exceed single proton yields in 
Ne+U. The number of p and n bound up in clusters is about equal, thus enhan
cing dramatically the N over Z excess of U, as far as the remaining free nu-
cleons are concerned. Ne+Al or Ar+Ca should thus not show such an enhancement 
in the single n: single p ratio. 

o 
30 50 70 90 110 130 150 ISO 

"""supported by the U.S. DOE and by BriFT, W. Germany 
1 . W. Schimnerling et a l . , Phys. Rec. Lett . 43 (1979) 1985 
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DEUTERONS AND TRITONS FROM CENTRAL AND PERIPHERAL HEAVY ION HIGH ENERGY 
COLLISIONS 

2 0Ne + U ^ 3 ( h | 9 h M ) 

H.H. Gutbrod, G. King, Ch. King, W.G. Meyer, A.M. Poskanzer, A. Sandoval, 
R. Stock, J . Gosset, Nguyen Van Sen, G.D. Westfal l , and K.L. Wolf 

Lawrence Berkeley Laboratory, Berkeley, Ca., USA, 
and Gesellschaft f i i r Schwerionenforschung, Darmstadt, W. Germany 

Deuteron and t r i t on emission from re la t i v i s t i c nuclear col l is ions has 
been investigated, selecting for mostly central and mostly peripheral reac
tions by requiring a high and low associated mu l t i p l i c i t y of charged par t ic
les. Fig. 1 shows the contour l ines of constant invariant cross section in the 
plane of P ^ v s . y i a D for protons and deuterons from central Ne+U col l is ions. 
The set of deuteron lines exhibits a more pronounced asymmetry (deviation from 
approximate semi-circular shape). The cross section drops about twice as fast 
as for protons, both with increasing pj_ and y, when the same momentum per nu-
cleon is considered. 
Fig.2 shows that the 
asymmetry of the deu
teron contour lines 
corresponds to side
wards peaking and for
ward suppression in 
the angular d is t r ibu
tions for various 
bins of the laborato
ry momentum per nu-
cleon. This effect is 
more pronounced than 
for protons, with the 
structures shif ted 
forward in the Lab. 
for d and t . The pea
king cannot be repro
duced in the f i r e -
streak model. 

The coalescence model has been applied success
f u l l y to the relat ive p-d inclusive cross sections 
l>2). The present data for Ne+U at 393 MeV/A are 
reproduced reasonably well with the ansatz d 2o(d)/ 
dndEd (Ed=2Ep) = C(d 2a(p)/dndE) 2, with C=0.14±0.045. 
The mu l t i p l i c i t y cutoff, defining high mu l t i p l i c i 
ty events, was the same for protons and deuterons. 
The measured proton cross sections were employed 
to determine C. 

-<U -0.2 

This work was suppcted by U.S. 
and by BMFT, Germ. r°d. Rep. DOE 

2. 
H.H. Gutbrod et al., 
(1976) 
M.C. Lemaire et al., 

Phys. Rev.Lett. 3_7, 667 
Phys. Lett. 85B, 38 (1979) 
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PROTON EMISSION IN CENTRAL AND PERIPHERAL RELATIVISTIC NUCLEAR COLLISIONS* 

R. Stock, H.H. Gutbrod, W.G. Meyer, A.M. Poskanzer, A. Sandoval, J. Gosset, 
Ch. King, G. King, Ch. Lukner, Nguyen Van Sen, G.D. Westfall, and K.L. Wolf 

Lawrence Berkeley Laboratory, Berkeley, Ca., USA 
Gesellschaft fiir Schwerionenforschung, Darmstadt, W. Germany 

Ne+U-p (high M) 
393 MeV/A 

$ 

Ul 

_E 
LU 
a -o 
~5 

0 

10 

Proton emission was studied with beams of p, He, Ne and Ar at 0.25 to 
2.1 GeV/A on targets from Al to U. Central and peripheral reaction cross sec
tions were obtained by high and low charged particle multiplicity selection. 
In central collisions of Ne and Ar with hea- . 
vy targets, angular distributions show a 
forward emission suppression or even a side
wards enhancement from 150 to about 400 MeV/c 
proton laboratory system momenta (Fig. 1), 
whereas peripheral collision exhibit 0° pea
king at all proton momenta covered. Central 
collisions of equal size nuclei are domina
ted by fireball-type decay (Fig. 2), plus 
a remaining spectator component because the 
yield is dominated by nonzero impact para
meters even in the high multiplicity selec
tion. In addition there should always be a 
direct component, from the interpenetration 
of the dilute nuclear surfaces of Ar and Ca. 

On heavy targets, central collisions 
form a slow, nonisotropically decaying sys
tem heavier than the fireball or firestreak. 
The projectile seems to be "stopped down" in
side the target nuclear matter, up to the 
highest Bevalac energies. This is expected 
because the momentum equilibration length 
should be much smaller than the U diameter 
even at 2 GeV/A. The emission patterns ob
served in central Ne+U reactions agree qua
litatively with a recent hydrodynamical mo
del calculation1 for b s 0.4 

--300 
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max-
DOE, and by work supported by the U.S. 

BMFT, W. Germany 
1. H. Stbcker et a l . , Phys.Rev.Lett.44(1980)725 
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ENERGY DEPENDENCE OF MULTI PION PRODUCTION IN HIGH ENERGY 
NUCLEUS-NUCLEUS COLLISIONS 

R. Stock, A. Sandoval, R.E. Renfordt and H. E. Stelzer 
Gesellschaft fur Schwerionenforschung, Darmstadt, West Germany 

J.IV. Harris, J.P. Brannigan, J.V. Geaga, L..I. Rosenberg, 
and L. S. Schroeder 

Lawrence Berkeley Laboratory, Berkeley, California 94702 

and 
K.L. Wolf 

Argonne National Laboratory, Argonne, IL 60439 

There are many fundamental questions in the interaction of high energy 
heavy ions that have not had a definitive experimental answer: is a fire
ball being formed? What is the pion production mechanism? What is the 
energy flux in pions and their multiplicities? Is there a signature of the 
first, most compressed state of the interaction? Answers to some of these 
questions can be given by more exclusive measurements of the reaction pro
ducts. 

Exclusive IT- and charged-particle production in collisions of ""Ar on 
KCI are studied at incident energies from 0.4 to l.S GeV/A using the 
Berkeley Streamer Chamber.1 The correlation between the TT_ and the total 
charged particle multiplicity lies along a narrow ridge that reaches up to 
the total desintegration into singly charged fragments and pions. For 
central collisions the mean it" multiplicity increases linearly with the 
bomdarding energy with no marked discontinuities due to the A(3.3) resonance-
Thermal models overestimate the observed pion production by a factor of 2. 

Results from the momentum reconstruction for ir- are discussed in a 
separate contribution2. 

1. J.P. Brannigan et al. Proceedings of this conference. 
2. R. Stock et al, ibid. 
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This work is supported by the Hinisterium fur Forschung und Technologie and 
the Division of Nuclear Physics of the Office of High Energy and Nuclear 
Physics of the U.S. Dept. of Energy, under contract no. 740S-ENG-48 
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MARKOVIAN AND NONMARKOVIAN EFFECTS IN HEAVY-ION REACTIONS 
AT 10-200 MEV PER PARTICLE* 

E.S. Hernandez ** and G. Mantzouranis 
Nuclear Science Division 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 
The transition probability from an entrance channel i to 

an exit channel f that corresponds to a heavy ion reaction 
contains markovian and nonmarkovian contributions. The 
markovian part is independent of the ratio y between the 
duration of a nucleon-nucleon collision and the elapsed time 
between two successive interactions. The nonmarkovian part 
contains explicit y-dependence. The increase of the 
nucleon-nucleon mean-free path at about 20 MeV per nucleon of 
the projectile shifts the weight from the markovian component 
to the nonmarkovian one. This fact causes that the width of 
the mass distribution becomes independent of the incident 
energy. This result seems to be in qualitative agreement with 
existing data (1) 
•Work supported by the Division of the Nuclear Physics of the 
U.S. Dept. of Energy under contract no. 7405-eng-48. 

**On leave of absence from Departamento de Fisica Facultad de 
Ciencias Exactas y Naturales, 1428 Buenos Aires, Argentina. 

(1) D.K. Scott et al, LBL Report 7729 (1978), 
Y. P. Viyogi et al, Phys. Rev. Lett. ̂ 2, (1979) 33. 
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EXCITATION FUNCTIONS AND ANGULAR DISTRIBUTIONS OF THE 1 2 C + 1 2 C REACTION 
AT EXTREME SUB-COULOMB ENERGIES 

R. Isenbugel , H. v . B u t t l a r , W. Hoppe, D. Sprengel and N. Marquardt 
I n s t i t u t fur Exp.-Physik I I I , Ruhr-Universitat Bochum, Germany 
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The energy and angular dependence 
of the reactions 1 2C( 1 2C,a) and 
12 12 23. C( C,p) " m have been measured for 
astrophysically important energies 
frcm 2.31 - 4 .Ol M°V (cm). More than 
10 pA particle beam Jrom the Bochum 
Dynamitron tandem and selfsupporting 
wobble targets of 12 - 20 yg/cm2 

thickness surrounded by a IN cool 
trap were used. Protons and a par
ticles ware measured with two annu
lar detectors near 180° and 0°, re
spectively, and with large-area 
surface barrier detectors. 

In the upper figure differential 
cross sections for the 20Ne-g.s. and 
1.63 MeV a transitions at a mean cm 

1 angle of 19° (dots) are compared with 
angle-integrated cross sections at 
' 3.14, 3.21 and 3.29 MsV (crosses) and 
i with the total cross sections of 
' ref-1) (circles). No indication of 
"absorption under tile barrier" has 
been seen in agreement with ref. 2), 
an effect which is caused by an 
error in absolute energy of ref. 1). 
However, correlated, resonance-like 
structures have been found at 2.72, 
3.14 and 3.48 MeV. 

Angular distributions were ob
tained near the 3.14 MeV structure 
which has also been seen in the to
tal cross section 1f2). Data and 
Iegendre-polynomial fits (lower fi
gure) change drastically within 150 
keV and indicate a dominant contri
bution of the 1=4 partial wave. This 
resonance with its surprisingly 
large 1 value is the lowest in ener
gy for which a spin determination 
has been performed so far. 
1. M.G.Mazarakis, W.E.Stephens, 

Phys. Rev. 07(1973)1280. 
2. K.-U. Kettner et al., Phys. Rev. 

Lett. 38(1977)337. 
I. J.R. Patterson et al., Astrophys. 
J. 157(1969)367. 
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ft STUDY OF THE C ( Li,p) O REACTION 

D. L. Watson and M. J. Smithson 

School of Physics, University of Bradford 
Bradford BD7 1DP, O.K. 

and 
H. T. Fortune and R. Middleton 

Physics Dept, University of Pennsylvania 
Philadelphia PR 19104 U.S.A. 

The nucleus O has been investigated using the multinucleon transfer 
reaction 1 2 C (6Li,p) 1 7 0 at E = 28 MeV. Angular distributions have been 
measured for states up to an excitation energy of 12.5 MeV. Some of the 
distributions are shown in figure 1. Although they show evidence of forweurd 
peaking many do not fall off at backward angles as rapidly as might be 
expected from a single step direct reaction. The report will discuss the 
possible reaction mechanism for the C ( Ll,p) 0 reaction. 

Of special interest are four strongly excited states at E x = 8.47, 
11.81, 12.0 and 12.4 MeV, figure 2, the possible structure of these states 
will be discussed. 

Figure 1 Figure 2 
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A STATISTICAL-MODEL AND FLUCTUATION ANALYSIS OF C( Ne,a) Si 
EXCITATION FUNCTIONS AND COMPARISON WITH THE 0( O.a) S i REACTION 

Dietzsch, G. Proudfoot, A. A. 
Nuclear Physics Laboratory, 

P i l t , T. Kwieciftska 
Oxford, England 

§ W. Hoppe and N. Marquardt 
I n s t i t u t fur Exp.-Physik I I I , Ruhr- th ivers i tS t Bochum, Germany 
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Excitation functions of the C( %e,a) Si re
action have been measured at mean cm angles of 
7.5° and 172.5° (symnetric w.r.t. 90° cm) in 
the range of 2(-)Ne energies from 7.6 - 17.6 MeV 
(an), corresponding to E X( 3 2S)=26.6 - 36.6 MeV. 
To be more sensitive to deviations from pure 
compound-nucleus mechanism, data were obtained 
in steps of 110 keV (cm) with a novel technique 
using two annular detectors simultaneously. 
Whereas the C+^fe elastic scattering near 
90° (cm) is smoothly varying with energy, there 
are strong fluctuations in the energy dependen
ce of the a-particle groups leading to the 
28si g.s., 1.78 MsV 2+ state and 4.61/4.97 MeV 
4+/0+ doublet. The figure shows a comparison of 
the energy averaged data with the Statistical-
Model predictions (solid lines). 
Besides soma deviations between theory and ex
periment near E X( 3 2S)=34 MaV, there appears to 
be a fair agreement with the Statistical Model. 
The discrepancies consist in a big bump at 34 
MaV in the g.s. transition which is closely 
correlated in energy at the two statistically 
independent angles and which is correlated with 
a structure observed in the 16o+ 1 60 elastic 
scattering (with lgraz=12 *) • The observed de
crease of cross sections for the excited states 
cannot be reproduced likewise. 
A detailed fluctuation analysis, consisting of 
the calculation of autocorrelation-, angular 
correlation- and cross correlation functions, 
reveals evidence for non-statistical contribu
tions, although strong correlations have not 
been found. After correction for FRD errors an 
average coherence width of 200+70 keV has been 
extracted from tiie different autocorrelation 
functions and from a Fourier analysis of the 
excitation functions. This value has to be com
pared with <r>=76 - 100 keV (+25 keV) found 
from the 16o(^0,a)28Si reaction at the same 
compound-nucleus excitations by other authors. 
Possible explanations for these unexpected 
results will be discussed. 

Supported by the BMFT, Bonn, Germany. 
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HEAVY-ION ONE-NUCLEON TRANSFER REACTION USING THE POLARIZED INTRINSIC STATES* 
T. Izumoto 

Cyclotron Institute, Texas ASM University, College Station, Texas 77843 
Many heavy-ion reactions have been successfully interpreted in terras of 

the distorted wave Born approximation and the intrinsic wave functions des
cribing the isolated nuclei. However, the wave functions of one nucleus can 
be polarized by the field of the other nucleus during the collision. This 
effect is expected to become significant in the one-nucleon transfer reactions 
leading to weakly bound single particle states.1) Actually, the conventional 
DWBA approach failed to describe such transitions.1'^) 

We assumed an adiabatically polarized intrinsic wave function only for the 
final target <(i(r,R), which was obtained by solving the inhomogeneous 
Schroedinger equation. 

<T 
k<°> 

e) *(r,R) = -(U(r) + Q U, <r 2» * (r) (1) 

• ,.(r,R) • ( 0> 2>x<:». 

(2) 

(3) 

with <* (r) |*(r,R)> = 1. If we switched off the field U 2(r 2) of the other 
nucleus, the solution reduced to the unperturbed wave function • ' M r ) . The 
operator Q excluded the occupied states in the core nuclei and the diagonal 
component 

$ ( 0 ) ( j - ) . 
The t r a n s i t i o n amplitude for the one-nucleon t ransfe r r eac t ion was 

obtained as _ (-) . , _, i „ , . i . (0) , . (+) 
T = <Xf * f ( r ,R) | U(r) | • ± < r 2

, x i 
= -(^2/2u) < 2 V R 4 _ ) VR*f(r,R) + x£" - R » f . 
in the prior and post representations, respectively. Delic et al. 1) used 
U2^r2) instead of U(r) in Eq. (2) without justification. (This leads to 
enormously large cross section they obtained.) We also note that we can get 
an expression similar to that used by Seglie et al.3)^ if we average the addi
tional term of the optical potential over the angle R. 

We applied the present formalism to the ( 1 4N, 1 3N) reactions^'S)leading 
to the l/2 + states in l 3 C and 1 7 0 employing the prior-representation (2), 
and introduced no additional free parameters. The result of the exact finite-
range calculation is shown by the solid lines in the figure. We have obtained 
a good agreement to the 
experimental data. The 
spectroscopic factors C'S 
for the target nuclei 1 3 C 
and 1'0 was found to be 0. 
and 0.9, respectively. 
•Supported in part by the 
National Science Founda
tion. 
1. Delic et al., Phys. 

Lett. 69B (1977) 20. 
2. K.-I. Kubo et al., 

Phys. Rev. Lett. 37_ 
(1976) 222. 

3. E. A. Seglie et al., 
Phys. Rev. Lett. 42_ 
(1979) 956. 

4. R. M. DeVries et al., 
Phys. Rev. Lett. 36 
(1976) 390. 

5. T. Motobayashi et al., 
Phys. Rev. Lett. 36_ 
(1976) 390. 
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COLLECTIVE SIDEWAYS FLOW OF NUCLEAR MATTER AND BOUNCE OFF EFFECT IN RELATIVIS
T S HEAVY ION COLLISIONS 

Horst Stocker 
Gesel lschaf t f u r Schwerionenforschung (GSI) 

D-61O0 Darmstadt, W-Germany 

and 

G. Buchwald, L.P. Csernai, R.Y. Cusson, G. Graebner, J.A. Maruhn, W. Greiner 
Institut fur Theoretische Physik der O.W. Goethe Universitat 

High energy (Emg » 10 MeV/u) heavy ion collisions are investigated in a 
nuclear fluid dynamical model. We discuss the influence of the properties of 
the nuclear equation of state at high densities and strong thermal excitation 
on the reaction dynamics. 

We predict that sideways emission of matter will occur and that nuclear 
residues will obtain large transverse momenta.1 For collisions of equal nuclei 
at small impact parameters we expect four-jet-events, due to "bounce-off" frag
ments, and the explosion of the remaining, highly excited matter perpendicular 
to the scattering plane. 

For the collision of a small projectile with a heavy target the flow of 
Mach-shock-matter at a characteristic angle to the beam direction is predicted. 
At intermediate impact parameters the possibility of using the bounce-off ef
fect to study the nuclear equation of state is investigated. (See fig. 1). 

We present recent experimental data (mostly obtained in 4* counters) which 
support the prediction of high compression phenomena. These experiments were 
performed by selecting events of high multiplicity of low and intermediate 
energy fragments, which indicate nearly central collisions. He-fragments and 
also protons are observed, which, following their angular and energy spectra, 
can not be attributed to evaporative emission from a source moving along the 
reaction axis. 

We propose to search for phase tran
sitions in nuclear matter by looking for 
threshold increases in the excitation 
functions of the pion multiplicity,the 
temperature, the emission of pion brems-
strahlung, the pion multiplicity dis
tribution, the emission angle of Mach-
shock-matter, and the transverse mo
mentum tranfer in the bounce-off effect. 

Finally we discuss the formation of v.. quark matter at very high energies. In ^V 
this process rapid oscillations of the " *• 
expanding dense quark matter may lead 
to pulsed emission of matter. These 
oscillating quark blobs may explain 
the abnormally enhanced geometrical 
cross-sections observed recently in 
secondary collisions of projectile 
fragments with target nuclei. 
1. H. St'dcker, O.A. Maruhn, W. Greiner. 

Z. Physik A290 (1979) 297, A 293 
(1979) 173,~Pnys. Rev. Let t . W 
(1980) 725 — 

OSi 1. Density and temperature contours 
and veloci ty f i e l d (arrows) in the scattering plane at a la te stage of the re 
action Ne+U at 400MeV/u. (a)Central c o l l i s i o n ; (b) Intermediate impact para
meter b=6 fm. 
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ANGULAR MOMENTUM DEPENDENT LEVEL DENSITY LIMITATIONS TO FUSION* 

R. Vandenbosch and A.J . Lazzarini 

University of Washington 
Sea t t l e , Washington 98195 

Soint Laurent el a l . 

a; 60 

Recent results on the fusion cross sections for several pairs of 
reactions leading to the same compound nuclei indicate that at bombarding 
energies somewhat above the Coulomb barrier the fusion cross section may be 
determined by properties of the compound nucleus. If all 1 values up to a 
sharp cutoff l c are assumed to be responsible for the fusion cross section, 
the 1 values deduced from the experimental cross sections for different 
entrance channels leading to the same compound nucleus are the same for 
a given excitation energy. This behavior for the l 6 0 + 16o and x C + 2 0 N e 
entrance channels to the 32s compound system is illustrated in the figure. 
The horizontal barsl~3) and open 
circles^' represent l c values for 
the 16rj + l6o entrance channel, while 
the triangles^-' are for the 1 2 C +20u e 

system. A similar behavior can be 
shown for the Al compound system. 

We have previously suggested' 
that a plausible necessary condition 
for fusion to occur is that the 
compound nucleus have overlapping 
levels for all angular momenta which 
can lead to fusion. It has been shown 
that this criterion can account in a 
natural way for both the absolute 
magnitude and gross strucuure of the 
fusion excitation function for the 
1 ZC + 1 2 Q system. This same 
criterion, expressed in sharp-
cutoff form by P/Dj=l, accounts 
nicely for the lc values observed 
for forming the Z^A1 and 32s 
compound nuclei. The upper full curve 
in the figure gives the J value for 
32 S for which Dj= P, assuming the 
level density expression of Gilbert 
and Cameron'', and taking T from . 
fluctuation studies. This level density criterion6' is similar to the 
statistical yrast line concept introduced more recently by Lee et al. ) 
and is able to account for the trends in the maximum fusion cross sections 
for reactions between a number of p and sd shell nuclei. 

•This work supported in part by the U.S. Department of Energy 
1) D.G. Kovar et al., Phys. Rev C20 (1979) 1305 

Tserruya et al., Phys. Rev. C18 (1978) 1688 
Fernandez et al., Nucl Phys. A306 (197B ) 259 
Saint Laurent et al., Nucl. Phys. A327 (1979) 517 
Gomez del Campo et al., Phys. Rev. Lett. 42 (1979) 26 
Vandenbosch, Phys. Lett. 87j! (1979) 183 
Gilbert and A. G.W. Cameron, Can. J. Phys. 4J (1965) 1 W 6 
H. Lee et al, Proc. Int. Conf. on Continuum Spectra in Heavy Ion 
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LOW ENERGY FUSION OF C - 1 2 C SYSTEM 

P . - H . Heenen 

P h y s i q u e Theor ique e t M a t h e m a t i q u e - CP229- U n i v e r s i t e L i b r e de B r u x e l l e s , 
Bd. du Tr iomphe - B 1050 B r u s s e l s , Be lg ium. 

The MeV is one of the basic 12 12 
C- C reaction rate at CM energies as low as 1 

quantities needed for the study of stellar evolution . Recent experimental 
data have shown that this cross section was overestimated at energies between 
2.8 and 4. MeV. We present here a new calculation based on the adiabatic time-
dependent Hartree-Fock method (ATDHF) . This method enables one to determine 
both the collective mass and potential of a heavy-ion system. An application to 
the C- C system has shown that the ATDHF mass is very different from the 
reduced mass value when the ions are touching and present sharp peacks. Masses 
and potentials are available for two configurations of the ions: with their sy-
metry axis along (V and M ) or perpendicular to (V and M ) the collision axis. 
We have used these results to determine the reaction cross section by a straig-
thforward generalisation of the WKB method. The 0 + ground-state of C has been 
approximated by averaging the potentials and the inverse of the masses.-" 

V_+=(V +2 VJ/3 «* U a t The astrophysical S-factor ( S(E)= t>(EU*t>(2a<lj-O.HfcE.1 ) 
is presented in the figure for three cases :0 ground-state with the ATDHF mass 
(curve 1) and with the reduced mass (curve 2) , triaxial configuration with the 
ATDHF mass (curve 3). Results for the axial configuration are two orders of ma
gnitude too low. Results for the triaxial configuration overestimate S. This 
show the importance of constructing a good approximation of the C ground-state. 
In this case, results are in fair agreement with experiment, especially when the 
ATDHF mass is used. Above 4 MeV, the astroph;,sical factor is underestimated 
because the resonances have not been taken into account. Tae ATDHF mass reduces 
the cross-section by a factor 2 at low energy. It represents a blocking effect 

due to the self-consistent rear-
rengement of the orbitals when 
the ions are in contact. It is 
not surprizing that this effect 
is very important at low energi
es. The astrophysical factcr pre
dicted at 1 MeV is therefore much 
lower than the one predicted 
when a constant mass is used. 

1) C. Rolfs and H. Trautvetter 
Annual review of Nuclear Science 
vol. 28 (1978) 115 
H.W. Bekker et al., Jarhesbericht 
(1978), 54, Institut fur Kernphy-
sik, Universitat MQnster 
2) H. Placard, P.-H. Heenea and 
D. Vautherin, Nucl. Phys, in press 
3) J. Cugnon, H. Doubre and H. 
Flocard, Nucl. Phys. A33K1979) 
213 
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FUSION REACTION STUDIES OF TRANSURANIC NUCLEI 
H. Sann 1, S. Bjb'rnholm2, R. Bock 1, Y.T. Chu 3, A. Gobbi1, E. Grosse 1, 
U. Lynen1*, E. Morenzoni5, W. Muller", A. Olmi1*, D. Schwalm1, W. Wb'lfli5 

1Gesellschaft fur Schwerionenforschung, Darmstadt, W. Germany 
2Niels Bohr Institut, Copenhagen, Denmark 

3IMP, Academia Sinica, Lanchow, China (Humboldt-Fellow) 
"•Max Planck Institut fiir Kernphysik, Heidelberg, W. Germany 

5ETH Zurich, Switzerland 
Studies of the symmetric fragmentation observed for asymmetric target-

projectile systems show that the memory of the ingoing channel configuration 
is completely lost and that the angular distribution of the products is nearly 
isotropic. This indicates the presence of a capture mechanism which leads to 
interaction times considerably longer than the collision time of the deep in
elastic process. 

In order to investigate systematically the process as a function of sys
tem and bombarding energy we have bombarded targets of 2 6Mg, 2 7 A 1 , 1 , 8Ca, 5 0Ti 
and G I (Ni with 2 0 8 P b projectiles at 4.8, 5.0, 5.2, 5.9, and 6.5 MeV/u. The da
ta were collected using a position-sensitive parallel-piate ring counter. A 
monotonic evolution of the symmetric fragmentation as a function of the total 
mass of the system and projectile energy is observed. The cross section for 
the symmetric mass fragmentation has been extracted under the assumption of a 

] 
I 

Projettile "^Pb j 
Target ° , 6Mg ; 

• " A l ' 
• J C a : 

n» <"» I,- Ihl 

Fig . 1 Fig. 2 
constant do/de angular distribution and is plotted in fig. 1 as a function of 
the center of mass energy. In addition the y-multiplicity <Hy> for the symme
tric mass fragmentation was measured using a 4"x5.5" Nal-crystal. The results 
for <MY> are shown in fig. 2 as a function of the calculated grazing angular momentum of the ingoing channel. 

So far the distributions measured as a function of mass-asymmetry, angle, 
energy and average <My> display characteristics similar to the fusion-fission 
process: a symmetric mass fragmentation, an almost isotropic angular distri
bution and total kinetic energy values satisfying the Viola systentatics. The 
measured total reaction cross section is however, at high bombarding energy, 
considerably larger than the one predicted from the angular momentum limit of 
the liquid drop model. 
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RAPIDITY. DISTRIBUTIONS FOR PIONS PRODUCED IN INELASTIC NUCLEUS 
-NUCLEUS INTERACTIONS AT 4.5 GeV/c/N INCIDENT MOMENTUM 

SKM-200 Collaboration! Alma-Ata - Dubna - Tbilisi-Warsaw 
/to be presented by E.Skrzypczak, Inst, of Experimental 
Physics, University of Warsaw, Poland/ 
The pion production haB been studied in a 4W geometry by 

use of a streamer chamber-/with pure nuclear targets/ exposed 
to beams of relativistic *He nuclei from the Dubna synchrophaso
tron. The multiplicitiriS, transverse momenta and rapidities of 
negative pions obtained for Li, C, Al, Cu target nuclei and 
their correlations were studied. 

Pig. 1 shows that the dependence of rapidity distributions 
on the target mass number Am is rather strong in the target 
fragmentation and in the central regions of rapidity, while it 
is not significant in the projectile fragmentation region. 

Pig. 2 shows the dependence <y> on A_ 
a/ for"peripheral" and "central" collisions /selection based on 

the presence of projectile fragments/ 
b/ for high n>2 and lown^2 multiplicity events 
c/ for negative pions with transverse momenta p m <200 MeV/c and p m > 400 MeV/c. x 

The presented dat^ may form a basis for testing the valid
ity of various theoretical approaches to the problem of 
nucleus-nucleus interactions. 
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PRE-EQUILIBRIUM PARTICLE EMISSION IN HEAVY-ION 
REACTIONS ( ~ 1 0 M e V / U ) 

R . V . J o l o s , V.G.Kartavenko, S . I .Fedo tov 

Labora tory of T h e o r e t i c a l Phys ics 
J o i n t I n s t i t u t e f o r Nuc lea r Research 

DUBNA, USSR 

In recent years there has been a growth of interest in stu
dy of pre-equilibrium light particle emission in heavy-ion reac
tion. It is hoped that these studies will provide the informa
tion on the nature of the relaxation processes in nuclei. 

Here, we suggest the model 
for describing pre-equilibrium 
particle emission in nearly cent
ral collisions at«10 MeV/u. We 
suppose that in the initial stage 
of interaction the excitation _ 
energy and the momentum transfer- 5 
red are localized in a small vo- ^ 
lume of the composite-system. The ^ 
motion of this hot region in a •£ 
beam direction is accompanied by — 
increasing of number of nucleons B_ 
A(t) and decreasing temperature ig 
T(t) and the velocity up to for- <s 0.1 
mation the compound-system. The ~§-
momentum distribution of nucleons'^ 
in the continuum N(Q), correspon
ding to these assumptions: 

where Q is the external momentum, related with_^he_momentum P 
of the nucleon in the nucleus by the relation P =Q +P p . 
The nucleon in the continuum form the emitted aC -particles. 
Using the o£. -particle wave function, we can get the correspond
ing distribution of dL -particles 

where R.is the mean square radius of J. -particle. Using (1) and 
additional assumptions about the motion of the hot region we 
have calculated the Bpectrutn of ot -particles in the reaction 
Au + Ne (178 MeV)*). It is seen from the figure that the model 
can describe the Blope of the energy spectra and angular aniso-
tropy. 
1. E. Gierlik, A.M.Kalinin, R.Kalpakchieva et. al. Preprint 

JINR, P7-12839 (1979) 

60 E., (MeV) 
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ENERGY DISSIPATION IN HEAVY ION COLLISIONS MJJ4 TO 
NUOIEON EXCHANGES 

R.K.Choudhury.Rekha Govil,S.S.Kapoor and V.S.Ramamurthy 

Nuclear Physics Division 
Bhabha Atomic Research Centre,Trombay 

Bombay 400 085 

Nucleon transport has been proposed as one of the basic 
mechanisms leading to energy loss in re la t ive motion in heavy 
ion c o l l i s i o n s 1 ' . Analysis of fusion excitation functions for 
a large number of target-projectile systems with fr ict ional co^ 
e f f ic ients of Randrup have substantiated th i s basic mechanism^). 
However, as we show i n the figures (a) and (b), the project i le 
energy at which the fusion crosssection reaches i t s maximum va l 
ue i s sensitive to the magnitude of the frictional coefficient 
used and the experimental data seem to be in better agreement 
with a smaller value of the frictional coefficient than given 
by Randrup. In the above proximity f r i c t i on , the effect of 
Paul! blocking has been neglected, since i t was argued by Rand
rup that such an effect i s to be considered only in nucleon ex
change but not in energy transfer. However, an alternate forma
l ism of nucleon transport developed by us earlier?' requires 
that the Pauli blocking influences both the mass and energy 
transport, leaving the classical relationship, k/mD^;=1, betwe
en the mass diffusion coefficient D ^ and the frictional coef f i 
cient k, intact. We have therefore carried out fusion crossse
ction calculations with the frictional coefficient given by the 
above relationship and using the expression for D^A given by 
Randrup. These results are also shown in the figures. I t i s 
seen that the maximum fusion crosssection occures at much lower 
energy with th i s value for the frictional coefficient. These 
calculations have been carried out for l ighter target-projecti le 
systems and are being extended to heavier systems wherever fu
sion crosssection data are available over a large energy range. 

0 0.006 0.008 0.012 0.016 0 D.D2 0.04 0-06 0.08 0.1 

1. J.Randrup,Ann.Phys. 112 (1978) 356 
2. J.R.Birkelund,l.E.TubDB,J.R.Huizenga,j.N.De and D.Sperber, 

Phys.Rep. 56 (1979) 107 
3 . M.Prakash,V.S.Ramamurthy,S.K.Kataria and S.S.Kapoor, Proc. of 

the Nucl.Phys. and Solid State Symp.(DAE) 20B (1978) 75. 
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A COMPARISON OF MODELS FOR INCLUSIVE PROTON SPECTRA 
IN RELATIVISTIC NUCLEAR COLLISIONS 

Rubin H. Landau 
Department of Physics 

Oregon State University 
Con/all is, Oregon 97331 

We present the results of calculations of proton "production" in the 
forward and backward directions by beams of relativistic protons and nuclei. 
Several models, each assuming different input, are examined so that the 
relative importance of different possible reaction mechanisms in different 
kinematic regions are determined. In particular, we include elastic nucleon-
nucleon scattering, inelastic nucleon-nucleon scattering and elastic and 
inelastic nucleon-light cluster scattering. In analogy to an earlier pion 
production calculation!), we have attempted to utilize an invariant para-
metrization of the elementary subprocess, proper handling of kinematic 
effects, and a variety of forms for the nucleon momentuin distribution within 
nuclei. Specifically, exponential, gaussian and two component distributions 
are examined. 

We find that the momentum distribution which reproduces "backward 
protons" is not appropriate for the forward, quasielastic peak. In addition, 
whereas many models can be adjusted to reproduce the slopes of the data2), 
reproducing the absolute normalization is an additional stringent test. 

One of the weaknesses in these hard scattering models is the neglect of 
the many (softer) incoherent scatterings before and after the "hard" one. 
We discuss also a recent attempt^) to remove this deficiency. 
1. R. H. Landau and M. Gyulassy, Phys. Rev. 1£ (1979) 149. 
2. L. S. Schroeder, 0. V. Geaga, et al-, personal communication. 
3. M. Gyulassy, R. H. Landau and J. Randrup, to be published. 
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CROSS-SECTIONS FOR INELASTIC 4He AMD 12C-NUCLEUS COLLISIONS AT 
4.5 GeV/c/N INCIDENT MOMENTUM 

SKM-200 Collaboration: Alma-Ata - Dubna - Tbilisi - Ytersaw 
/to be presented by E. Skrzypczak, Inst, of Experimental 
Physics, University of Warsaw, Poland/ 
Inelastic interactions of Tie and C nuclei were studied 

in a 2m streamer chamber exposed to beams of relativlstic nuclei 
from the Dubna synchrophasotron. The cross-section values for 
interactions with pure nuclear targets ranging from Li to Pb 
were obtained and compared with predictions of 3ome theoretical 
models. The predictions of models, based on the recent develop
ment [4,5,6] of the Glauber approach to the multiple scattering 
theory for nucleus-nucleus collisions are in a better agreement 
with experimental data than older approaches [1,2,3] to the 
problem. 

OUR EXPERIMENT - 5 l n e l [mb] - THEORY 
4He-Li 320+15 430 2 / 

0 450 + 20 560 1 /,550 2 /,484 3 /,517 4 /,454 6 / 

Ne 615 + 40 790 2/ 
Al 720 + 30 880 2/, 7933^, 806 6 / 

Cu 1150+50 1370 2 /, 1392 3 /, 1280 6 / 

Pb 2400 +170 2580 1 /, 24702 , 2603 3 /, 2387 6 / 

1 2C-C 780 + 30 950 2 /, 879 4 /, 869 5 /\ 764 6 / 

Ne 1040 + 60 1280 2 / 

Si 1130 + 80 1430 2 /, 1229 6 / 

Cu 1700 + 90 2010 2 /\ 18066/" 
Zr 2025 +120 2320 1 / r, 2340 2 / 

1. S. Barshay et al., Phys. Rev. CVJ, /1975/360 
2. P.J. Karol, Phys. Rev. C11 /1975/ 1203 
3. V.S. Barashenkov et al., Dubna preprint, JINR P2-11453/1978/ 
4. V. Franco et al., PhyB. Rev. C18 /1978/ 349 
5. I.V. Andreev et al., Yad.Piz. 28 /1978/ 1499 
6. V.V. Uzhinsky et al., Duhna preprint,JINR P2 12079/1979/ 
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VALIDITY. TEST OP THE COHERENT TUBE MODEL (CTM) POR NUCLEUS -
NUCLEUS COLLISIONS IK GEV/NUCLEON ENERGY REGION 

SKM-Collaboration: Alma-Ata - Dubna - Tbilisi - Warsaw 
/to be presented by E. Skrzypezak, Inst, of Experimental 
Physics, University of Warsaw, Poland/ 
Negative pion production in *He ( 4.5 GeV/c/N) interactions 

with pure nuclear targets of Li, C, Al and Cu nuclei was studied 
in the 2m streamer chamber /4fl - geometry detector/. The data 
/Pig.1/ show that the pion average transverse momentum, <p T> , may be decreasing with the target mass number, A„ , and 
the "degree of centrality" of the collision as derived from the 
information on the projectile fragments in each collision. 

Pig. 2 presents the <Pm> dependence on incident momentum 
p, for nucleon-nucleon collisions [1] . Single data-point cor
responding with the results from Pig.1 and plotted at p = 4.5 
GeV/c coincide with the <p T> vs p curve for the nucleon-
nucleon im. .ractions. 

In the framework of the CTM [2] , the pion production in 
nucleus-nucleus interactions depends on the available energy Q 
in the cms of the colliding tubes. .Due to the increase.of the 
tube dimensions /e.g. "peripheral" 4He - Li,"central" *He-Cu 
interactions/ the 5 value increases and consequently the <Pm> 
value is expected to grow both with A_ and the "degree of 
centrality". The observed inconsistency of the CTM predictions 
and the experimental data reported here /more detailed analysis 
including tube fragmentation mechanism in CTM,should not remove 
this inconsistency/ tends to be a strong argument against the 
CTM approach to the description of the nucleus-nucleus inter
action mechanism. 

«He- A T 
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Pig.1 Pig. 2 
1. A. Abdivaliev et al., Preprint Dubna JINR BI-1-12181/1977/ 

A. Rossi et al., Nucl.Phys. B84/1975/269 
2. Y.Afek et al., Phys.Rev.Lett.4_J_ /1978/ 849 
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ON THE SECONDARY INTERACTIONS OF Ar FRAGMENTATION PRODUCTS 
A. Dacal 

Instituto de Fisica, UNAM, Mexico 21D.F, Mexico 
A. Sandoval, R. Stock and R. E. Renfordt 

Gesellschaft fur Schwerionenforschung, Darmstadt, West Germany 
J.W. Harris, J. Brannigan, J.V. Geaga and L.J. Rosenberg 

L.S. Schroeder and K. L. Wolf 
Lawrence Berkeley Laboratory, Berkeley, California 94702 

For a long time there have been sporadic reports in the cosmic ray 
literature about secondary fragments having two, three or more interactions 
in a nuclear emulsion stack for which there was a very low probability to 
occur. More recent studies of l*»n and ̂ Fe fragmentation at 1.8 GeV/A have 
accumulated a larger sample of such events.1 

The analysis of the data shows discrepancies between the observed inter
action probabilities and those calculated using geometrical reaction cross 
sections. The data are compatible with the existence of a very short mean 
free path component in the component in the projectile fragmentation cone. 
Unfortunately there are little experimental data on the reaction cross 
sections and isotope distributions of secondary fragments making the calcu
lations somewhat uncertain. There are some hypothesis put forward to ex
plain this effect involving the decay of an excited fragment, which is 
difficult to distinguish from an interaction in the emulsion. A second 
experimental approach to verify this effect is necessary. 

As a by-product of our streamer chamber stuides of high energy Ar 
interactions^ we have subset of data with secondary interactions. The 
trigger configuration consists of an upstream scintillator, a target and 
downstream scintillator inside the sensitive volumen. The events of most 
interest for this study are those in which the Ar interacted in the upstream 
scintillator leaving the target, gas and downstream counter for the frag
mentation products to interact. This technique has several disadvantages 
compared to the emulsion results since there is no charge identification and 
the spatial resolution is not as good as in the emulsion. Nevertheless 
there are many advantages; the events are easy to find, their topology can 
be studied and the decay vs. interaction hypothesis can be tested. If there 
is a short mean free path component, 
the use of relative thin targets _ ̂ >- /_ . 
(3mm and 1 cm) will enhance it from [ • ^ -/ 
background of normal interactions. ^--~ "~ •-
These effects arid the bombarding . •' •\-'-~~- ~" 
energy dependence are being studied _./_;_' '' \_ . — - __._: - ~ — 

for the AT projectile spectator . \ ^ """ ~~ ~? 
interactions. .'•-'-;—•*. - ~-. .' " ~ 

E. Friedlander, H. Heckman, Y. Karant, E. Ganssauge 
private communication. 
A. Sandoval et al, Proceedings of this Conference. 
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EVIDENCE FOR THE HOT-SPOT FORMATION IN HEAVY-ION FDSION-LIKE REACTIONS 

T. Nomura 

Cyclotron Laboratory, The Institute of Physical and Chemical Research, 
Wako-shi, Saitama, 351, Jafian 

In heavy-ion collisions light particles (proton, a particle etc.) are 
often emitted predominantly in the forward direction even at low incident 
energies(6-8 MeV/amu). Since their energy spectra are well reproduced by the 
statistical evaporation formula with high nuclear temperature, the above 
phenomenon has been attributed to evaporation from a locally heated composite 
(proj ectile plus target) system 1). The polarization of such protons has 
recently been measured to be non-zero and positive In the 93Nb+1'*N reaction 
at 95 MeV, where most of the protons originate from collisions leading to 
fusion2). The aim of this note is to propose a possible reason for this 
polarization on the basis of the hot-spot model. 

He first point out that if the total angular momenta of a highly excited 
nucleus are polarized, the intrinsic spin of nucleons emitted during its 
statistical decay is usually polarized in the same direction. To see this, 
consider a stretched downward transition by nucleon with kinetic energy E and 
total and orbital angular momenta j and I respectively, for which the trans
mission coefficient is denoted by IJ (E). Then the polarization P of the 
emitted nucleons is 

where f [ is the initial polarization of the parent nucleus. A B 
Since the term within the bracket in eq. (1) is always \ | / 
positive, P has the same sign as fi- The extension to a \t 
general case is straightforward and comes to the similar con- / j\ ^ 
elusion since the stretched transitions are usually favored ZJ-^^^-i" 
due to the spin dependence of the state density. The exten- pUji^la °* 
sive statistical calculation carried out for the above reac- Ĵ "t 7 3 
tion, in which level-density parameters are adjusted to (JU ^k 
simulate preequilibrium emission, yields P=(0.2-0.3)*fi. N " v ^ .̂ -V"-^ 

Let us now consider a projectile captured by a target in i I / 
a nearly peripheral collision (see a solid-line trajectory). [ I I 
While local heating occurs around the contact region, the i I 
composite system starts to rotate due to the transfer of the ' I ' 
relative angular momenta. Affected by the rotational motion, the nucleon-
emlssion from this hot spot takes place in the direction A on the average, 
which is close to the tangential direction. Such nucleons must be polarized 
in the same direction as the rotational motion. A hot spot created by a pro
jectile reaching the opposite side of the target surface (a dashed-llne traj
ectory) emits nucleons on the opposite side (B) with respect to the beam 
direction, as far as the hot-spot emission occurs quickly, e.g., within half 
a period of the rotation1). The sign of the polarization is expected to be 
positive, corresponding to negative-angle emission which is reasonable because 
the initial kinetic energy is well relaxed within the hot spot as indicated 
from the observed energy spectra1). It is clear that there will be no polari
zation if the whole surface of the composite system is heated and contributes 
to nucleon evaporation equally. The measured non-zero polarization is thus 
considered to be clear evidence for the hot-spot formation. 

1. T. Nomura et al., Phys. Rev. Lett. 40 (1978) 694; 
H. Utsunomlya et al., Nucl. Phys. A334 (1980) 127 

2. T. Sugltate et al., a contribution in this conference 
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STRANGE PARTICLE PRODUCTION IN CENTl AL COLLISIONS OF Ar ON KC1 AT 
1.8 Ge'/A 

A. Sandoval and R. Stock 
Gesellschaft fur Schwerionenforschung. Darmstadt, West Germany 

J.W. Harris, J.P. Brannigan, J.V. Geaga and L.S. Schroeder 
Lawrence Berkeley Laboratory, Berkeley, California 94702 

The strange particle production is a unique probe in the study of high 
energy nucleus-nucleus interactions. The high production threshold due to 
associated production (A+K) and (£+K) leads at Bevalac energies to their 
production most probably only in the first stage of the collision, before 
a large energy degradation has set in. In contrast to pions and isobars, 
they cannot be reabsorbed, due to strangenes conservation, making them a 
more primordial probe. Their production in free NN interactions involves 
the strange quark-antiquark production from the vacuum. It is conceivable 
that this vertex is modified in a high density high temperature nuclear 
medium, making it very interesting to compare their production cross sections 
in different systems. 

In our streamer chamber study of central collisions1 we should see the 
strange particle production at the higher bombarding energies. The charged 
kaons and sigmas, although detected, can not at present be identified from 
protons and pions. The neutral K°s and As can be readily identified if they 
decay by charged particles. (K°->ir,-'iT- with 68%, A-+pir~with 64% probability). 
Most of the identified neutral strange particle decays correspond to the 
invariant mass of a A . An independent particle model predicts a forward-
backward c m . A distribution but an almost isotropic kaon distribution. 
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1. A. Sandoval et al, Proceedings of this Conference. 
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EVIDENCE FOR NON THERMAL PION PRODUCTION IN THE CENTRAL 
INTERACTIONS OF Ar ON KC1 AT 1.8 GeV/A 

R. Stock and A. Sandoval 
Gesellschaft fur Schwerionenforschung, Darmstadt, West Germany 
J.W. Harris, J.P. Brannigan, J.V. Geaga, and L.S. Schroeder 
Lawrence Berkeley Laboratory, Berkeley, California 94702 

and 
K.L. Wolf 

Argonne National Laboratory, Argonne, IL 60439 

In the participant-spectator model the pions, among all the reaction 
products, have an unambiguous origin, namely the participants. The reaction 
dynamics is sensitive to the number and energies of the produced pions, 
which can significantly reduce the total aviable energy. It is necessary 
for models that predict single particle inclusive nucleon spectra to describe 
the pion production correctly. In the fireball-like models the pious arise 
from thermal pion production and the decay of isobars in thermal and chemi
cal equilibrium with pions, nucleons and nuclear fragments giving an iso
tropic and thermal distribution in the center of mass for an equal projectile 
and target mass system. 

As part of our streamer chamber study of the energy dependence of 
multipion production we have measured and reconstructed the TT-'S produced 
in the central interactions of Ar on KC1 at 1.8 GeV/A. 

Preliminary results show a non thermal distribution, with forward-back
ward peaking in the cm., reminiscent of the A(3,3) decay pattern. The total 
cm. energy flux in ir" shows a linear relationship with the ir'inultiplicity 
with a slope of 300 MeV/n". 

-\ -.5 

T* 
O -5 
Cm. (G tV/c) 

1. A. Sandoval et al Proceedings of the International Conference on 
Nuclear Physics, Berkeley 1980. 
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MASSIVE TRANSFER: A MECHANISM FOR EMISSION OF NON-EQUILIBRIUM PARTICLES IN 
HEAVY-ION REACTIONS'1' 

T. T. Sugihara, T. Inamura, A. C. Kahler, H. Yamada, D. R. Zolnowski, 
S. E. Cala, A. Filo, and J. M. Pierce 

Cyclotron Institute 
Texas ASM University 

College Station, Texas 77843 

Inclusive spectra of charged particles such as protons and alphas that 
are emitted in reactions induced by heavy ions exhibit energies far exceeding 
those expected from evaporation and angular distributions peaked in the for
ward direction. Recently experimental studies of particle-gamma coincidence 
spectra have been made ) for a variety of projectile-target combinations in 
which the discrete gamma rays could be associated with specific transitions 
in a particular residual nucleus. Thus not only could the exit channel be 
uniquely identified for a particle of a particular energy and emission angle 
but also the angular momentum transfer could be inferred from the Y-ray 
spectrum. 

Experimental data have been obtained for targets in the mass range 100-
180, for projectiles ®Li through ^^Ne, and for bombarding energies ranging 
from 6 to 13 MeV/u. Particles observed include p, d, t, and a. Intensity 
patterns of t rays in coincidence with particles of energy well abcve their 
Coulomb energy show little sidefeeding for lower spin states. This indicates 
localized entry into states of higher spins in the deexcitation process. 
The average multiplicity of Y rays in coincidence with fast particles and 
with discrete Y-ray transitions^) is consistent with the view that the 
initial interaction occurred at an impact parameter corresponding to the 
critical value for fusion. 

Angular distributions of the fast particles in coincidence with Y rays 
are bell shaped, the maximum occurring at small forward angles*). This 
property is characteristic of transfer processes observed in heavy-ion 
reactions. In the case of a particles, the energy spectrum for the most 
probable exit channel is peaked at the beam velocity. 

These experimental results are consistent with a mechanism in which the 
projectile is broken up into a light particle (p, d, t, a, etc.) and a 
massive residue. The massive fragment is then transferred to the target 
nucleus over a narrow range of impact parameters corresponding to the critical 
radius for fusion of fragment and target nucleus. Subsequently a 
(fragment,xn) process occurs and the deexcitation Y rays are observed. The 
light particle is scattered in the forward direction. In view of this 
mechanism, "massive transfer" appears to be an apt description of this 
reaction. 

TThis work was supported in part by the U.S. Department of Energy and The 
Robert A. Welch Foundation. 
1. T. T. Sugihara, D. R. Zolnowski, A. C. Kahler, and H. Varaada, Proc. Symp. 

on High-Spin Phenomena in Nuclei, Argonne National Laboratory Report 
ANL/PHY-79-4 (1979) p. 311. 

2. A. C. Kahler, T. Inamura, D. R. Zolnowski, and T. T. Sugihara, to be 
published; T. Inamura, T. Kojima, T. Nomura, T. Sugitate, and H. 
Otsunomiya, Phys. Lett. 84B (1979) 71. 
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PARTICLE EXCHANGE IN 1 60- 1 60 ELASTIC SCATTERING 
R.A. Baldock, R.F. Barrett and B.A. Robson 

Research School of Physical Sciences 
, Australian National University, Canberra, A.C.T. 2600 
Department of Physics, University of Western Australia, Nedlands W.A. 6009 

The phase shifts for 1 60- 1 60 elastic scattering have been 
calculated using the technique1) involving the generator-
coordinate and natural boundary condition methods for composite 
particle scattering. The effect on the phase shifts of 
approximations with respect to the number of nucleons exchanged 
between the two clusters has been studied. 

In the calculations, a two-body Volkov force 2 was used and 
for simplicity all Coulomb interactions were neglected. For 
convenience the 1 60 ground state was taken to be the closed shell 
(ls)'*(lp)12 configuration and the nucleon states were assumed to 
be harmonic oscillator orbitals which allows the centre-of-mass 
motion to be separated out. 

In particular, the terms arising from one-, two- and multi-
nucleon exchange have been identified in a consistent manner by 
including exchange terms up to a given number (NEX) of nucleons 
in both state vectors of the matrix elements. As a result, the 
various exchange approximations (NEX=0, 1,2 ,8) modify the 
calculated phase shifts in a 
monotonic manner contrary to the 
results of ref. 2). It should be 
noted that NEX=1 implies that up 
to one-particle exchange and up 
to one-hole (15-particle) 
exchange terms are included so 
that the case NEX=8 corresponds 
to a fully antisymmetrized 
calculation. 

The figure shows a typical 
set of results for the L=12 
partial wave. It is seen that 
as NEX increases, the phases are 
modified in a monotonic and 
approximately linear manner. 
Thus, in this case, all the 
exchange contributions are 
equally important. It should be 
noted that in the figure, the 
phase shifts have been separated 
by SJTT for clarity. 

E C M(MeV) 
1. R.A. Baldock, R.F. Barrett and B.A. Robson, Nucl.Phys. A321 (1979) 171 
2. M. LeMere, D.J. Stubeda, H. Horiuchi and Y.C. Tang, Nucl.Phys. A320 

(1979) 449 
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ENERGY SPECTRA AND PARTICLE EMISSION 

IN THE H N (10 MeV/n) + 2 7 A L SYSTEM 

C. C e r r u t i , R. Bi l lerey, A. C h e v a r i e r , M. Chevar ie r and A. Demeyer 

Institut de Phys ique Nucleai re 
43, Boulevard du 11 Novembre 1918 

69622 Vi l leurbanne Cedex 
14 27 The reac t ion N + AL a t 150 MeV incident e n e r g y i s studied. A 

m a s s and c h a r g e identification i s per fomed and allows the separa t ion of 
emi t ted i so topes up to A = 30. The exper imenta l set up inc ludes a t ime of 
flight, s t a r t and stop a r e given by channel -p la tes d e v i c e s . The obtained 
resolu t ion (on the e las t ic pic) i s l50pe*hich allows a flight path of 30 cm 
only. 

T h r e e components can be o b s e r v e d in the energy s p e c t r a of each 
i so topes . As seen in figure 1, i t i s poss ib le t o ana lyse the s p e c t r a using 
th ree g a u s s i e n - s h a p e s . This fea ture i s observed for each emi t ted isotope 
(from A = 10 to A = 20) however the l e s s excited component i s p resen t 
only for A A ^2 nucleons . 

The m e a n value and 
width (in exci ta t ion energy 
scale) for the whole range 
of i so topes a r e respec t ive ly : 

1500 

e v ( l 6 - 3 , 37^5, 85-5) 

t 
% 

M 

^ e v d o t z , 30-2 , 40-2) 
Moreover the angular d i s t r i 
butions of the t h r e e compo
nents a r e qui te different : 
from v e r y fo rward peaked 
for the m o r e quas i - e l a s t i c 
component to n e a r l y symetriccu^ 
for the m o r e damped one. 

It s e e m s that different 
in te rac t ion t i m e s a r e involved Eiab(MeV) 
in the r e a c t i o n . By coincidence m e a s u r e m e n t between f r a g m e n t s and light 
p a r t i c l e s (p, ot and n), we expect t o show a connection be tween the different 
m e c h a n i s m s and the pa r t i c l e s e m i s s i o n . 
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SCATTERING AND REACTIONS OF 1 4 C + 1 4 C 

D. Konnerth, K. G. Bernhardt, K. A. Eberhard, R. Singh, 
A. Strzalkowski*, W. Trautmann, and W. Trombik 

Sektion Physik der Universitat Mttnchen 
D-8046 Garching, FRG 

Through the development of a 1"c beam"!) at our MP tandem 
accelerator and of a 1"c target (75 ug/cm a; 80% 1"c, 20% 1 2 C ) 
by Maier et al.2) it became possible to study the interaction 
of C+ c. The particular interest for this system results 
from its similarity with the 1 6 o + 1 6 0 system and from the 
prediction J ) that it is one of the best candidates to observe 
molecular resonances. 

We have measured the elastic and inelastic scattering and 
several reactions from 1"c+1',C between 6 and 35 MeV (cm). The 
reaction products were identified through kinematical coinciden
ces between a position sensitive detector and one of 5 large-
size rectangular detectors4'. 

The experimental results show regular, strongly pronounced 
resonance - like structures with peak-to-valley ratios of partly 
more than one order-of-magnitude. The strongest channels are 
elastic and inelastic scattering and the exit channels 1 3 C + 1 5 C 
and Be* 1 0. The analysis of the data, not completed at present, 
is expected to reveal the strongest support to date for molecu
lar structures. 

The elastic scattering at 90° (s. Fig.) exhibits features 
reminiscent of 6 o + 1 6 0 scattering. Five prominent structures 
with widths of ^1.6 MeV (cm) are observed; angular distributions 
measured on resonance indicate spins of 4=10, 12, -.4, 16 and 18 
R (at 28 MeV), which fit well into a rotational band in an 
energy-vs. - 4(4+1) plot. 

*Permanent address: 
JagelIonian University, ,o -
Cracow, Poland % ' 

I 
1) G. Korschlnek and w. 

Kutschera, Nucl. Instr. 2"* 
Meth. Ui (1977) 343 

2) H. J. Maier et al., 
Annual Report, Be-
s chleuniger1abor 
Garching, (1977) 
p. 147 (unpubl.) 

3) D. Baye et al., Nucl. 
Phys. A308 (1978) 229 

4) J. G. Cramer et al., 
Nucl. Instr. Meth. 
111 (1973) 425 

20 28 
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EFFECTS OF QUANTUM DIFFRACTION IN DEEP INELASTIC HEAVY ION REACTIONS 
K. Dietrich 

Physikdepartment of the Technische UniversitMt, Munich, FRG 
Ch.Leclercq-Willain 

Physique Nucleaire Theorique, ULB-FNRS, Belgium 
In a forthcoming publication !) we treat quantum diffraction 

effetcs in the form of a correction of classical statistical 
theories. The correction is obtained by applying semi-classical 
approximations to the summation over orbital angular momenta in 
each micro-channel and by subsequently averaging over final 
channels which are not distinguished experimentally. The quantum 
correction has the form of an analytical functional of the 
average classical deflection function. We treat two types of 
quantum corrections : (i) the Fresnel diffraction due to absorp
tion into fusion channels at angular momenta £<Ai and (ii) the 
Airy-diffraction due to an interference of rays in the vicinity 
of a rainbow angle. We present results of the correction (i) for 
the system ||?Kr on 'jjjsn at 514 Me V( LAB). The classical distribu
tion function is calculated within the model of ref. 2. 

Fig.l : Cla£sical deflection Fig.2 : Angular distribution of 
functions 6(S.,AECM) for outgoing f̂ Kr for several energy 
various energy losses AE C M. losses AE^M (MeV) : dashed curves : 
Dashed curve: Average over purely classical result, full curves: 
all energy losses. Lower cut-off at Ai = 129h. 
Supported by the DFG 
1. K. Dietrich, Ch. Leclercq-Willain, preprint, ITOS.HJCL. UIB, lien. 
2. C. Ng6, H. Hofmann, Z. Physik A282 (1977) 83 
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ALPHA EMISSION WITH 10 MeV/A '*N PROJECTILES 

R. K. Bhowmik, E. C. Pollacco, J. B. A. England, 
N. E. Sanderson,* G. C. Morrison 

Department of Physics, University of Birmingham, 
Birmingham BI5 2TT, England 

Alpha-heavy ion correlations have been measured on l z C , 2 7AI and 5 6Ni 
targets with a 148 MeV I 4N beam. Heavy ejectiles (Z=3-8) were detected at 
8 H ) = 13°, the grazing angle for '"N* 5 aNi and at 8 H ) =26°. Coincident a 
particles xere detected in coplanar geometry in the range 8 a = ±70°. Singles 
energy and angular distributions and out-of-plane correlations have also been 
measured. The differential a multiplicities, obtained by dividing the coinci 
-dence by the singles deep-inelastic cross sections, are shown in Fig.I. 

For Z < 6 ejectiles from the 5 8Ni target the correlation daTa may be 
factorised') as a product of singles a and HI cross sections: 

d"a(Eu,,E ,6u,,e ) a d2a(E1J,,e.,1> . d2o(E ,8 ) HI' a' HI a Ml HI a' a 
Angle-integrated a multiplicities are estimated in the range 0.4-0.8. The 
observed correlations indicate that the a particles are emitted, at an early 
stage, prior to the formation of the deep-ineIastic fragments. 

The data from I 2 C and 2 7AI targets shows many of the same features. 
Integral a multiplicities from 1 2 C and 2 7Al are in the range 1.0-2.0 and 
0.6-1.0, respectively. Factorisation gives a reasonable description of the 
energy correlations, but the angular correlations show a systematic shift away 
from the HI direction for Z > 6 . The solid curves (Fig.I) are singles a 
angular distributions (interpolated at forward angles). Such a backward 
shift has also been found with 1 ! B on 5 8Ni, raising the question to what 
extent it is a general feature of a-H I correlation data for heavy ejectiles. 

" C l ' H . K l . l UBMeV 'AlT'N.Ml * l U8 M«V MNil'"N.HI i 1 U8 MlV 

0 Cd«gJ 

tK.V.I., Gronigen, The Netherlands. ttNew University, Msida, Malta. 
*Daresbury Laboratory, Science Research Council, Warrington, England. 
I. R. K. Bhowmik, et al . Phys. Rev. Letts 43 (1979) 619. 
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BBTEHMIKATIOB OP NUCLEAR RESPONSE TIME PROM DEEP INELASTIC COLLISION OP NUCLEI 

Arun K. Jain and N. Senna 

Nuclear Physics Divis ion, B.A.R.C., Bcmbay-400 085, India. 

The energy dissipation in deep inelast ic c o l l i s i o n of heavy ions has 
been understood sa t i s fac tor i ly in terns of nucleon exchanges between nuclei 
while i n contact during t r a n s i t 1 ' . A s the response time of a nucleus i s sna i l 
of the order of transit t i n e , the study of DIC i s expected to provide Inform
at ion about nuolear response time (7J). We calculate the energy d iss ipat ion , 
angular momentum transfer and angular distribution for the DIC of 505 t o 710 
HeV 8 6 K r with 1 3 *La in the nucleon exchange model as a function of Z . The 
average ve loc i ty of the tranafered nucleone at any point of the trajectory i s : 

Here the f i r s t term 1B the nuclean veloci ty due t o the c m . motion at nucleus 
1 ,while the second term i s the normal component of v e l o c i t y due to the spin of 
nucleus 1 . At any point on the trajectory the nucleus i n our picture does not 
remember the history of events during the previous period of time Z • for the 
potential between *im two nucle i we used an attractive Saxon WoodB form and a 
shorter range pepulsion. The position of the repulsive potential i s a l so de te 
rmined from the angular distribution of DIC data. The trajectories far various 
impact parameters, b response time73, and position of repulsive potential have 
been evaluated by num
e r i c a l solut ion of 
equation of motion. 

As seen in f ig .1 
there i s a kink in the 
def leot ion function 
(b v s . Ocm). The kink \ 
and hence the peakT'in ; 

the angular distribution 
uniquely determines the 
average'?of the nucleus 
far the desired relative 
energy. Response time 
( < 5 - 1 . 5 . 1 0 " 2 1 s e o . for 
710 HeV case) i s larger 
than the-tranait time 
( c s - I O - ^ s e c ) . t h a e 
bean found t o Increase 
with energy. As seen in 
f i g s . 2 ,3 ,4 the whole a 
angular dis tr ibut ion, 
the energy transfer and 
the angular momentum t r a 
nsfer In SIC of heavy 
ions can be understood in 
our nucleon exchange model 
using " 1 . 5 . Iti^sec and 
an inward sh i f t of the rep
u l s ive potential of 2.75 fm. 

A.K. Jain and N. Sanaa, Nuel. Pays. A309(1978) 264 

R. VandenboBch e t . a l . Phys. Rev. 017(1978) 1672. 
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A COMPOSITE ABSORPTIVE POTENTIAL FOR 1 6 0 + 2 8Si ELASTIC SCATTERING+ 

V. Shkolnik, M. A. Franey, and D. Dehnhard 

School of Physics and Astronomy 
University of Minnesota 
Minneapolis, MN 55455 

The 1 D 0 + *°Si system has attracted much attention as a test case for 
the applicability of the optical model to heavy-ion elastic scattering!). 
In the past we succeeded in accurately fitting angular distributions between 
ElabC 1 6°) = 4 5 a n c l 6 3 M e V a n d t n e 1 8 0° excitation function. A parity-
dependent and surface-transparent optical potential was used which varied 
smoothly with energy^). We have now included the complete angular distri-
bution^J at 41.23 MeV in the fitting procedure CFig. 1). We find that - To 
achieve a fit to all the data - we need a "composite" imaginary part, i. e. 
a fairly strong volume absorption (Wy) of W-S shape which is confined to 
the nuclear interior and a small surface term (Wp) of W-S derivative shape 
which increases steeply with energy. The real potential was kept the same as, 
and the shape and the magnitude of the composite potential W = Wy + Wp at 
radii R ? 7 f« were found to be similar to,those of ref. 2. As before, a 
small parity-dependent term is essential for a fit to the 180° excitation 
function. We are now investigating the connection between Wn and the cou
pling of the elastic and inelastic channels. 

Vr 20390 MeV. LHMn.Mfcfa 
Wy-« . « 0 0.830 0.4&5 

v„- 1.115 1.236 0.210 
IV 1.000 

Cr-0.0ISS.Ci-C 
tf/N-GA 

) 
(. 

20 40 tO &0 100 120 140 160 HO 

Fig. 1. a/a^ and the potential at E l a b = 41.23 MeV 

t This work was supported in part by the Nuclear Science Division of the 
U. S. Department of Energy. 

1. Proceedings of the Symposium of Heavy-Ion Elastic Scattering, Univ. of 
Rochester, N. Y., Oct. 25-26, 1977, ed. by R. M. DeVries. 

2. D. Dehnhard, V. Shkolnik, M. A. Franey, Phys. Rev. Lett. 40 (1978) 1549. 
3. C. K. Gelbke et al., Phys. Rev. Lett. 41 (1978) 1778. 
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Nuclear Surface Studies Via Coulomb-nuclear Interference* 

R. E. Neese, M. W. Guidry, C. R. Bingham, L. L. Riedinger, 
J. A. Vrba and T. L. Nichols 

Department of Physics, University of Tennessee 
Knoxville, Tennessee 37916 

and 

I. Y. Lee and N. R. Johnson 

Oak Ridge National Laboratory,** Oak Ridge, Tennessee 37830 

and 

J. 0. Rasmussen, R. Donangelo,* R. M. Diamond, 
D. L. Hillis,*- and P. A. Butleri 

Lawrence Berkeley Laboratory, University of California 
Berkeley, California 94720 

Heavy-ion collisions can be categorized as (a) those restricted to the 
asymptotic region where charge and matter distributions do not overlap and 
Coulomb interactions dominate, (b) those occuring in an intermediate region 
where surface distributions overlap somewhat causing a sensitive interplay 
between Coulomb and nuclear interactions, and (c) those resulting in signi
ficant overlap where nuclear interactions dominate. The second region is a 
rich source of information on the tail of the nuclear interaction potential. 

We have conducted an experimental and theoretical study of the effects 
of exciting deformed nuclei with heavy ions at energies near the Coulomb 
barrier. The primary tools have been particle-Y-ray spectroscopy techniques 
and a prescription which exploits radial and angular localization in such 
collisions under the framework of the classical limit S-matrix formalism to 
deduce ion-ion interaction potentials. ' 

We have found that excitation probabilities for particular spin states 
in the ground state rotational band of the target nucleus are extremely sensi
tive to radial and angular details of the nuclear surface potential. Because 
of the localization effects, the potentials deduced are less sensitive to 
particular pararaeterizations or model assumptions. Preliminary results for 
*°Ar + 1 6 0 G d are contained in Ref. 1) . 

Recently we have included the effect of an adiabatic excitation of 
giant dipole and quadrupole resonances^) in the calculation of the inter
action potentials. Also, we have made the parameterization of the potential 
less biased. This new approach will be applied to several other systems 
over a wider energy range. 

*Work supported by U. S. Department of Energy. 
"Operated by Union Carbide Corp. under U.S.D.O.E. contract W-7405-eng-26. 
tPresent address; Univ. Federal do Rio de Janeiro, Rio de Janiero, Brasil. 
jPresent address: Oak Ridge National Laboratory, Oak Ridge, TN 37830. 
iPresent address: Dept. of Physics, Univ. of Liverpool, Liverpool, England. 
1. R. E. Neese, M. W. Guidry, R. Donangelo, and J. 0. Rasmussen, Phys. 

Lett. 85B_ (1979) 201. 
2. M. W. Guidry, et al., to be published. 
3. J. 0. Rasmussen, P. Moller, M. W. Guidry, and R. E. Neese, to be 

published in Nucl. Phys. A. 
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SYSTEMATICS OF C + C FUSION-EVAPORATION SYSTEMS 
B. Heusch, C. Beck, J.P. Coffin, R.M. Freeman, A. Gallmann, 

F. Haas, F. Rami, P. Wagner and D.E. Alburger*. 
Centre de Recherches Nucleaires et Universite Louis Pasteur, 

Strasbourg, France 
The Carbon + Carbon fusion evaporation residues have been studied in 

two series of measurements using a time of flight technique including Z 
identification : ., ., 

i - The system C + C has been studied for laboratory-bombarding 
energies between 30 and 60 MeV in 5 MeV steps. Angular distributions for 
all residual nuclei have been measured. On the left hand side of the figure 
are presented the cross sections summed for each element over the correspon
ding isotopes. The 12c + " C study at Ei ab( 1 2C) = 40 MeV is included, 
corrected to the same excitation energy of the compound nucleus z 6Mg. The 
agreement with the 13c + 13c data demonstrates that, within the experimental 
errors of 5 %, the results are independent of the way in which the compound 
nucleus is formed. .„ 1 ? . .„ -. . 

ii - The systems " c + liC, " c + " c , 1 J C + 1 J C and l d C + W C have 
been studied at E ^ b = 40 HeV. This energy corresponds approximatively to 
the maxima of the fusion evaporation cross-sections for these systems. The 
corresponding data are presented on the right hand side of the figure. The 
additional neutrons strongly affect only the oecn and 2aa*i channels (Ne and 
0 isotopes, respectively). However the trends are opposite for increasing 
excitation energy and for increasing neutron number. 

E L Q b = 40 MeV 

30 40 50 
E, (MeV) 

Lab 

60 1 2 C +

1 2 C 1 3 C +

1 2 C ^ C - ^ C 1 3 C +

1 i C 
1 2 c - u c 

* Permanent address : Brookhaven National Laboratory, Upton, L.I..N.Y. 11973 
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ISOBAR PRODUCTION AND COHERENCE IN 
PERIPHERAL HEAVY-ION COLLISIONS 

P. A. Deutchman and L. W. Townsend 

Department of Physics 
University of Idaho 
Moscow, Idaho 83843 

A theoretical estimate for the total cross-section of isobar 
production in a relativistic 1 6 0 heavy-ion at 2.1 GeV/N colliding peripher
ally with a 1 2 C target nucleus which is also excited to a spin giant 
resonance is presented. A possible mechanism for the production of pions 
in the forward direction might be the formation and decay of nucleon isobars 
in the projectile. Following the approach of ref. •*-), the summed nuclear 
field of the target nucleons on a projectile nucleon is replaced by an 
average potential which is obtained by folding the spin-spin part of the 
nucleon-nucleon potential with the target density. This average potential 
is then transformed into a virtual phonon field carrying energy and 
momentum to a projectile nucleon. The frequency spectrum for the production 
of the A(3,3) isobar and spin excitation of the target is given by time-
dependent harmonic perturbation theory as 

where ¥ is the projectile state , © the target state, u the motion 
of the centers of mass in the longitudinal direction and <Y is the motion 
of the impact parameter. In the same spirit as Coulomb excitation, a 
classical straight line trajectory u 2 = 6(z-vt) is assumed in the longi
tudinal direction since the loss of energy to excite an isobar is small 
compared to the overall energy of the projectile. The nucleon-isobar 
transition potential is given by 

•*» "'** th 
where S„ is the transition spin of the p — projectile nucleon producing an 
isobar and tjt is the ordinary spin of the t̂ — target nucleon. The strength 
and range parameters in the nucleon-isobar gaussian factor v are 
adjusted to agree with the high-energy nucleon-nucleon average data used in 
ref. ) . The longitudinal and transverse separation distances between 
target and projectile nucleons are C and b. The tensor term is neglected 
for the sake of obtaining a simple order of magnitude estimate. The 
collective operator used to generate the spin-flip giant resonance is the 
total spin operator leading to an isoscalar 1+ state in 1 2 C . The total 
cross-section then contains a projectile coherence factor A|/A_ where the 
formation of a target spin giant resonance introduces the "penalty" factor 
of 1/A_ due to normalization. If an isobar spin giant resonance state is 
generated in the projectile ion in analogy to the target giant resonance, 
then the total cross-section contains a further "penalty" factor of 1/Ap. 
The rough estimates for these total cross-sections are approximately 
60mb and 4mb, which is of course considered to be an overestimate. If 
absorption of pions after the decay of the isobar were included, then these 
values would be lower. From ref. ), the cross-sections might be a factor 
of 10 smaller with inclusion of absorption. 
1. H. Feshbach and M. Zabek, Ann. Phys. 107 (1977) 110. 
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CONSERVATIVE AND DISSIPATIVE FORCES IN THE FUSION OF VERY HEAVY IONS+ 

A.D. Hoover, L.E. Tubbs, W.W. Wilcke, W.U. Schroder, J.R. Birkelund, 
D. Hilscher.+T H.J. Wollersheim, and J.R. Huizenga 

Nuclear Structure Research Laboratory 
and 

Departments of Chemistry and Physics 
University of Rochester 

Rochester, New York 14627 

I t is well known that the cross sections for f i ss ion - l i ke fragments pro
duced in heavy ion reactions on heavy targets may exceed considerably the 
fusion cross section l imi ts expected from the rotating l iquid-drop model'). 
These results suggest the existence of long-lived intermediate composite 
systems trapped with high angular momenta in the inter-nuclear potent ial . 
These trapped systems, although ult imately unstable, have interaction times 
suf f i c ien t ly long to allow considerable relaxation of even slowly equi l ibra
t ing degrees of freedom, such as the mass asymmetry. Because of the long 
interaction times, the fragments resul t ing from these trapped systems exhibit 
a l / s i n 9 c m angular distr ibut ion and have masses and k inet ic energies essen
t i a l l y consistent with a fusion-f ission reaction process. In the case of 
re lat ively asymmetric systems, these fusion-f ission products are d is t in 
guishable from fragments produced in a damped reaction where, on the average, 
the i n i t i a l fragmentation is preserved. 

Classical trajectory calculat ions, where the fusion cross section 
corresponds to a l l trajectories which are trapped behind an inter-nuclear 
potential bar r ie r , show that the fusion excitation functions for very heavy 
systems are sensitive to the conservative and dissipative forces. Therefore, 
a program has been in i t ia ted to investigate the fusion properties and exci
tation functions for very heavy systems. Measurements have been completed 
on the 1 6 5 H O + 56Fe reaction at 5°Fe beam energies up to Ei a b = 510 HeV. 
The measured angular distr ibutions of f i ss ion- l i ke fragments are consistent 
with a l / s i n e c m function. For such an angular d is t r ibut ion the intermediate 
trapped system must have a l i fet ime long enough to accomplish at least one 
complete revolut ion. Hence, the l i f e t ime for trajectories in the I window 
between the l i qu id drop l im i t and If f o r fusion-fission is of the order of 
10-20 sec. This l i fet ime is long enough for some part ic le evaporation to 
occur from the intermediate system p r io r to decay. 

The cross sections for f i ss ion- l i ke fragments exceed considerably the 
values predicted by the rotating l iquid-drop model2). In order to reproduce 
the experimental fusion-fission exci tat ion function in the trajectory 
calculations, i t is necessary to modify the sudden-interaction proximity 
potential^) at close distances. This derived effective potent ia l , when used 
in connection with the proximity dissipat ion function, also gives a good f i t 
to the experimentally deduced deflection function for the damped reaction 
products from the same reaction. 

'Work supported by the U.S. Department of Energy, 
"Permanent address: Hahn Meitner I n s t i t u t , Ber l in , West Germany. 
1. For a review of this subject see, J.R. Birkelund, L.E. Tubbs, J.R. 

Huizenga, J.N. De and D. Sperber, Physics Reports 56 (1979) 108-166. 
2. S. Cohen, F. Plasi l and W.J. Swiatecki, Ann. Phys.TNY) 82 (1974) 557. 
3. J . B l j ick i , J . Randrup, W.J. Swiatecki and C.F. Tsang, Ann. Phys. (NY) 

105 (1977) 427. 
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FRAGMENT CORRELATIONS IN RELATIVISTIC NUCLEAR COLLISIONS 

A. Baden, M. S. Freedman, H. Gutbrod, D. J. Henderson, 
V. Karadjev, S. B. Kaufman, H. Haier, V. Manko, 

J. Pete"r, W. G. Meyer, H. G. Ritter, 
E. P. Steinberg, H. Stelzer, A. I. Warwick, 

F. Weik, H. Wieman, and B. D. Wilkins 

Argonne National Laboratory, 
Gesellschaft fiir Schwerionenforschung (Darmstadt) , 

and Lawrence Berkeley Laboratory Collaboration 

The masses, kinetic energies, and angular correlation of coincident 
heavy (Ail2) fragments emitted in the reactions of 4.9-GeV protons and 
40-GeV 2 0N e with 1 9 7 A u have been measured. Masses are determined by a 
tirae-of-flight measurement, and the fragments are detected in two arrays of 
surface-barrier Si detectors. A 12-detector array is centered at 90° to the 
beam direction and covers an angular range of 15°, while a moveable 
16-detector array, covering an angular range of 25°, is on the opposite side 
of the scatter chamber. The total range of correlation angles between 
detector pairs is 140°-195" in the reaction plane and 0°-15° out of plane. 
An array of 80 plastic scintillators outside the scatter chamber gives 
information on the multiplicity of light, energetic charged particles 
emitted in each event. 

Preliminary results for both projectiles, based on a sample size of 
about 2000 events, are: (1) The sum of the observed fragment masses, 
M = M + M , varies in individual events from M^25 up to the target mass. 
There is a peak at M^175 due to fission of near-target residues and a 
nearly flat distribution below that. (2) The angular correlation of fission 
events shows a fairly sharp peak centered at a correlation angle of ^177° , 
indicating little momentum transfer from the projectile to the target. A 
broader distribution is observed for fragment pairs with 100<M<160, centered 
at T-175", while the distribution for M<100 is flat between 140° and 195°. 
(3) The mean observed multiplicity in the plastic scintillators increases 
with decreasing M for 2 0Ne projectiles and is 2-4 times larger than that 
observed for protons, which is nearly independent of M over the mass range 
25-160. 

Work performed under the auspices of the Office of Basic Energy Sciences, 
Division of Nuclear Sciences, U. S. Department of Energy, and the 
Bundesministerium fur Forschung und Technologie, West Germany. 
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INCOMPLETE'"FUSION CROSS SECTION IN 1 4 N(100) + 2 7 A 1 : 
EVIDENCE FOR A PREEQUILIBRIUM COMPONENT 

R. Bi l lerey , C. Cerruti, A. Chevarier, N. Chevarier, 
B. Cheynis and A. Demeyer 

Institut de Physique Nucleaire (etIN2P3), Universite Claude Bernard Lyon-1 
43, Bd du 11 Novembre 1918 - 69622 Villeurbanne Cedex (France) 

Experimental resu l t s have been described in another publication . 
Angular distributions (0 and qj ) and energy spectra for H and He nuclei mea
sured in coincidence with evaporation res idues have been obtained. 

A multistep Monte-Carlo simulation (evaporation + kinematics) was 
performed using a program written by J. Cole ' . Different p ieces of infor
mation to be compared with experimental data are listed below : 

a) yield distribution for the different e lements 
4 H and He part ic les multiplicities 

b) in plane distribution for particles and evaporation res idues 
+ out of plane distribution for particle emiss ion 

c) energy spectra for H and He particles as well as for the evaporation 
res idues . 

Such comparison must be very fruitful for the understanding of the equi
librium as well as the preequilibrium components in E.R. c r o s s sect ion. 

Analysis of the angular correlations between He, H and E. R. shows a 
overall agreement. In opposite when loocking to the (p distribution of He 
spectrum at forward angle in coincidence with E. R. the interpretation was 
not so good. 

A preequilibrium analysis modified for complex configuration has 
been shown to be useful to fit the data. We have here, and more effectively 
at higher incident energies , an unique situation to test the validity of the pre-
emiss ion of light part ic les from complex configuration. Such possibil i ty 
have to be taken into account in the fast dissipative mode during the col l i 
s ions of heavy ions . In the same way it has to be considered in the fusion 
c r o s s section predictions. The full analys is (table I) leads to the presence of 
1 7 - 4 % of incomplete fusion in coincidence with fast He within the E. R. 

T a b l e 1 

Evaporation Residues 830 - 80 en mb 

He in coinc. with E. R. 1030 i 300 140 J 30 

H in coinc. with E. R. 1420 - 200 < 20 

Evaporative "Direct" 

1 R. Bi l l erey et al. , Z. Physik, A 292, (1979), 293 
2 J. Cole, Rapport Interne, I . S . N . Grenoble, No 7914 
3 M. Blann, Nucl. Phys . , A 213, (1973), 570 
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INCLUSIVE NEUTRON PRODUCTION BY RELATIVISTIC HEAVY IONS ON URANIUM* 
Walter Schimmerling, John W. Kast,+ Douglas Ortendahl, + + and Gary Westfall 

Lawrence Berkeley Laboratory, Berkeley, California 94720 
and 

Richard Madey, Robert A. Cecil, Bryon D. Anderson, and Alan R. Baldwin 
Department of Physics, Kent State University, Kent, Ohio 4424Z 

We measured inclusive double-differential cross sections for neutron 
production by •* 400 MeV/A heavy ions on uranium. Neutrons were detected with 
energies between ^ 15 and i> 600 MeV. For incident neon, measurements were 
made at laboratory angles of 30°, 45°, 60°, and 90°. Data for incident 
helium and carbon ions were obtained at 0°, 10°, 30°, 45 , and 135°. These 
data were not corrected by an experimental measurement of the target-depend
ent background (shadow bar); however, the use of a different beam stop, with 
a larger aperture, was used to reduce this background to where it contributes 
an estimated systematic uncertainty of less than 20%. The results are con
sistent with an isotropic target-evaporation component at low neutron ener
gies; above i< 30 MeV, the angular distributions become forward peaked with 
increasing neutron energy. The lighter projectiles show similar features at 
low and high neutron energies, but the cross sections for incident helium are 
a factor of -v. 2 lower than those for incident neon at neutron energies be
tween •>. 50 and * .50 MeV. The data are compared to predictions of a thermal 
model. 
* 
This work was supported by the Office of Health and Environmental Research 
of the U.S. Department of Energy, and the National Aeronautic and Space 
Administration. The Kent State authors were supported in part by the U.S. 

^National Science Foundation and the U.S. Department of Energy. 
Present address: Varian Associates, 611 Hansen Way, Palo Alto, CA 94303 
Present address: Department of Radiology, University of California, San 
Francisco, California 94143 
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MUTUAL EXCITATION FOB. TWO COLIIDIUG NUCLEI 
Bikash Sinha 

Nuclear Physics Division, Bhabha Atomic Research Centre 
Bombay - 85. 

for two colliding nuclei at medium energy (10-100 HeV/A) 
the second order term has been evaluated when 1p-1h states are 
excited in each of the two nuclei. Microscopically, the phy
sical situation corresponds to two-body excitations, initiated 
by collisions between target and projectile nucleons. Assuming 
typical intermediate states of a constant energy, the second-
order term has been computed using a suitable "closure"appro-
ximationD. The two-body force has both the central and the 
tensor compound as prescribed by Bertach. et al 2). The theore
tical prediction for the imaginary potential seems to agree 
rather well with the energy dependent "shallow" phenomenologi-
cal potentials for I6 n +' I6n elastic scattering, fig.1. The 
polarization term can"be non negligible around the touching 
radius. 

An approximate proximity 
type of expression has been de
rived for the imaginary potenti
al given by 

where dfajis an universal of , 
the separation distance5e=R-Ri-R» 5 a, the range parameter s 
for the Gaussian two-body inter- * 
action V^ e~*r* . In the en
trance phase, the damping coeff
icient for deep inelastic scatt
ering between two nuclei has be
en estimated using the above 
mentioned proximity function-
interestingly enough, the two-
body proximity collision functi
on agree remarkably well with K ln , m 

the microscopic proximity function described above. 

Theory 
Energy-Deptndfnt 
Phenomenology 

1. Bikash Sinha, Proe. Workshop on Microscopic o p t i c a l Poten
t i a l s i n Hamburg, 1978, ed. H.V.Von Geramb (Springer-
Terlag 1979) p.372 

2 . G.Bertsch e t a l . Nucl. Phys. A284 (1977) 399 
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LIGHT PARTICLE HEAVY ION ANGULAR CORRELATIONS OBSERVED IN THE 
1,0Ca+'"'Ca REACTION AT 400 MeV 

J.C.Roynette, N.Frascaria, Y.Blumenfeld, J.C.Jacmart, E.Plagnol, J.P.Garron 

Ins t i tu t de Physique Nucleaire, BP n ° l , 91406 Orsay, France 

A.Gamp* and H.Fuchs 

Hahn Meitner Ins t i tu t fur Kemforschung, Berl in 

Recently, evidence was presented1) for the observation of structures at 
5 ! i excitat ion energies in the energy spectra of fragments emitted in the 

Ca+ Ca reaction. To get a deeper insight in to the excitat ion process of 
these structures, we measured l i g h t char.ged part ic les in coincidence wi th f rag 
ments from the same react ion. The experiment was performed with the 400 MeV 
"°Ca beam from the ALICE accelerator at Orsay. Heavy fragments were i den t i f i ed 
at 6iab=10° close to the grazing angle in a standard E.AE sol id state te les 
cope. Coincident l igh t charged particles -LCP- (protons, deuterons, t r i t ons 
and alphas) were detected i n the angular range of -60°<6LCP < +€0° in the two 
large area position sensi
t i ve detectors subtending 
10° in the reaction plane. 
F ig . l shows the energy 
spectrum for the Ca frag
ments measured in coinci
dence with protons detec
ted at 8i_pc=^-Il0where the 
negative sign i s used to 
indicate angles on the 
opposite side of the beam 
from the heavy ion. The 
f i r s t s t r i k ing result i s 
the selective population 
of the structures when 
observed in coincidence 
with protons. Apart from 
protons, no other l i g h t 
charged part ic le con t r i 
bution is observed in 
coincidence with the i n 
completely relaxed part 
of the spectrum. The an
gular correlation for an 
energy range of 20<|Q|s50 MeV exhibits a strong focusing at small negative an
gles. The width of the correlat ion is &8FWHM " J 3 0 ° - T n e P T O t Q n energy spectra 
exhibi ts a component with a veloci ty comparable to that of the beam. These_ 
features provide evidence for a very fast mechanism, whereas the contr ibut ion 
of l i g h t part ic le evaporation i s very small. In addi t ion, the fact that such 
a fast component is also observed in the deep ine last ic channel suggests an 
emission of protons at a very early stage in the c o l l i s i o n . 

100 2 0 0 3 0 0 
E| 0 b(MeV) 

4 0 0 

Fig. 1 . Energy spectrum of Ca fragments in co inc i 
dence wi th protons. 

*Fachbereich Physik der Freien Universit'a't Ber l in . 
l ) N.Frascaria et a l . , Z. Physik A924 (1980) 167. 
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QUARK STRUCTURE OF HADRONS AND THE INCLUSIVE SPECTRA 
IN HIGH BNJSKGT UBATZ-IOH SCAETERING 

Bikasb Sinha 
Nuclear rhysics Division, Bhabha Atomic Research Centre 

Bombay - 85 
As per contemporary wisdom, the static properties of had-rons can be conveniently described in terms of quasi-free, spatially discrete, non-relativistic constituent quarks. The inclusive spectra of pions' • '•'for nigh-energy heavy ion scattering is analysed by using a simple geometrical modex where only the non interacting constituent quarks plcJE up an antlquark from the sea to form a pion at a specified value of the universal scaling variable x. For two colliding nuclei, the probabilities that one, two or three constituent quarks of a nucleon in the projectile (say A.) interact inelastically with the target nucleus(aay A p) are calculated in terms of the integrals 

(800KWV/A) 

Bay A p / c*j.c M U ^ U I 

over the impact parameters . 

where n = 1,2,3 correspond to the number of interacting or absorbed quarks and the cross-section 05**1"* can be obtained from the normalisation condition; the quark nucleon cross-section 
0\ is assumed to be one third of the total inelastic N-N cross-section, whereas T*0») is the usual profile function. 

The inclusive cross-section u|~ for pi production is 
scaled in terms of proton nucleus data using the above mentioned probability functions. 

The forward angle high energy data was not reproduced too well in this analysis, (fig. 1) but for the backward angle, the spectra was predicted reasonably accurately. Nuclear effects such as Fermi motion, rescattexing etc, not included in this model are important for forward scattering data. The At /'dependence predicted in this model agrees with the Princeton data. Universal functional forms for the inclusive spectra in terms of A. and A, are also derived. 

6 0 0 
MOMENTUM (MtV/c) 

1. I. Tanihata et.al. Phys. Letts. 87J1 (1979) 349 
2. V. Schimmerllng, E.G. 7osburg and K. Koepe Phys. 

23. (1974) 1170 
Rev. Letts. 

598 



HIGH EXCITATION ENERGY STRUCTURES OBSERVED IN THE ASYMMETRIC 
S Y S T E M S 3 6 A r + 5 » N i A N D 3 « A r + l o l ! P b A T 1 0 M e V / A 

N. Frascaria, J.C. Roynette, Y. Blumenfeld. J.C Jacmart 
Institut de Physique Nucleaire, BP n° 1,91406 Orsay, France 

A. Gamp*. H. Fuchs, W. Von Oertzen 
Hahn Meitner Institut fur Kernforschung, Berlin, Germany 

Two interpretations were proposed for the observation of structures in the energy spectra of 
several heavy ion collisions with symmetric entrance channels') : either the excitation of collective 
modes such as giant resonances or effects resulting from statistical decay processes. The excitation 
energy dependence of these structures for different 
reactions would help to clarify the experimental 
situation. 3 0 ° 

The experiment was performed with " 
1.5 MeV overall energy resolution by bombarding E 
5 s Ni and 2 °»Pb targets with the 5 6 Ar beam from ° 
the VICKSI cyclotron of the HMI at Berlin. The 
mass identification was achieved by a time of 
flight measurement associated with E . AE telesco- *°o 
pe. Data were taken with that system at angles 
close to the grazing angle ( f l ( a D = 9° and 0 | a D = 20° 
for Ni and Pb targets respectively) and simulta- s o 

neously with a standard E.AE solide state telescope 
for a larger angular range. 

The observed spectra (see fig. 1) exhibit 
pronounced structures in the continuum region. 
These structures are only observed for the ine
lastic and the few nucleons transfer channels. 
Therefore these preliminary results indicate ° 
that structures are also observed in very asymme
tric reactions. 

Fig. 1 : Lab energy spectrum f o r " fix produced at 
(Lu = 9° in the \$ fit + | jN i reaction at 
39Z MeV. The inset represents the deep 
inelastic region of the spectrum while the 
main figure displays the quasi elastic region 
of the same spectrum . 

* Fachbereich Physik der Freien Universitat Berlin 
1) N. Frascaria et al., Z. Physik A294 (1980) 167 and references therein 
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A. DESCRIPTION OF HEAVY-ION COLLISIONS FHOM FEyNMiC) PATH 

INTEGRAL METHOD 

He Z e - j u n 

Institute of nuclear research, Shanghai, China 
Suppose, the relative and intrinsic motions are represented 

by Q(t) and<3(t) respectively, and the coupling between them is 
v'Cfl.RIJ i P is t n e conjugate momentum of Q. The intrinsic state 
Xj.c'<Jt> c a n ^ e related to the initial state ;rc9«)in the following 
form, by applying the propagator resulted from the Feynman path 
integral (FPI). 

X/C1t)=/f/'«P-|-C5C9JH[V(a.ftq)c/tJo0sw}^«.irf9. (i) 
Where 5£9)is the intrinsic action. Following ell , we cal

culate <.$>=Jt}(.it)v(ll,P,i)X(lMi}n'i-er weak coupling assumption. 
Thus, from the exchange of energy between Q(tJ and 4ft), we 
obtain the iriction coefficient: 

Where fa is the initial density matrix, Blt^ ,tj; is time 
integral, and^u, y , A and / represent the cartesian coordinates. 

Following [J] , using FPI method we o.btain Schrodinger-eq. 
in Q. Suppose T^ = Rxptt*iS') from Schrodinger-eq.we obtain two 
sqs. One of them is interpreted as the Hamilton-Jacobi eq. 
for action s=ts • Taking its derivative with respect to Q. 
the eq. of motion of Q can be written by 

The first term is the external force, the second is the 
friction force, the third and fourth are forces resulted from 
the coupling, and they depend on the intrinsic transition 
i—»•£ and i-—f respectively, the fifth results from the P 
uependence of the coupling, and so on. 

Taking p=£iL*h , from another eq. ue obtain a smoluchowski-
like eq. 

S =v$^k ? - ikM SkM +̂ AM 
The first term is the diffusion of the system Q, the second 

to the fourth are the drift resulted from the coupling, they in 
turn depend on the intrinsic transition o-*o , L—i and i-»f , 
the sixth is the drift of the energy dissipation, the last term 
results from the P dependence of the coupling. 

In this work, we show that the FPI is a very useful method 
for describing the heavy-ion collisions. 
1. H.P.Feynman et al. Quantum mechanics and path integrals 
(MeGraw Hill 1965) ch.4,6; R.P.Feynman et al. Ann.phys., 
24 11963), 118 
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NONEQUILIBRIUM NEUTRON EMISSION IN 1 2 C AND 1 3 C INDUCED FUSION REACTIONS* 
A. Gavron, J. R. Beene, R. L. Ferguson, 
F. E. Obenshain, F. Plasil and G. R. Young 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
G. A. Petitt 

Georgia State University, Atlanta, Georgia 30303 

C. F. MaGuire 
Vanderbilt University, Nashville, Tennessee 37215 
H. Jaaskelainen, K. A. Geoffroy and D. G. Sarantites 

Washington University, St. Louis, Missouri 63130 

Nonequilibrium 
ctions on '58Gd 

12 
lum neutron emission has been observed in C induced fusion 

reactions on '"aGd at 152 MeV. 1) The existence of energetic neutrons in this 
reaction coincides with the depletion of high gamma multiplicities, indicating 
the peripheral nature of this emission. The purpose of this experiment is to 
determine the effect of the neutron binding energy in the projectile on the 
number of nonequilibrium neutrons emitted. Neutron spectra obtained in coin
cidence with fusion fragments for 150-MeV 1 2 C fusion (circles) and 160-MeV 
' 3C fusion (full points) leading to the same l / u Y b compound nucleus are pre
sented in Fig. 1. Two angles of neutron detection are shown - 16° and 113°. 
There is no significant difference between the neutron spectra for the two 
projectiles. The full line is the result of a chi-square minimization fit to 
the spectra at four angles assuming 
two sources: (1) an evaporation 
(Maxwellian) spectrum moving with 
the C.N. velocity; (2) an additional 
component emitting a Maxwellian-shaped 
spectrum isotropically from a moving 
source with a temperature and velocity _ 
determined by minimizing chi-square. | 
A good fit is obtained if we assume 3! 
that, in addition to the evaporation | 
spectrum (T = 1.6 MeV), 20% of the | 
neutrons are emitted isotropically t 
from a source moving at 1.6 cm/nsec u 
(•v. 1/3 of the beam velocity) with a Q 
temperature of 4 MeV. The overall z 
good quality of the fit suggests 
neutron emission while the projectile 
is decelerating although the binding 
energy of the neutron in the 
projectile does not play any role 
at this energy. 

5 K) 15 20 25 
cm. NEUTRON ENERGY (MeV) 

*This work is supported by the Division of High Energy and Nuclear Physics, 
Office of Energy Research, U. S. Department of Energy, under contract W-

17405-eng-26, with the Union Carbide Corporation. 
L. Westerberg et al., Phys. Rev. C 18., (1978) 796. 
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HEAVY ION-ALPHA CORRELATIONS IN DEEPLY INELASTIC COLLISIONS OF 
204-MeV 1 6 0 WITH 9 3Nb* 

G. R. Young, R. L. Ferguson, A. Gavron, 
F. E. Obenshain, F. Plasil and M. P. Webb 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
C. F. riaguire 

Vanderbilt University, Nashville, Tennessee 37215 
G. A. Petitt 

Georgia State University, Atlanta, Georgia 30303 
Measurements of correlations between projectile-like fragments (PLF) and 

alphas emitted in deeply inelastic collisions (DIC) at bombarding energies of 
6-20 MeV/nucleon exhibit angular correlations that are strongly forward-peaked 
and not symmetric around the direction of either of the DIC fragments. Most 
of these correlations have been interpreted as arising from nonequilibrium 
a-emission. We have measured alpha particles coincident with PLF from DIC of 
204-MeV ' 6 0 with 9 3Nb. On the basis of earlier results, nonequilibrium *-
emission was expected to account for a large fraction of all observed alphas. 

Heavy ions were detected in gas ionization &E-E telescopes at -12° and 
-21°, and coincident alpha particles were detected in silicon surface barrier 
telescopes positioned at several angles in and out of the reaction plane. 
The results, for carbon-a coincidences at 8MJ = -21°, integrated over the 
energy of the deeply inelastic 'bump,', are presented on the left side of 
Fig. 1 in terms of a Galilean invariant multiplicity dM0/dv3d.n>.j. A strong 
clustering of strength near the beam axis is seen, with a much weaker cluster
ing near 8 = -45°, as was noted in previous works. The right side of Fig. 1 
presents results of a Monte Carlo simulation of a evaporation from excited 
•fy) and 93f)|j nuclei. Included in the simulation were (1) average n, p and <* 
energy spectra and multiplicities determined with a Monte Carlo evaporation 
code, and (2) TKE, mass and angular distributions of PLF determined from a 
singles measurement. From Fig. 1, it follows that the calculations reproduce 
the main features of the experimental spectra. This indicates that it is not 
necessary to include nonequilibrium a-emission to account for the present 
results. 
EXPERIMENTAL RESULTS 

C • CARBON FRAGMENT " ' 
R-RECO0. FRAGMENT 
B- BEAM VELOCITY 

•This work supported by the Division of High Energy and Nuclear Physics, 
Office of Energy Research, U. S. Department of Energy, for the Union Carbide 
Corporation. 
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DOUBLE -FOLDING MODEL FOR LI + LI SCATTERING1 

Edwin Norbeck 

Department of Physics and Astronomy 
The University of Iowa 
Iowa City, Iowa 522U2 

Optical-model potentials calculated from the double-folding model can 
reproduce the observed elastic scattering for a large number of systems. 
However, the potential that reproduces BLi scattering from heavier nuclei 
is only about 60jf, as deep as the folded potential. Satchler and Love 1) 
have surmised that the discrepancy is caused by the breakup sLi -» a + d. 
The work described below confirms this surmise. 

Elastic-scattering angular distributions for 6 L i + 8 L i and 7Li + 7Li 
were measured for Eh = 2.0 to 5.5 MeV. The folded potential provides a good 
fit to the data for 7Li + 7 L i for the entire energy range and for 6Li + 6 L i 
for energies low enough so that the breakup can not occur (Efc = 2.9k MeV). 
At higher energies, the real part of the potential falls off rapidly with 
energy so that by 5-5 MeV, the potential is only 36$ as deep as is predicted 
by the folding model. By using the same nucleus for both the beam and 
target, the peculiarities caused by ' Li are enhanced. The 7 L i + 7Li system 
shows that the folding model works well even at these low energies. 

The folding model predicts the real part of the potential with no 
arbitrary parameters. The depth of the potential at the center is 70 MeV 
for s L i + 6 L i and about 90 MeV for 7 L i + 7Li. The imaginary part of the 
potential was assumed to have the same shape hut was multiplied by an 
overall scale factor. The calculation of the folded potential was made 
faster and more accurate by evaluating the various integrals analytically 
rather than numerically3). 

The Li + Li potentials show discrete ambiguities. Real potentials 
both larger and smaller than the folded potentials can be found that fit 
the data. Above Ejj = 3-0 MeV, e L i + 6 L i is exceptional in that really good 
fits can not be obtained for deeper potentials although moderately good 
fits can be obtained for almost any real potential if the shape and 
magnitude of the imaginary part of the potential is suitably chosen. 

The 6 L i + 6 L i potential was tested in a DWBA calculation for the 
2 6 L i -» 3 a reaction that was previously3) found to be particularly 
sensitive to the elastic-scattering potential. The folded potential gave 
an excellent fit to available data 4) at 2.0 MeV, while other potentials 
that provided equally good fits to the elastic scattering data gave poorer 
fits to the reaction data. 

'ThiB work was supported in part by the U. S. Department of Energy. 
1. G. R. Satchler and W. G. Love, Phys. Rep. 5JL (1979) 183 
2. R. R. Carlson, private communication 
3. E. Norbeck, Proc. of the Fourth Conf. on the Scientific and Industrial 

Applications of Small Accelerators (76CH 1175-9 NPE, 1976) p. 388 
U. L. L. Gadeken and E. Norbeck, Phys. Rev. C 6 (1972) 1172 
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FISSION-LIKE PROCESSES AROUND A C N = 100 

J . P . Cof f in , 0 . B a r r e t t e * , G. Guillaume, B. Heusch, F. Rami, P. Wagner 
and H.E. Wegner* 

Centre de Recherches Nucleaires et University Louis Pasteur, 
Strasbourg, France 

Studies of fission-like fragments resulting from decay of composite 
systems with mass around 100 u are scarce. Recent measurements 1) have shown 
a strong change from asymmetry to symmetry in the mass distributions of the 
relaxed fragments from systems with 91 < Ar,N s 121. Entrance channel effects 
have also been observed 2 ) in the decay of I02pd formed in the 28si + 74Ge 
and 37ci + 65&| reactions. These results imply that the compound nucleus for
mation is questionable. We have further investigated the dependencies of 
entrance channel, excitation energy E* of the fused system, and angular 
momentum brought by the projectile for the lo°Cd composite nucleus. It was 
formed at various critical angular momenta x.cr and divers E* in the two reac
tions 19F + 89Y (Einc = 140 MeV) and 3 ZS + 76Ge (Einc = 158 and 178 MeV). 
The fragments were detected with a time of flight set-up and the results 
have been compared to those relating to the 102pd and 106cd composite 
systems z»l). 

The data present the following characteristics, in agreement with the 
fission picture : the dza/d8dA versus A distributions measured at various 

angles show no angular dependence in 
the c m . Their FWHM presented in the 
figure are on the average equal to 
45 ± 5 u in accordance with the rotating 
liquid drop model predictions (RLDM) ; 
they increase slowly with the X,Cr of the fused system and its nuclear tempe
rature. The TKE of the fragments agree 
with the Coulomb repulsion between 2 
rotating spherical nuclei. The fission 
cross sections are correctly reproduced 
by Hauser-Feshbach statistical decay 
calculations like GR0GI-F. 

However, conflicting with the fis
sion deexcitation picture, the shapes 
of the d2a/d9dA show for a given system 
a dependence on the entrance channel. 

D.I.C. contributions have been examined and mass diffusion calcula
tions 3 ) , including shell and pairing effects, and variable drift coeffi
cients with the number of transferred nucleons, have been performed leading 
to satisfactory agreement with experimental results. A mechanism 4 ) inter
mediate in time between D.I.C. and fission can be considered although the 
systems under study have JtCr < ABf = 0-
* Permanent address : Brookhaven National Laboratory, Upton, L.I.N.Y. 11973 Work partially supported by DOE, Div Basic Energy Sciences, DE-AC02-76CH00016 
1) H. Oeschler et al., Phys. Lett. 87B (1979) 193 
2) J.P. Coffin et al., Proc. Symp. otTheavy ion physics, Brookhaven, 1979, 

ed. J. Barrette and P. Bond, p. 735 
3) J. Richert et al., to be published 
4) C. Lebrun et al., Nucl. Phys. A321. (1979) 207 
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FURTHER EVIDENCE FOR EQUILIBRIUM IN DEEPLY INELASTIC HEAVY ION COLLISIONS 

William A. Friedman 

Department of Physics, University of Wisconsin-Madison, Madison, WI 53706 

Measurements of angular momentum transfer as a function of Q-value can 
be shown to be consistent with the establishment of equilibrum during deeply 
inelastic collisions. This is not immediately apparent if one plots the 
transferred angular momentum versus the initial orbital angular momentum 
(deduced by a model from the Q-value). The evidence for equilibrium comes, 
however, by comparing the observed transfer with predictions based on the 
density of states for a fixed value of kinetic energy loss, as required by 
experiments. 

The density of states is developed from the conservation of energy and 
angular momentum, and the microscopic densities for the two fragments (1 and 
2): 

p^-Ej.Zj-Jlf.Ej.^.E^) = 6CE i-E f-E 1-E 2)6 3cl-I f-J 1-J 2)p(E 1,3 r
1)pCE 2,J 2). 

We have used Fermi gas forms for the individual fragment densities: 
2 

p(E.,l) - expC2Cai(E.- ̂ - J ^ ) % ) , 
i 

with I. the momentum of inertial characterizing the Yrast line, and a. the 
density constant. With this density we find the expectation value of {..-J,., 
with energy loss, E., fixed, to be: 

i f . = «2 E. L & r C ai +a 2)" 
The same density used to calculate the expectation value of S..-1- with %. 
fixed provides: 1 1 

<&.-!,-> *i"*f' " 2 

h IVWJ 
J l + I 2 It,. l av 

where the additional average is over the variable R-, characterizing the 
radius from which the fragments separate at the end of the reaction. This 
is essentially the "sticking" prediction. 

The experimental results demand comparison with the predictions for E, 
fixed. For this, numerical evaluation with a.= A/9 and I.= 2/5mA|'3{1.4) 
leads to excellent agreement with both average •y-multiplicities and standard 
deviations for the multiplicities, when a reasonable model for the average 
multipolarity of y-rays is used. Predictions based on the density of states 
also gives excellent agreement for the observed J of the heavy fragment in 
sequential fission experiments as well as for the alignment P . 

The above agreement may be taken as evidence for the establishment of 
equilibrium. Furthermore, the approach allows a simple way of understanding 
the experimental results without need for detailed models. 

This work was supported in part by the U. S. National Science Foundation. 
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INCOMPLETE FUSION IN 1 1 (N* 1 5 9Tb COLLISIONS: LINKS TO ORDINARY i-MATCHED BINARY REACTIONS. 

J. Wilczynski , K. Siwek-Wilczynska , J. van Driel, S. Gonggrijp, 
D. Hageman, R.V.F. Janssens, J. Lukasiak 1 + + and R.H. Siemssen 

Kernfysisch Versneller Instituut, 9747 AA Groningen, The Netherlands 

Our previous study of incomplete fusion reactions in the 1 2 C + 1 6 0 G d 
system lead us to interpretation of these reactions in terms of a 
generalized concept of critical angular momentum ' • A model based on this 
concept predicts localization of different incomplete fusion channels in 
a sequence of "^-windows" above the critical angular momentum for complete 
fusion. Such interpretation of the incomplete fusion reactions makes no 
essential difference between the incomplete fusion reactions(called also 
"massive transfer reactions") and a wider class of those binary reactions 
which satisfy approximately the ^-matching condition. 

He perfomed an experiment aimed to measure absolute cross sections 
for many binary reaction channels in collisions of 1 5 9 T b with 1 1 , 0MeV 1I*N 
ions. The binary reactions were selected by taking coincidences between 
specific y-rays from the target residue nuclei and the complementary 
light products detected and identified with a solide-state detector AE-E 
telescope. To obtain an over view of all the processes involved the 
y-particle coincidence measurements were combined with inclusive detection 
of charged particles, Y~nmltiplicity measurements (in coincidence with 
charged particles) and particle-particle coincidence measurements '• 

The absolute cross sections were obtained for the following 
reactions: ^ T b ^ N . a ^ Y b , 1 5 9Tb( 1 1 (N, 6He)Yb, 1 5 9Tb( l l ,M,2o)Er, 
1 5 9Tb( 1'*N, 9Be)Er, ^TM^N.K'BejEr, ^ • r M ^ N . ^ H o , ' " T K ^ N ^ B J H O , 
1 5 9 T b ( m N j 1 2 B ) H o > 1 5 9 T b ( m N 1 2 c ) D y 1 5 9 T b ( l U N > 3 a ) D y j 159 T b (H. N j 1 3 C ) D y > 
159Tb(1'*N,1',C)Dy and 1 5 9Tb( I l ,N, 1 5* l 60)Gd. The data were analized in terms 
of a "sum-rule" model which is an extension of the model of ref. I. It is 
assumed in this model that reaction probabilities are scaled by the avail
able phase space. (The Qgg-dependence of the reaction probabilities was 
assumed for all reactions proceeding via stage of the partially 
equilibrated di-nuclear system.) Additionally, angular momentum limitations 
of ref. 1 are supposed to constrain the reaction probabilities. With these 
assumptions a sum rule for reaction probabilities enables one to calculate 
absolute cross sections for complete fusion and all the incomplete fusion 
channels, as well as to predict localization of all these reactions in the 
i-space. A good agreement between the model predictions and the 
experimental data was obtained. 

1) K. Siwek-Wilczynska et al., Phys. Rev. Lett. 4£ (1979) 1599. 
Z) J. van Driel et al., contribution to this Conference. 

t Permanent address: Institute of Nuclear Physics, 31-342 Cracow, Poland 
tt Permanent address: Institute of Experimental Physics, University of 

Warsaw, 00-681 Warsaw, Poland 
ttt Permanent address: Institute for Nuclear Research, 05-400 Fwierk, Poland 
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SEQUENTIAL BREAK-UP VS. FRAGMENTATION IN 
1 * S + 1 5 9 T b COLLISIONS AT 10 MeV/NUCLEON 

v-v. 
without position resolution 

J. van Driel, S. Gonggrijp, R.V.F. Janssens, R.H. Sierassen, 
K. Siwek-Wilczynska+ and J. Wilczynski++ 

Kernfysisch Versneller Instituut, 9747 AA Groningen, The Netherlands 

The mechanism of the break-up of heavy ions in energetic nucleus-nucleus 
collisions is a subject of much current interest. An open question is what 
intermediate states are involved mostly in the break-up reactions. One of the 
possibilities is that the break-up proceeds via inelastic scattering or trans
fer to unbound states which subsequently decay by particle emission. Such a 
sequential break-up can be studied by accurately measuring the energies and 
relative emission angles of the two fragments. 

The experiment was performed using a 140 MeV 1 " N ' , + beam from the KVI 
variable energy cyclotron. A 3 nig/cm2 thick foil of metallic 1 5 9 T b was used as 
target. Charged particles over the range 2*Z£7 were detected and identified 
with two identical position-sensitive telescopes consisting of three solid-
state detectors : 50 Um, 500 um and 1500. Um thick, respectively. Depending on 
the range of a particle, the middle (position sensitive) detector could be 
used either as a AE-detector (together with the front one) or as an E-detector 
(together with the rear one). 

As an example, the relative energy 
spectrum (E=E -Q (threshold)) for 11B+o. 
coincidences (61=20°, 6Z=30.5°) is shown on 
the lower part of the figure. Several a-
decaying states in 1 5 N * have been identified 
in this spectrum. The upper part of the 
figure illustrates the importance of a good 
angular resolution : the same coincidence 
data are plotted with the position of infor
mation ignored (B=8 2-8i). 

In order to estimate relative contri
butions of the sequential break-up and other 
(uncorrelated) fragmentation processes par
ticle-particle coincidences were measured 
for various angular configurations. For 
large relative angles the coincidence data 
are properly described by the "factorization 
prescription" suggested in ref. 1. On the 
other hand, for close angular configurations 
the sequential break-up dominates. Estimates 
of the angle-integrated cross sections show 
that 19±8 % of the total inclusive cross 
section for production of Lim Be and B 
isotopes can be attributed to sequential " , I M e V I 

break-up processes, and 26±6 % comes from 
uncorrelated fragmentation events. The 
remaining part of the total inclusive cross section must be related to binary 
reactions which were studied seperately for the same J I ,N+ I S 9Tb system by 
using Y-particle coincidence technique2^. 
1) R.K. Bhowmik et al., Fhys. Rev. Lett. £3 (1979) 619 
2) J. Wilczynski et al., contribution to this Conference. [00-681 Warsaw,Poland 
t Permanent address : Institute of Experimental Physics, University of Warsaw 
TT Permanent address : Institute of Nuclear Physics, 31-342 Cracow, Poland 
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CORRELATED CHARGE AND MASS DISTRIBUTIONS IN THE EVAPORATION 
RESIDUE REGION FROM THE 2 0 N e + 2 7A1 REACTION 

F. E. Obenshain, R. L. Ferguson, A. I. Gavron, F. Plasil, 
R. L. Robinson, D. Shapira, A. H. Snell and G. R. Young 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
We have measured the energy and angular distributions of the products 

resulting from the reaction Ne + Al at 167 MeV and 118 MeV. The mass 
and charge of each product was determined by time-of-flight and by AE-E 
techniques. Even in the evaporation residue region, each isotope is 
well resolved for this system. 

The results of our measurements are then compared with a modified 
version of the evaporation program1 (JULIAN), which uses Monte-Carlo 
techniques to produce energy and angular distributions as well as total 
cross sections for each isotope. A comparison of our experiment data 
with the results of the calculations is shown in Fig. 1 for E (lab) = 
118 MeV and in Fig. 2 for 167 MeV. In both cases we show Z- and A-
distributions which have been integrated over energy, angle am' « immed 
over A in the upper part of the figures and over Z in the low" ,.•' 't. 

As may be seen, the program underestimates the yield for U:\jer Z and 
A values, particularly at the lower energy, however, the overall agreement 
is satisfactory considering the fact that no parameters were varied from 
the averages appropriate for this region and only evaporation from the 
compound system is considered. Other reaction channels such as deep inelastic 
scattering and incomplete fusion must be considered in addition to the 
evaporation process in order to obtain a complete picture of the reaction 
mechanism. In particular, the discrepancy between experiment and calculation 
for low values of Z and A at 167 MeV may be explained by incomplete fusion.2 

ORNL-OWG 80-9843 ORNL-DWG 80-9842 

167M6VNB+A1 

n 
E X P l * MPACE 

niriMlllltia^ 
2» 26 28 30 32 34 36 38 40 42 24 26 28 30 32 34 36 38 40 42 

A 

Fig. 1 Fig. 2 
•This work is supported by the Division of High Energy and Nuclear Physics, 
Office of Energy Research, U. S. Department of Energy, under contract W-
7405-eng-26, with the Union Carbide Corporation. 

1. A. Gavron, Phys. Rev. C 21., (1980) 230. 
2. H. Lehr et a l . , Hahn-Meitner-Institut fu r Kernforschung Ber l i n , Preprint 

HMI-P 1/80. 
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EMISSION OF HIGH-ENERGY GAMMA-RAYS FROM 1.8 GeV/amu " " A r + 2 0 B P b ' 
ft * 

M.P. Budiansky, S.P. Ahien, G. Tarle, P.B. Price 

Department of Physics 
University of California 

Berkeley, California 94720 

There are several possible sources of high-energy (E > 10 MeV) gamma-
rays from r e l a t i v i s t i c , heavy-ion co l l i s ions; very l i t t l e is known about 
their re la t ive production rates. We are part icular ly interested in the 
following sources: 1) Bremsstrahlung. Our calculations indicate that the 
amount of bremsstrahlung emitted is a sensitive function of the dynamics of 
the co l l i s i on . 2) Photons from ir° decay. This is the main source pf photons 
in the energy range of interest. 3) M1236) decay. This resonance decays 
via Ny about 0.6? of the time. The result ing photons, peaked around 260 MeV, 
may be v is ib le above the background produced by ir° decays. 

A schematic diagram of our detector is shown. By using state-of- the-art 
phototubes with high quantum eff ic iency and excellent l i gh t col lect ion, we 
expect to achieve good energy resolut ion. Tests using cosmic-ray muons 
suggest that a photon energy resolution of -20% (FWHM) at 100 MeV is 
possible. The problem of neutron rejection was given special consideration 
in the design. A photon from a co l l i s i on f i r s t passes through Al and A2, 
which are anti-coincidence s c i n t i l l a t o r paddles to reject charged part ic les. 
The photon then interacts in converter C, a thin lead sheet, to produce an 
electron-positron pair. The 
electron and positron produce 
signals in S, a sc in t i l l a to r , 
and Ck, a p las t ic Cerenkov 
detector, and then deposit 
their energy in approximately 
13 radiation lengths of lead 
glass. Neutron rejection is 
provided by analyzing the 
signals in S and Ck: In order 
to accept an event we require 
signals in these detectors 
that correspond to two 
r e l a t i v i s t i c , singly-charged 
par t ic les. Analysis of the 
shower development in the lead-glass blocks may provide further neutron 
reject ion. Not shown are the target, and two detectors in the beam path that 
form a cent ra l -co l l is ion t r igger. 

The experiment is scheduled to run at the Lawrence Berkeley Laboratory 
Bevalac f a c i l i t y around June. We w i l l be measuring gamma-ray energy spectra 
at various angles, as well as performing a number of background checks. We 
expect to present preliminary results at the conference. 
+ 
This work is supported by the Nuclear Science Division of the U.S. 
Department of Energy. 

*Also Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley, 
California 9*720. 

Photon 

Al A2 

609 



CHARGE AND MASS EXCHANGE IN Fe-INDUCED REACTIONS* 

H. Breuer, K. Kwiatkowski, A. C. Mignerey, and V. E. Viola 
University of Maryland, College Park, MD 20742 

B. G. Glagola and K. L. Wolf 
Argonne National Laboratory, Argonne, IL 60439 

J. R. Birkelund, D. Hilscher, J. R. Huizenga, W. U. Schroder, and w.W. 
University of Rochester, Rochester, Ny 14627 

Wilcke 

tween o. and a_ A Z proton exchange for the partially damped events. 

Projectile-like fragments have been measured with discrete A and Z resolu
tion as a function of energy loss (E ) for both symmetric and-asymmetric 
system| with varying A/Z ratios. Mongisotopic targets of Fe, Ho, Bi 
and U were bombarded with 465 MeV Fe ions from the LBL Super-HILAC accel
erator. The measured energies were transformed into primary yields and center-
of-mass energies by an iterative event-by-event procedure. Inclusive charge 
and mass distributions show that, for the asymmetric systems, a drift in the Z 
towards smaller atomic numbers can be attributed to a charge equilibration 
process in which protons are preferentially transferred from the Fe-like frag
ments to the heavy partner. A/Z increases smoothly with E over a range 
of more than 100 MeV towards the A/Z value of the combined system. The vari
ances of2the change and mass distributions indicate that the relationship be-
" - -= - i s intermediate between correlated and uncorrelated neutron-

However, with increasing 
EL0SS a 1 1 s v s t e m s evolve toward correlated exchange. 

The variances of charge distributions for fixed mass asymmetry have 
recieved much attention recently. ~ Data for all our systems indicate that 
the a z vs E curves are remarkably similar for all individual A. Averaged 
values for A = 52 to 52 (not corrected for particle emission) are shown in the 
figure for the Fe + Fe, Ho, and U reactions. All systems achieve a 
saturation value of a - 0.8. The 
transition region of increasing a ranges 
from - 20 MeV in E for_the Fe target 
to ~ 50 MeV for the s s J U target, 
which corresponds to - 10 MeV of excita
tion energy in the projectile like frag
ments for all systems. For comparison, 
the figure includes curves from calcula
tions for statistical fluctuations , 
a = T/C (dashed-dotted lines),and for 
quantal fluctuations ' , a = -I&1/2C 
(full lines), with-Hu of the isovector 
GDR, T the nuclear temperature, and C the 
stiffness coefficient from the 
liquid drop model. 

*This work was supported in part by the 
National Science Foundation and the 
Department of Energy. 

~ io: 
N 

1. 
2. 
3. 
4. 
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56' 56 * 
STRUCTURE IN THE Fe + Fe REACTION 

A. C. Hignerey and K. L. Half 
Argonne National Laboratory, Argonne, IL 60439 
H. Breuer, B. G. Glagola and V. E. Viola, Jr. 
University of Maryland, College Park, Md 20742 

t+ J.R. Birkelund, D. Hilscher , J. R. Huizenga, W. U. Schroder and W.W. wilcke 
University of Rochester, Rochester, NY 14627 

The discovery of structure in the energy spectra of specific final frag
ments formed in damped collisions between symmetric target-projectile pairs 
has stimulated speculation concerning their origin.1 We have studied the 

Fe + 5 6 F e reaction at 8.3 HeV/u at the Lawrence Berkeley Laboratory Super-
HILAC. The figure shows the excitation energy spectra for the dominant reac
tion products with A £ 56 and Z > 26, taken at 8° to the beam. Four peaks are 
clearly visible in the 5 7Co spectrum, corresponding to total excitation ener
gies of 10,22,44 and 58 HeV, prior to corrections for particle evaporation. 
Structure is also observed in other reaction channels, although not as prorai-
nant. It is difficult to obtain any systematic description of the structure 
in terms of Q values. However, the persistance of structure to excitation 
energies of *-60 HeV is an important feature. 

In order to help explain the origin of this structure, we have examined 
the role of statistical evapora-

100 

tion processes following the pro
duction of the primary fragments, 
assuming their origin in nucleon-
exchange processes. 

Similar calculations of the 100 
Ca energy spectrum in the 

4 0 C a + 4 0 C a reaction have shown 
that it is possible to generate 
structure due to statistical pro 
cesses.2 However, it is diffi
cult to reproduce the energy 
spectra of Co and Co with a 
consistent set of initial condi
tions. Moreover, calculations 
show that the opening of an in
creasing number of reaction chan
nels with increasing excitation 
energy rapidly smooths out any 
structure due to individual decay 
channels, making it difficult to 
account for a peak at -60 MeV of 01 
excitation with this mechanism. 
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tton leave from the Hahn-Meitner -OMaV 
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1. N. Frascaria, et al., Phys. Rev. Lett. 39, (1977) 918. 

N. Frascaria, et al., to be published Z. Physik. 
2. D. Hilscher, et al., Phys. Rev. C40, (1979) 556. 
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FUSION CROSS SECTIONS DERIVED FROM OPTICAL POTENTIALS* 

M. S. Zisman 

Nuclear Science Division 
Lawrence Berkeley Laboratory 
Berkeley, California 94720 

In recent years detailed studies of heavy ion elastic scattering and 
also fusion excitation functions have appeared in the literature. One inter
esting question which these data allow us to investigate is whether or not the 
optical potentials obtained from fits to elastic scattering are also capable 
of reproducing the measured af values. In an attempt to answer this question, 
existing data have been utilized from the following systems: 1 G 0 + 1 2 C , 2 7 A 1 , 
2 8 S i , "°Ca and 1 2 C + 2 a S i . The elastic data in each case have been fit with 
an optical potential having either a Woods-Saxon (WS) or a proximity form for 
the real part coupled with a WS imaginary part. A typical fit to high energy 
data for the 1 60+ Si system is shown in fig. 1. For the systems studied, it 
is found that potentials which provide a good fit to the high energy data set 
predict about the same values for the position and height of the 1=0 fusion 
barrier, and that the data show sensitivity to the potential into separation 
distances well inside this radius. Thus, the high energy elastic scattering 
data are in fact measuring the interaction potential in just the radial region 
to which the fusion data are expected to be sensitive. 

Fusion cross sections have been calculated with various friction-free 
models. The first involves a simple sharp cutoff (SCO) calculation in which 
Of (E)=irJc2(V.cr+l)2, where J.cr is the highest partial wave for which the maximum 
in the real potential [nuclear + Coulomb + centrifugal) is below energy E. In 
addition, calculations including barrier penetrability have been performed 
using the Hill-Wheeler (HW) expression for passage through a parabolic 
barrier. For both calculations the barrier heights and positions were obtain
ed from the appropriate optical potential. Shown in fig. 2 are the results of 
fusion calculations for the 1 60+ Si system using the same WS potential as in 
fig. 1. Comparable results are obtained for the I 60+ 2 7A1 and "0+l*l,Ca 
systems, but the results for the systems involving 1 2 C are less satisfactory. 

Fig. 1 Fig. 2 
+This work was supported by the Division of Nuclear Physics of the Office of 
High Energy and Nuclear Physics of the U.S. Dept. of Energy. 
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SOB-BARRIER FUSION OF Ni + Ni, Ni + Ni AND Ni + Ni 
M. Beckerman, M. Salomaa.A. Sperduto, H. Enge, 

A. diRienzo, Yan Chen'' and J.D. Holitoris 
Laboratory for Nuclear Science 

Massachusetts Institute of Technology 
Cambridge, MA 02139 

In this work we determined Ni + Ni, Ni + Ni and Ni 64.. 
complete fusion excitation functions over a range of energies from just 
above to well below the fusion barrier. These Ni systems comprise a triad of 
massive, nearly closed-shell symmetric target-projectile combinations; the 
Ni isotopes have similar guadrupole deformation parameters and nuclear 
stiffnesses, and our objective in doing these measurements was to investi
gate the possible influence of valence neutrons upon the fusion process in 
general and upon barrier penetration in particular. 

To determine the excitation functions we measured evaporation residue 
differential cross sections over angular ranges from 0 to 6° (lab) with high 
precision using the MIT-BNL velocity selector system together with a gas 
AE-E telescope. The fusion measurements were preceded by detailed calibra
tions of the detection system using elastically scattered 127j i o n s D f 
energies similar to those of the evaporation residues. The results are dis
played in the figure with error bars which incorporate both systematic and 
statistical uncertainties; in most 
instances the statistical errors 
are comparable to or smaller than 
the squares and circles. 

We find that there are sub
stantially larger variations in |00. 
shape and magnitude of the excita
tion functions than expected from 
either coulomb barrier considera- f 

tions or liquid drop predictions. $ «t 
Perhaps the most interesting ' * 
feature of these data is that the 
fusion barrier for '°Ni + Ni 

3 , Q 
E appears to be more penetrable than 

that for 64ni + 64 N£ o r 5 8 N i + 58{4 o 
while the fusion of 5 8 N i + 6 4 N i 
seems to be somewhat inhibited at 1.0 
higher energies. We interpret 
these data as providing evidence 
of a dynamic role in the fusion 
process of valence neutrons. 
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tThis work was supported by the U.S. Department of Energy under 
Contract # AC02-76ER03069. 
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COMPOSITE PARTICLE EMISSION IN HIGH ENERGY HEAVY ION COUISIONSt 

M.-C. Lemaire, + S. Nagamiya, S. Schnetzer, 
H. Stelner, and I . Tan1hata+ + + 

Lawrence Berkeley Laboratory, University of California 
Berkeley, California 94720 

In collisions of C + C, Ne + NaF, Ar + KCl, C + Pb, Ne+Pb, and Ar + Pb at 
400, 800, and 2100 MeV/nucleon incident energies, composite nuclear fragments 
(d, t , and 3He) have been measured at laboratory angles from 10° to 145° for 
fragment energies up to 1.3 GeV/nucleon. Examples of inclusive spectra are 
shown in Fig. 1 where deuteron spectra observed in 800 HeV/nucleon Ar + KCl 
collisions are displayed by black circles. Open squares and diamonds shown 
in Fig. 1 are the spectra calculated by squaring the observed proton spectra 
in the same reaction. An excellent agreement between the deuteron and proton-
squared spectra is observed. 

In al l the collisions studied, we observe that the following relation 1) 
holds very well over a wide range of fragment momentum and angle: 

E A(d3 0 f l(P A)/d3P f l) = C (E p d3 0 p /d3p p ) A with PA = A P p , (1) 
where A Is the nucleon number of the composite particle (A =2 for d and 3 for 
t and 3He). The coefficient C Is a constant which depends only on the beam 
energy, projectile mass, target mass, and the fragment type. The observed 
features of C are as follows: 

1. C is almost independent of beam energies once projectile and target masses 
are fixed. 

2. C is smaller for heavier mass system. 
3. C is almost the same for t and 3He. 

According to Mekjian2) the coefficient C can be related to the volume of 
the participant piece through the relation, C « (l/(volume)). Under the as
sumption that the participant piece has a spherical shape, the radius R was 
evaluated from the observed valued of C. As shown In Fig. 2, the radius R is 
larger for heavier-mass system. The observed value of R=3-4 fin is also com
parable to that obtained in a plon interferrometry experiment3). 

1. S. F. Butler and C. A. Pearson, Phys. Rev. 129 (1963) 836; H. H. Gutbrod 
et a l . , Phys. Rev. Lett. 37 (1976) 667. 

2. A. Mekjian, Phys. Rev. C17 (1978) 1051. 
3. S. Y. Fung et a l . , Phys. Rev. Lett. 41 (1978) 1592. 

tyork supported by the Nuclear Science Division of the U.S. Department of 
Energy, the Yamada Foundation, and the INS-LBL Collaboration Program. 

tfPresent address: DPhNME, CEN Saclay, 91190 Gif-sur-Yvette, France. 
+ t t 0 n leave from INS, University of Tokyo, Tanashi-shi, Tokyo, Japan. 
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CORRELATIONS BETWEEN LIGHT FRAGMENTS IN HIGH-ENERGY HEAVY-ION COLLISIONSt 

S. Nagamiya, M.-C. Lemaire, + + S. Schnetzer, H. Steiner, and I . T a n i h a t a ' m 

Lawrence Berkeley Laboratory, University of California 
Berkeley, California 94720 

c.c 
(BOOMeWA) 

Two-particle correlations and the light-fragment spectra for high-mult i 
p l i c i t y events (HHE) have been measued in heavy-ion col l is ions at incident en
ergies of 400 & 800 HeV/nucleon. A magnetic spectrometer was used to deter
mine the Z, m, p, and angle of one par t ic le , while the other part ic le(s) from 
the same event were detected by a set of 9 plast ic counter telescopes placed 
at 40° with respect to the beam and arranged symmetrically in azimuth. 

A. Two-Particle Correlations: We measured a) the in-plane coincidence bet-
ween the spectrometer at (e,<j.) = (es,0°) and the telescope at (40°,180 C), and 
b) the out-of-plane coincidence between the spectrometer and the telescope at 
(40°, 90") or (40°, 270°). Examples of in-plane to out-of-plane coincidence 
rat ios are plotted in Fig. 1. A strong peak due 
to pp quasi-elastic scattering is observed in the 
r a t i o , which demonstrates the importance of the 
nucleon-nucleon clean-knock-out process in heavy 
ion co l l i s ions. From the study of peak heights 
for C + C, Ne + NaF, and Ar+KCl we evaluated that 
about 50% of protons emitted to the kinematical 
region around the peak are from the clean knock
out process. For heavier-mass targets no peaks 
due to pp QES are observed. Instead, the nucl
ear shadowing effect is observed. 

B. Light-Fragment Spectra from HME: HME were 
detected from an M-fold coincidence of counter 
telescopes where H was typ ica l l y more than 4 or 
5. In Fig. 2 proton angular distr ibut ions for 
both HME and inclusive event; are plotted. In 
the c m . frame of the part ic ipant piece an almost 
isotropic angular d is t r ibu t ion is observed for 
HHE, while forward and backward peaking is ob
served for inclusive events. For Ar + Pb the , 
forward emission observed in inclusive events 
is highly suppressed in HME. These facts 
suggest that particles emitted in HME are 
mainly from multiple nucleon-nucleon c o l l i 
sions. In the case of 800 MeV/nucleon Ar + 
KC1 we studied systematically the relat ive 
importance of clean knock-out and multiple 
cascade components from the comparison bet
ween inclusive events and HME. The results 
are that a) large-p-r- fragments are mainly 
from the cascade process, b) forward and 
backward emission is mainly from the clean 
knock-out process, and c) fo r protons with 
E c.m. = z o ° teV both processes are highly 
intermingled. The las t resu l t is consis
tent with the result obtained in the two-
proton correlation data described above. 

Fig. 1 
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Work supported by the Nuclear Science Division of the U.S. Department of 
Energy, the Yamada Foundation, and the INS-LBL Collaboration Program. 

JTPresent address: DPhNME, CEN Saclay, 91190 Gif-sur-Yvette, France. 
On leave from INS, University of Tokyo, Tanashi-shi, Japan. 
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LIGHT PARTICLE EMISSION AS A PROBE OF THE ROTATIONAL DEGREES 
OF FREEDOM IN DEEP-INELASTIC REACTIONS 

L.G. Sobotka, G.J. Wozniak, C.C. Hsu, G.U. Rattazzi, 
R.J. McDonald, A.J. Pacheco, S.K. Blau and L.G. Moretto 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

We have used the technique of sequential light particle 
emission*) to investigate the transfer of orbital angular 
momentum into intrinsic spins of the deep-inelastic fragments 
for the system 664-MeV 8 4 K r + n a t A g . The experimental 
configuration involved a AE-E solid-state telescope to detect 
the projectile-like fragment and to define the reaction plane. 
On the opposite side of the beam axis an out-of-plane arc 
containing 4 light-particle telescopes was employed to measure 
the out-of-plane correlation of a-particles emitted from the 
target-like fragment. In addition, an array of 7 Nal detectors 
was positioned above the reaction plane to simultaneously 
measure the gamma ray multiplicity. 

Out-of-plane a-particle angular distributions in the 
center-of mass of the target-like fragment were obtained as 
functions of the number of coincident y-rays, TKE and charge 
asymmetry. In the figure the dependence of the angular 
distributions on TKE and charge asymmetry is shown. The TKE 
bins span only the deep-inelastic region. The angular 
distributions „,. Ba . 

I W I Ag. 8"Kr (664 MeV) . 
Znh«-29-3l Znhs-32-34 Z o W 35-37 Zebs- 38-40 

become more focused 
in-plane, as TKE or 
charge asymmetry is 
increased, 
(indicating a 
higher degree of 
alignment or 
increased spin of 
the emitting 
fragment) . The 
trend with TKE is 
possibly the result 
of increased 
fluctuation of the 
emitting fragment's 
spin with increas
ing energy loss due 
to the excitation 
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of angular momentum bearing modes in the deep-inelastic process. 
The change in the angular distributions with charge asymmetry 
could reflect rigid rotation of the deep-inelastic complex. 

•This work was supported by the Nuclear Physics Pivision of the 
Dept. of Energy under contract no. 7405-eng-48. 

L.G. Sobotka, G.J. Wozniak, C.C. Hsu, G. U. Rattazzi, R.J. 
McDonald, A.J. Pacheco, S.K. Blau and L.G. Moretto, 
LBL Report No. 10688. 
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NEUTRON PRODUCTION BY RELATIVISTIC NEON IONS ON CARBON, ALUMINUM, 
COPPER, AND URANIUM 

R. Madey, R.A. Cecil, B.D. Anderson, and A.R. Baldwin 
Department of Physics* 
Kent State University 
Kent, Ohio 44242 

+ tt 
W. Schimmerling, J.VI. Kast , and D. Ortendahl 

Lawrence Berkeley Laboratory** 
University of California 
Berkeley, California 94720 

We measured inclusive double-differential cross sections at angles of 
30", 45°, 60" and 90° for the production of neutrons above about 15 MeV by 
relativistic neon ions bombarding targets of C, Al, Cu and U. The bombarding 
energy at the center of the production targets was about 337 MeV/A. Three 
different energy regions can be distinguished in the neutron spectra: 
CI) a low-energy "evaporation" region, (2) a high-energy exponential tail 
reflecting the internal momentum distribution of the nucleons, and (3) an 
intermediate energy region reflecting quasi-free and pre-equilibrium pro
cesses. The intermediate-energy region becomes less pronounced with increas
ing angle and is almost non-existent at 90°. This behavior is consistent 
with the interpretation that the intermediate-energy region consists mainly 
of scattering processes with a few impulsive direct collisions. The inter
mediate-energy region is relatively flat at the forward angles and merges 
into an exponential fall-off at wide angles. The 30-degree spectrum from 
the carbon target shows a broad peak around 150 MeV, which we interpret as 
a signature of quasi-free nucleon-nucleon collisions. It is reasonable to 
expect this signature from the lighter system because the smaller number of 
participating particles is less likely to wash out the kinematic relation
ships for a quasi-free nucleon-nucleon collision. Although the neutron 
detection threshold does not permit us to see the evaporation peaks, we do 
see evidence of the evaporation tails. The evaporation yields apparent in 
our spectra increase with the mass number of the target. 

The cross sections integrated in energy above 25 MeV fall off exponen
tially with angle. The total integrated cross section above 25 MeV is pro
portional to the fifth power of the sum of the radii of the target and the 
projectile. This representation implies that the average multiplicity of 
neutrons above 25 MeV, taken as the ratio of the measured cross section to 
the geometric cross section, is proportional to a geometric interaction 
volume of •=• irr (A + A_ ) , where A and A_ are the mass numbers of 
the projectile and the target, respectively. The average multiplicities for 
neutrons above 25 MeV are 1.9, 2.4, 4.2 and 8.2 for C, Al, Cu and U targets, 
respectively. 
•Supported in part by the National Science Foundation and the U.S. Depart
ment of Energy. 

"Supported in part by the Office of Health and Environmental Research of 
the U.S. Department of Energy and by the National Aeronautics and Space 
Administration. 

tPresent address: Varian Associates, Palo Alto, California 94303. 
++Present address: Department of Radiology, University of California, San 

Francisco, California 94143. 
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STUDY OF THE 2 8 S i ( 6 U , d ) 3 2 S REACTION AT 75 MeV 

T. Tanabe, M. Yasue, K. S a t o , K. 6 g i n g , + Y. K a d o t a , + 

Y. Taniguchi and K. Obori 

a Si( 6 Li .d) 3 2 S 
i E(*U1=TS.6 H * . «u=»* 

I n s t i t u t e f o r Nuclear Study, u n i v e r s i t y o f Tokyo, Tokyo, Japan 
tDepartment of Nuclear Eng ineer ing , Kyoto U n i v e r s i t y , Kyoto , Japan 

The ( 6 L i , d ) a - t r a n s f e r r e a c t i o n on 2 B S i was i n v e s t i g a t e d a t 75 .6 MeV 
bombarding e n e r g y . The 6 L i 3 + beam o f about 100 nA was ob ta ined from the 
INS SF c y c l o t r o n . A s e l f - s u p p o r t i n g n a t u r a l S i f o i l made by e t c h i n g of a 
s i n g l e - c r y s t a l S i was used as a t a r g e t . Deuteron s p e c t r a were measured 
wi th a magnet ic spectrograph. 

Typica l deuteron spectrum i s shown i n the f i g u r e . Some l e v e l s i n 3 2 S 
are populated more s e l e c t i v e l y than are observed with the ( 6 L i , d ) r e a c t i o n 
a t lower bombarding e n e r g i e s 1 ) . R e l a t i v e a - p a r t i c l e s p e c t r o s c o p i c f a c t o r s 
were e x t r a c t e d from the comparison o f e x a c t f i n i t e - r a n g e BWBA2) c a l c u l a t i o n s 
with the exper imenta l angular d i s t r i b u t i o n s . The c a l c u l a t i o n s were made 
assuming a c l u s t e r t r a n s f e r mechanism by u s i n g 6 L i o p t i c a l p o t e n t i a l 
parameters o b t a i n e d from the f i t s to the data for the e l a s t i c s c a t t e r i n g 
of 6 L i on 2 8 S i measured a t 
the same time (V=176.5 MeV, 
rR=1.3 fm, a R = 0 . 7 fin, 
" v o l - 3 2 . 9 MeV, ^ - 1 . 7 fm, 
a j=0 .9 fm) and average 
deuteron p a r a m e t e r s 3 ) . 
Resul t s are compared with the 
corresponding numbers from 
other a - t r a n s f e r react ions 1 *) 
on z 8 S i i n t h e t a b l e . I t can 
be seen t h a t t h e r e i s 
reasonable agreement among ' 
t h e s e r e s u l t s a s regards the 
r a t i o of t h e S - f a c t o r s for the 
l o w - l y i n g s t a t e s i n 3 2 S . 
The angular d i s t r i b u t i o n s for 
the s t r o n g l y popula ted l e v e l s 
a t 6 . 7 , 8 . 5 , 1 0 . 4 , 1 1 . 8 , 
14 .5 and 1 5 . 6 MeV appear 
to be c o n s i s t e n t w i t h 
I M , 5 or 6 o r b i t a l 
angular momentum t r a n s f e r . 
These s t a t e s seem t o have 
s t rong a - c l u s t e r components 
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KAON PRODUCTION IN RELATIVISTIC HEAVY ION COLLISIONS+ 

S. Schnetzer, G. Shapiro, H. Steiner, I . Tanihata, 1 

M.-C. Lemaire, 2 R. Lombard,3 E. Moeller,1* and S. Nagamiya 

Lawrence Berkeley Laboratory and Department of Physics 
University of California, Berkeley, California 94720 

We have measured the inclusive differential cross sect ion, d za/dndp, for 
production of K -mesons in the following reactions: Ne(Z.l GeV/N) + (C, NaF, 
KC1, CU, as>d Pp) and d(Z.l GeV/N) + (NaF and Pb). The laboratory angles 
covered were 15°, 35°, 45° , 55° , and 80°, and the laboratory momenta of the 
detected kaons ranged from 350 MeV/c to 750 MeV/c. The figure shows th i s 
kinematical region on a plot of kaon transverse momentum versus kabn rapidity. 
Also shown are the kinematical l imi ts for K+ production in free NN c o l l i s i o n s . 

The K+'-fflespn has a re la t ive ly small cross sect ion , MO mb, for scattering 
on nucleons. In addition, because of i t s + strangeness i t 1s not readily 
absorbed. Thus we expect the observed kaon spectra to more directly re f lec t 
the i n i t i a l stages of the interaction than comparable measurements made with 
pions or protons. 

More spec i f i c ia l ly , our analysis is directed toward obtaining infoi-mation 
about 
(1) The momentum and angular spectra of the produced kaons for various projec

t i l e s and targets, 
(2) The projecti le and target mass dependences, 
(3) The comparison between kaon and pion production. 

Preliminary analysis has shown K* production in regions considerably 
beyond the free NN kinematical l imi ts shown in the f igure. We are studying 
how well th is result can be explained by the various models. For example, we 
are interested in learning whether or not the data can be f i t adequately with 
a model based on independent NN co l l i s ions using conventional internal momen
tum distributions. 

0.0 
target 

Work supported by the Nuclear Science Division, U.S. Department of Energy 
and the INS-LBL collaboration. 
Visitor from INS, University of Tokyo, Japan. 
zPresent address: D.Ph.N.M.E., CEN Saclay, France. 
Permanent address: D.Ph.N.M.E., CEN Saclay, France. 
'•Visitor from the Frele Unlversltat Berlin, West Germany. 
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PREEQUILIBRIUM NEUTRONS FROM DEEP INELASTIC COLLISIONS (DIC)T 

H. Gemmeke, P. Netter, Ax. Richter, L. Lassen, W. Lucking, R. Schreck 

Physikalisches I n s t i t u t 
Universitat Heidelberg 
6900 Heidelberg, FRG 

So far only equil ibrium emission of neutrons is known in DIC. We measured 
the neutron emission for 6 - 9 MeV/amu 1 € 0 on 1 mg/cm2 58,64|\|i (at the Heidel
berg MP-Tandem with postaccelerator) in coincidence with p ro jec t i l e - l i ke f rag
ments. One aim of these experiments was to f ind a preequilibrium component in 
n-emission during DIC. For in-plane correlations a i m long position sensit ive 
movable neutroncounter (posit ion resolution H5 cm) was used at a distance of 
82 cm (140 msr or a horizontal acceptance of 560). Additional a standard NE213 
neutron counter 5" 0 x 2" was mounted at 101° out of plane at a f l i g h t path of 
71 cm (25 msr). The coincident pro ject i le - l ike fragments were detected near 
the grazing angle (z29°) at 35° with a posit ion sensitive (x,y) ionizat ion 
chamber (12 msr). 

96MeV 

0.2 

0.6 

The three-body event by event 
analysis of the measured n-frag-
ment correlations show three phy
sically different mechanisms: 

1) A quasilelastic component 
which is due to a quasifree (knock 
out) process from the target nuc
lei lbo + 58,64Ni ->• 16o + n + 
57,63NT and can be clearly sepera-
ted for the further data evalua
tion. 

2) Isotropic evaporation from the 
heavy target-like fragments gives 
rise to a bell shaped angular cor
relation (hatched area in the fi
gure) peaked at the recoil angle 
(arrows). The measured energy dis
tributions correspond to tempera
tures around 1 MeV in agreement 
with evaporation calculations. The 
n-multiplicities -0.2 and -1.0 for 5aNi and 
6 4Ni respectively are low because of the high n-binding energies 
plane anisotropies of -0.1 and -0.2 correspond to J 

1-3IB4-7B HPIH 

Ni 
•—r 

*I\ V 
• 

C 

p 

Na • 1 3?" 1 

mill 
—-i i i — 1 — : 

N 
1 

1 
— i — 

0 

• *bl 

^ *Y 

-1.5 

1.0 

0* 50' 100* 50* 100* 
- er 

The out of 
13 "tl in both cases which 

i's in agreement with earlier findings for charged particlesl). 
3) After subtraction of the isotropic equilibrium spectra and the quasiela-

stic part a fast preequilibrium-like component (cross hatched area) shows up, 
which falls off exponentially (in the lab-system) with increasing angle begin
ning from the beam direction. The maximum temperature at 0° is about 2.9 MeV. 
The shape of the angular correlations seems to contradict to the known hot 
spot predictions2). From 5 8Ni to M N i the production cross section of fast neu
trons increase by a factor 2.7 which proves the target as the source of these 
neutrons and points also to a knock out process as the underlying reaction me
chanism at the very beginning of the DIC. 

^Supported by the Federal Ministry for Research and Technology (BMFT), FRG. 
T TPresent address: FB Physik, Philips-Universitat Marburg, FRG. 
1. H. Ho, R. Albrecht, W. DUnnweber, G. Graw, S.G. Steadman, J.P. Wurm, D. 

Disdier, V. Rauch and F. Scheibling, Z. Physik A283 (1977) 235 
2. P.A. Gottschalk and M. Weststrbm. Nucl.Phys. A3T4~T1976) 232 
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DIRECT REACTIONS WITH 1-10-20 MeV/amu O 

4 0 Ca( l 6 0, l 2 C) 4 4 T 
310 MeV 

E. Takada, N. Takahashi, T. Yamaya, T. shimoda, and K. Nagatani* 
Cyclotron Institute, Texas ASM University, College Station, Texas 77843 

and 
T. Udagawa and T. Tamura** 

Physics Department, University of Texas, Austin, Texas 78712 

One of the most intriguing problems in heavy-ion physics is to understand 
the reaction mechanism in terms of the colliding energy. For instance, when 
the colliding energy is changed from low to high, the mechanism is expected 
to evolve from the compound to the preequilibrium process and end in fragmen
tation. In recent years, special attention has 
been focused on the features associated with 
reactions from 10 MeV/amu to relativistic ener
gies, and a number of arguments, most of which 
are qualitative, such as phase transition, have 
been made. 

Here we present a study of the mechanism 
at "^10-20 MeV/amu. Special emphasis is placed 
on theoretical analyses applied to various 
reactions^,2>. Using ^ 0 beams from 140 to 
310 MeV, inclusive spectra of many outgoing 
channels were obtained. An example is shown 
in the figure, where the spectra of the 
40ca(16o,l2c) reaction are displayed at various 
angles. The shapes of these spectra change 
with angle; strong peaking, which is seen in 
the high energy region at forward angles, 
diminishes at larger angles. This change is 
also clearly demonstrated in the angular 
distribution, as the high energy component 
falls off rapidly at forward angles, then falls 
off more gradually at larger angles. At lower 
incident energies, the high energy peak is 
less prominent. This feature is quite similar 
to that which we observed in the reaction 
4 0 C a ( 2 0 N e , 1 6 O ) , for which successful theoreti
cal analyses were made in terms of the breakup 
and direct transfer process2'-'). Therefore, 
by applying the same treatment, we can con
sistently understand the reaction mechanism 
in a quantitative fashion. 

•Supported in part by the National Science 
Foundation. 
"Supported in part by the Department of 
Energy. 

M. Ishihara et al. 
(1979) 1949. 
H. FrOhlich et al. 
(1979) 1518. 
T. Udagawa et al, 
1949. 

, Phys. Rev. Lett. 43_ 

, Phys. Rev. Lett. 42 

Phys. Rev. C 2£ (1979) 
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PROJECTILE BREAKUP PROCESS Ca( Ne, Oa) 
E. Takada, T. Shimoda, T. Yamaya, N. Takahashi, and K. Nagatani* 

Cyclotron Institute, Texas ASM University, College Station, Texas 77B43 
and 

T. Udagawa and T. Tamura** 
Physics Department, University of Texas, Austin, Texas 78712 

Studying the continuum spectra of heavy-ion induced alpha-transfer 
reactions, it was found that the (ZOue.^O) reaction has a component in the 
high energy region at very forward angles, for which a projectile breakup 
process was proposed 1' 2). The model assumes inelastic excitation of the 2 0Ne 
projectile into IGo-a scattering states. 

In order to examine this process, 16o-a correlation measurements were 
carried out at 259 MeV incident energy. In the figure, correlation cross 
sections are plotted versus a angle, where negative angles correspond to 
opposite sides of the beam axis. The points at 8 a = ±20° indicate only 
upper limits, since the spectra do not show the peak characteristic of this 
type of breakup, but may, instead. 
indicate the background from other 
processes, such as transfer. The 
solid curves show theoretical results 
normalized to the experimental cross 
section. The shapes of the angular 
correlations and other features 
observed are nicely explained by the 
model, but the theoretical analysis 
overestimates the strength of the 
coincidence cross sections relative 
to the inclusive data. This missing 
strength in the correlation measure
ments must represent a re-scattering 
effect of the breakup a with the 
target nucleus. In fact, including 
such an absorption effect signifi
cantly reduces the outgoing 1 60-a 
strength and can explain the observed 
result. 

'Supported in part by the National 
Science Foundation. 
••Supported in part by the U.S. 
Department of Energy. 
1. H. Frohlich, T. Shimoda, M. 

Ishihara, K. Nagatani, T. Udagawa, 
and T. Tamura, Phys. Rev. Lett. 
42 (1979) 1518. 

2. T. Udagawa, T. Tamura, T. Shimoda, 
H. Frohlich, M. Ishihara, and 
K. Nagatani, Phys. Rev. C 20_ 
(.1979) 1949. 
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ROLE OF GIANT QUADRUPOLE INTERMEDIATES IN RELATIVISTIC GRAZING 
HEAVY ION REACTIONS 

X. J. Qiu* and J.O. Rasmussen** 
In BEVALAC studies with 2.1 GeV/n 1 60 beams the 

formation cross section for 12C is abnormally large compared to 
neighboring products1, and the dispersion and shift in P|| , 
longitudinal momentum, are abnormally small.2 We believe that 
these special features are a consequence of excitation of 16n 
to giant quadrupole (GQR) states («/Ll-20 MeV) which largely 
break-up into l̂ c plus ^He. To explain the small dispersion 
in P|j the break-up must be anisotropic, favoring 90°. 

Using time-dependent perturbation theory and 
constant-velocity trajectories, we calculate theoretically an 
integrated cross section of 0.26 barns for excitation of the 
16o GQR strength on a Pb target. The experimental 1 2 C 
formation cross section 1 is 0.126b. Since the GO. states decay 
by other modes in addition to alpha decay, the agreement is 
satisfactory. Excitation is mainly due to the Woods-Saxon 
nuclear potential, taken as [v[ =130 MeV, d=0.6 Fm, ro^l.2 Fm, but 
is partly electromagnetic. We also calculated other target-
projectile combinations and energies. 
This work was supported by Academia Sinica and by Nuclear Physics 
Division of the U.S. Dept. of Energy under contract no. 
7405-eng-48. 
•Nuclear Research Institute, Academia Sinica, 
Shanghai, P.R. China 
On Leave with the Physics Department, Univ. of California, Santa, 
Barbara, Ca. 
**U.C. Lawrence Berkeley Laboratory, Berkeley, CA 94720 
1. P.J. Lindstrom, D.E. Greiner, H.H. Heckman, B. Cork, and F.S. 

Bieser, U.C. Lawrence Berkeley Laboratory Report LBL-3650 
(1975) unpublished. 

2. D.E. Greiner, P.J. Lindstrom, H. H. Heckman, B. Cork and F.S. 
Bieser, Phys. Rev. Lett. 2^, (1975) 152. 
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SEARCH FOR OPTIMUM CONDITIONS FOR MULTINUCLEON TRANSFER 
IN DEEP INELASTIC COLLISIONS* 

H.C. Britt**, G. Beier, H. Essel, K. Hartel, H. Hopf, 
P. Kienle, H.J. KBrner, W. Mayer, K.E. Rehm, P. Sperr, 

and W. Wagner 
Physik Department, TU-Munchen, 8046 Garching, W-Germany 
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The entrance channel dependence of mass and charge transfer 
in collisions of 2 0 8 P b ions with various target nuclei was inves
tigated at bombarding energies close to the Coulomb barrier. 
Fig. 1 shows the relation between the energy transfer and the 
variances of the charge and mass distributions for various 
systems. We observe: 
i) The number of exchanged 
nucleons is largest for a mass 
asymmetry of about 2 : 1 in the 
entrance channel. This might indi
cate the importance of radial 
boundary matching for the wave 
functions of the transferred 
nucleons. 
ii) The system 2 ?Pb + 1 1 0 P d 
shows the largest widths of both 
mass and charge distributions. 
The variances c| are even larger 
than those of 2 3 B U + Z 3 B U . 
This effect can be related to 
the strong polarizability of 
1 1 0 P d , which is also evidenced 
by a very large deformation, 
e /- 0.7, found for the nuclei of 
the exit channel, 
iii) At incident energies closest 
to the barrier less protons but 
correspondingly more neutrons are 
transferred, which leads to a 
neutron-rich nucleon flow, espe
cially during the initial phase of 
the reaction (open and closed v 
symbols refer to 1180 and 1280 MeV 
incident energy respectively). The suppression of the proton 
transfer can be explained as a barrier effect, whereas the en
hancement of the neutron flow at the lower bombarding energy may 
point at the influence of pair correlations at small energy 
transfer. , 
iv) Additional measurements with l l z S n and Sn as targets show 
larger variances of both mass and charge exchange for the neu
tron rich 1 2"Sn. 

Thus reactions between two heavy neutron-rich nuclei with a 
mass ratio of about 2 : 1 and high polarizabilities and bom
barding energies close to the Coulomb barrier seem to be most 
favourable for the synthesis of very heavy nuclei in deep inelas
tic collisions. 
'Supported by the BMFT, Bonn. 
**Humboldt awardee, LASL, Los Alamos. 
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STRUCTURE INFORMATION PROM ( 1 4C, 1 60) AND ( 1 60, l 4C) REACTIONS ON 
MEDIUM WEIGHT NUCLEI 

H.J.KSrner, G.Korschinek, W.A.Mayer, K.E.Rehm, H.J.Scheerer, 
R.Siemssen"1" and P.Sperr 

Physik-Department, TU-Munchen, D-8046 Garching, W-Germany 

The investigation of collective proton states via the 
(̂ He,n) reactions is severely complicated by the poor energy re
solution obtained in neutron time-of-flight measurements. We 
have therefore employed the heavy ion (1°0,14C) and( 1 4C, 1 60) 
reactions in order to scudy excited 0 + states in the even Zr and 
Sn nuclei. The emerging particles were analyzed in the Q3D 
magnetic spectrograph. With a solid angle of 11 msr and a target 
thickness of 200 ug/cm2 we achieved an energy resolution of 
< lOO keV for the (160,14c) , and 150 keV for the (14c,16o) reac
tion ,respectively. 

Fig. 1 shows two energy 
spectra for the reactions 
9ZMo(14c,16o)9°Zr and 
looMo(14c,16o)98Zr a t 6 7 M e V incident energy. Many levels in 
9°Zr are populated in the two 
proton pickup reaction on 92MO 
including the first excited 
0+ state at 1.76 MeV. contrary 
to this behaviour we observe a 
predominant population of the 
ground state and the first ex
cited 0 + state in 98Zr from the 
reaction on the neutron rich 
1°°Mo nucleus. A similar selecti
vity is observed in the 
114cd(16o,14c)116sn reaction, 
where the two lowest 0 + states 
are excited with equal strength, 
while the transition to the 
first excited 2 + state is 
strongly suppressed. These ex
periments demonstrate that 
structure information can be ob
tained from heavy ion transfer 
reactions which cannot be ex
tracted from light ion studies. 

This work was supported by the BMFT, Bonn. 
Permanent address: KVNI Groningen, The Netherlands. 
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FRAGMENT SPIN ORIENTATION IN THE DEEP-INELASTIC 
REACTION 1 6 5 H O + 1 6 5 H O FROM ANISOTROPY MEASUREMENTS OF CONTINUUM 

GAMMA-RAYS 

R.J. McDonald. D.J. Morrissey, A.J. Pacheco, G.U. Rattazzi, 
C. Schuck, S. Shin, G.J. Wozniak, R.M. Diamond, C.C. Hsu, 
H. Kluge, L.G. Moretto, L.G. Sobotka, and F. S. Stephens 

Nuclear Science Division 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

•The anisotropy (ratio of in-plane to out-of-plane yield) 
of continuum •y-rays emitted in the reaction 165H 0+165H 0 at 8.5 MeV/A was measured to determine the alignment of fragment 
spin as a function of Q-value. Simple friction models predict 
that the transferred spin should be aligned perpendicular to the 
reaction plane. One therefore expects to observe a large 
anisotropy for rotational nuclei which decay predominantly by 
stretched E2 transitions. Symmetry in the entrance channel 
allows us to study this effect over all Q-values. 

The solid line in the Figure 
shows the particle spectrum taken at 
27°in the lab. The spectrum 
clearly shows a broad elastic and 
quasi-elastic peak at =110 MeV and 
the deep-inelastic peak at =300 
MeV. Two redundant systems, each 
consisting of a Si particle detector 
and two Nal detectors 
(in-plane/out-of-plane)were used to 
measure multiplicities and S I B 
anisotropy. 

The ratio of 
efficiency-corrected coincident y's 
to particle singles was used to 
determine multipilicity and 
therefore angular momentum per 
fragment (corrected for neutron 
emission and W(e). As seen in the figure (squares), the angular 
momentum per fragment (I) rises with increasing energy loss to a 
maximum and remains there through the DI region. The anisotropy 
(circles) reaches a maximum of about 2.2, before the 
multiplicity peaks, and decreases rapidly across the DI region. 
The function W(9) depends both on the fraction of dipoles 
emitted per reaction and the ratio a 2/I 2, where <? is a 
measure of the random fluctuations in angular momentum. 
Assuming reasonable % dipoles (from compound nuclear work) we 
may extract an experimental o2- We explain the observed o 2 

in terms of thermal excitation of angular momentum bearing modes 
according to the model of Moretto and Schmitt.l 

*This was supported by the Division of Nuclear Physics of the 
U.S. Dept. of Energy under contract no. 7405-eng-48. 
1. L.G. Moretto and R. P. Schmitt, Phys. Rev. C 7\, (204) 1980. 
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TWO-PARTICLE CORRELATIONS IN HIGH ENERGY 
NUCLEAR COLLISIONS 

Jorn Knoll* and Oflrgen Randrup 

Nuclear Science Division, Lawrence Berkeley Laboratory 
Berkeley, CA 94720 USA 

We discuss the correlations of two particles (proton-proton, proton-
pion) in high energy nuclear reactions by means of the linear-cascade model 
(rows on rows).l«2 I t describes the observed cross sections in terms of 
contributions arising from dynamically independent groups of interacting 
nucleons. In addition to a correlated part where both observed particles 
arise from the same group, there is also a significant background contribu
tion from the particles originating from two independent groups. The con
struction of the one and two particle spectral functions by means of a Monte 
Carlo simulation method allows the inclusion of various dynamical effects, 
such as the production of delta isobars or precritical scattering. 

The presently available data3 express the amount of correlation by a 
ratio R of the in-plane to out-of-plane coincidence cross sections regis
tered in a tag counter and a spectrometer. Our in i t i a l studies indicate 
that not only the height of the quasi-elastic peak, but also its position in 
momentum space may be sensitive to the background term and to correlations 
arising from the sharing of energy and momentum among more than two parti 
cles. Its shape reflects the width of the Fermi momentum distribution and 
the windows set for the tag counter. 

Footnotes and References 

*0n leave of absence from Max Planck Institut fiir Kemphysik, Heidelberg, 
Germany; supported by the Heisenberg Stiftung, Germany. 

1. J . HUfner and J. Knoll, Nucl. Phys. A290 (1977) 460 
J. Knoll and J. Randrup, Nucl. Phys.~A~324 (1979) 445 
J. Randrup, Phys. Lett. 76B (1978) 54? 

2. J . Knoll, Phys. Rev. C 20T1979) 773 
J. Randrup, Nucl. Phys.~A~316 (1979) 509 

3. S. Nagamiya, et a l . , J . Phys. Soc. Japan 44, Suppl. (1979) 378, and 
I . Tanihata et a l . , to be published. 
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SPECTROSCOPY OP THE (fp)-SHELL NUCLEI WITH MUXTINUCLEON TRANSFER REACTIONS* 

B. T. Kim and K. Nagatani 

C y c l o t r o n I n s t i t u t e , ""exas ASM U n i v e r s i t y , C o l l e g e S t a t i o n , Texas 77843 

and 

S. Kubono, J. C. Sens, and P. D. Bond 

Brookhaven National Laboratory, Upton, New York 11973 

The use of multinucleon transfer processes induced by ^10 HeV/amu heavy 
ions has proved to be quite useful in selectively studying high-spin particle 
hole states 1' ). Such studies, however, have been made extensively only in 
the light nuclei region. We have performed a number of experiments which 

«>Ca 

i 
•^Wyfc. 

e x t e n d t h e s e s t u d i e s i n t o the beg inning of the 
shows a c o l l e c t i o n of 
e x p e r i m e n t a l spec tra of 
v a r i o u s 2 - and 3-nucleon 
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by a 70 HeV 1 0 B beam on 
4 0 , 4 2 , 4 4 c a t a r g e t s us ing 
t h e Brookhaven tandem, 
t o g e t h e r wi th a QDDD s p e c t r o 
graph . Strong s e l e c t i v e 
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PROJECTILE FRAGMENTATION* 

S. L. Tabor, L. C. Dennis, K. Abdo, 
G. Neuschaefer, and L. Theisen 

Department of Physics 
Florida State University 
Tallahassee, FL 32306 

The continuum spectra of particles lighter than the projectile have 
been investigated for beams of 36 MeV 6Li and 7Li, 63 MeV 1 Z C , 62 MeV '""N 
and 70 MeV ' S0 on targets of ! 2 C , 2 7 A 1 , ''Sc, and 6 3Cu. A gas-ionization 
counter-Si surface barrier detector telescope and a conventional telescope 
were used for Z identification. 

Examples of the spectra obtained are shown in tlie figure for an "'N 
beam. The energies corresponding to the same energy per nucleon as that of 
the beam are shown by arrows for various final masses as indicated. The 
C, B, and Be spectra form broad peaks centered near these energies, which 
are appropriate for particles traveling with beam velocity. In general the 
forward angle spectra of particles lighter than the projectile appear to 
peak at the beam velocity, a signature of projectile fragmentation. This is 
similar to what has been observed for light-ion projectiles ' ' . 

Further work is in progress to characterize the production of these 
fragments as a function of beam energy, detection angle, target mass, and 
binding energy. Coincidence measurements are planned. Preliminary calcu
lations using a simple breakup model*' roughly reproduce the shapes of the 
energy spectra and angular distributions. 

•Supported in part by the 
National Science Foundation 

1. J. R. Wu, C. C. Chang, and 
H. D. Holmgren, Phys. Rev. 
Lett. 40 (1978) 1013. 
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H. Sakaguchi, Y. Toba, A. Goto, 
F. Ohtoni, and N. Nukonishi, 
Nucl. Phys. A311 (1978) 173. 

3. R. Serber, Phys. Rev. 12_ 
(1947) 1008. 

30 40 50 
Energy(MeV) 

629 



FUSION CROSS SECTIONS FOR SYMMETRIC LIGHT SYSTEMS + 

J . J . Kolata 

Physics Department 
University of Notre Dame 

Notre Dame, Indiana 46556 

The limiting angular momentum for fusion in the C + C and O 16„ 
systems displays some interesting phenomena which are not easily explained 
on the basis of c u r r e n t understanding of the ion-ion potential . In par t icular , 
the "trajectory"of L c , the experimental critical angular momentum, shows 
discontinuities in slope at successive even values of £, as is appropr ia te 
for systems of identical bosons, but the t ransi t ions are much more ab rup t 
than predicted on the basis of optical-model calculations using the bes t 
potentials available in the l i terature. Secondly, at high energies t he t r a 
jectory of L c a p p e a r s , on the average , to display quasi-rotational behavior 
with superposed oscillatory s t ruc tu res similar to those described above . 
The low-energy extension of this line passes through the origin of t he plot, 
i . e . , the J = 0 ground s ta te of the compound system, and has a moment-of-
inertia parameter appropriate to the ground s ta te band. Finally, t h e t rans i 
tion between the low-energy and h igh-energy regimes is also astonishingly 
abrup t , and correlated with characterist ic "resonances" in some of the direct 
reaction channels . 

All of the fea
tures discussed 
above appear in the 
f igure, which shows 
the experimental L c 

for the l&O + ' 6 0 
system, compared 
to optical-model 
calculations using 
the Gobbi potential^). 
The curve labeled 
Hg is the grazing 
angular momentum 
for this potential 
and He is the c r i t i 
cal angular moment
um for the predicted 
total reaction cross 
sect ion.The s t ra ight 
line passing through 
the data at high-
energy extrapolates 
to the origin of the 
plot and has a slope 

parameter of 165 keV, which may be compared to the value of 180 keV obtained 
from a shell model calculation of the high-spin s ta tes of 32s due to B . H . 
Wildenthal. 
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+ This work suppor ted in part by the U . S . National Science Foundation. 

1. A.Gobbi, R. Wieland, L. Chua, D. Shapi ra , and D.A. Bromley, 
Phys . Rev. C 7 (1973) 30. 
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ENERGY DISSIPATION IN RELATIVIST1C NUCLEAR COLLISIONS 
H. H. Gutbrod, W. G. Meyer, A. M. Poskanzer, A. Sandoval, R. Stock, 

C. H. King, G. King, Nguyen Van Sen, and K. L. Wolf 
Gesellschaft fur Schwerionenforschung, Darmstadt, West Germany, 

and Lawrence Berkeley Laboratory, Berkeley, CA 94720 USA 
In central collisions the disintegration of a large target nucleus by a 

light projectile should yield information on the energy dissipation from 
the incoming projectile to the target. If there is no transverse momentum 
transfer from the participants to the spectator a hole is punched into the 
target nucleus and little or no change in the decay pattern of the target 
spectator will be found as function of the projectile energy. However, a 
change will be seen with increase of the projectile size. On the other 
hand, if there is a strong and fast dissipation of the projectile's kinetic 
energy as it gets stopped in the target nucleus, the whole target nucleus 
will share the incident kinetic energy. 

Uranium was bombarded with various projectiles from protons to 4"Ar 
at energies from 250 MeV/n to 2.1 GeV/n. A surprising result is observed 
in Fig. 1 where the associated multiplicity for protons of 40 to 200 HeV at 
90° lab (cf. Ref. 1) is plotted vs the total kinetic energy of the projec
tile. A smooth, nearly linear relationship between the mean associated 
multiplicity and the total kinetic energy is observed, regardless of the 
geometrical size of the projectile, or whether the incident energy is at 
the pion-threshold or way above it. In fact not only the means but also 
the observed multiplicity distributions are nearly the same as is shown for 
two projectiles with 42 GeV kinetic energy in Fig. 2. 

These observations support models where a high density is reached early 
in the diving stage. Then, in the expansion phase, the energy is spread 
over most of the nucleus. Transparency is therefore highly unlikely up to 
incident energies of 2.1 GeV/n. 
1. A. Sandoval, H. H. Gutbrod, W. G. Meyer, A. M. Poskanzer, R. Stock, 

J. Gosset, O.-C. Oourdain, C. H. King, G. King, Ch. Lukner, 
Nguyen Van Sen, G. D. Westfall, and K. L. Wolf, Phys. Rev. C , in press. 
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COULOMB EFFECTS ON LOW Z FRAGMENT PRODUCTION IN CENTRAL RELATIVISTIC 
NUCLEAR COLLISIONS 

A. Baden, M. Freedman, H. H. Gutbrod, D. J. Henderson, S. Kauffmann, 
K. Karadjev, M. R. Maier, V. Manko, W. G. Meyer, J. Peter, H. G. Ritter, 

E. P. Steinberg, H. Stelzer, A. I. Warwick, F. Weik, H. Wieman, and 
B. D. Wilkins 

Gesellschaft fur Schwerionenforschung, Darmstadt, West Germany, 
Lawrence Berkeley Laboratory, Berkeley, CA 94720 USA, 
and Argonne National Laboratory, Argonne, IL 60439 USA 

Using TOF telescopes and an array of plastic scintillator detectors, in 
several experiments at the Bevalac, we have measured the multiplicities of 
fast charged particles associated with low Z target fragments from relativ-
istic heavy ion collisions. We find that fragments of mass approximately 
equal to that of carbon originate in violent high multiplicity events 
(<m> = 15). The energy spectra of these fragments (6 <_ 1 £ 12) at 90° 
exhibit a peak which increases in energy with increasing fragment charge and 
which indicates a Coulomb barrier much lower than that of the undeformed 
composite system of target and projectile. 

The measured multiplicities of fast charged particles allows an estimate 
to be made of the charge removed from the composite system. We find that 
this mechanism is inadequate to fully explain the reduction of the Coulomb 
barrier. Using the measured peak energies of the fragments and the slope of 
the spectra for the apparent temperature, the apparent second body for car
bon emission has an atomic number of about 42 and a reduced Coulomb radius 
of rrj - 2.0 fm. Z = 42 is small compared to the upper limit of Z = 65 
which is given by Z p r o j e c t i i e

 + Ztarget - Z c a rbon - <"»• T h e large 
apparent Coulomb radius indicates a highly deformed emitting system. 

The observed violence of these collisions and the drastic reduction of 
the Coulomb barrier, together with separate evidence*) for a coupling of 
the "fast1 and 'slow' processes, points away from a slow evaporation picture 
towards an emission mechanism which may depend upon the fast stage of the 
collision and in which the Coulomb force plays a more complicated role. 

Further measurements are being analyzed in which a second fragment is 
looked for in coincidence with the low Z fragment, as a function of angle. 
These data will elucidate the relative importance of deformation and charge 
removal in determining the effective Coulomb barrier, and reveal any angular 
dependence of the Coulomb effects. In addition, a more elaborate multi
plicity array, consisting of a TOF wall of scintillators downstream of the 
target, will yield information on the momenta of the fast charged particles. 

1. W. G. Meyer, H. H. Gutbrod, Ch. Lukner, A. Sandoval, submitted to Phys. 
Rev. C. 
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POLARIZATION OF PREEQUILIBRIUM PROTON EMISSION IN THE 93Nb+1'*N REACTION 

T. Sugitate, T. Nomura, M. ishihara, Y. Gono, H. Utsunomiya, 
K. Ieki and S. Kohmoto 

Cyclotron Laboratory, The Institute of Physical and Chemical Research, 
Wako-shi, Saitama, 351, Japan 

Protons emitted in heavy-ion reactions often exhibit a forward-peaked 
angular distribution and a continuous energy spectrum enhanced at the high-
energy part when compared with that expected in compound reactions. In order 
to study the reaction mechanism involved, we have measured the polarization 
of such protons for the first time by the double-scattering method using 
a Si detector as the analyzer. 

The figure shows a schematic view of the present polarimeter, which is 
similar to the one studied by Martin et al. 1), except that the asymmetry 
detectors consist of AE-E Si-counter telescopes. This is necessary to 
eliminate possible backgrounds such as Y rays, electrons and neutrons which 
otherwise cannot be discriminated from protons having a continuous energy 
distribution. The AEj Si counter 
works for another particle identi
fication when the sum of signals 
from the other detectors is 
treated as an E signal, making it 
possible to distinguish elastic 
from inelastic scatterings occur
ring in the analyzer detector. ° («„», 
The experimental analyzing powers """""(SLU, 
of Si reported in ref. 1 ) are used <i| amna 
to calculate those of the present uoow) 
assembly as a function of incident i — , 
proton energy. The analyzing powers 
thus obtained are always positive in the energy region of present interest 
(6-14 MeV), though they vary from 0.1 to 0.5 in this range. 

A 9 mg/cra2 thick Nb foil with a 35 ym Au backing was bombarded with 
95 MeV '''N ions from the IPCR cyclotron. The polarization measurement was 
performed at 20° with respect to the beam, where the emitted protons have a 
spectrum peaked around 7 MeV with a slow exponential fall toward the higher 
energy characteristic of the preequilibrium (PE) emission 2). The backing 
is thick enough to stop the beam, thus protecting the AEj counter from strong 
elastic scattering. The proton yield from the hacking was negligible. The 
left-right asymmetry deduced in the usual manner was found to be 4.2x2.1, 
3.3*1.8 and 4.0t2.3 % for 6-8, 8-10 and 10-14 MeV protons, respectively, 
definitely indicating positive polarization (we folic? the Madison convention 
for the sign) in all cases. The averaged polarization of protons in the 
range of 6-14 MeV was estimated to be 1314 %. 

The p-y coincidence measurement performed in the same reaction has shown 
that most of protons in question originate from collisions leading to fusion, 
suggesting that the relevant emission is due to the PE decay of a composite 
(projectile plus target) system as proposed in ref. 2 ) . It can be shown3) 
that if the total angular momenta of an excited nucleus are polarized, protons 
emitted during its statistical decay are also polarized by 20-30 % of the 
initial polarization in most cases. The present result therefore indicates 
strong positive polarization of the composite system mentioned above. 

1. J. P. Martin et al., Nucl. Instr. and Meth. 113 (1973) 477 
2. H. Utsunomiya et al., Nucl. Phys. A334 (1980) 127 
3. T. Nomura, a contribution in this conference 
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PROJECTILE FRAGMENTATION ACCOMPANIED BY INCOMPLETE FUSION* 
J. R. Uu and I. Y. Lee 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

A model calculation based on project i le fragmentation, pre-equilibrium 
emission and evaporation emission is formulated to describe the par t i c le -
par t ic le angular correlations and particle-gamma correlations in complex pro
j e c t i l e induced reactions. The reaction is assumed to take place in two 
steps. The pro ject i le breaks up in the f i r s t step producing a fast e j e c t i l e , 
while the remainder of the project i le fuses with the target. In the second 
step, the composite nucleus decays via par t ic le and Y emission. The labora
tory d i f ferent ia l cross section for fragment x and decay part ic le y in coin
cidence is given by 

A d 2 a 
dn xdnydE xdEy ~ d n x d E x dlJydEy «iW*) S(E-E-E R-U-Q) 

- VAi^x-5Viz-R<»)Sfi? • y u t y 

«(V?x-5)«(Ep-Ex-ER-U-Q) 

u < w i ' - i ^ x - 5 V i 2 - < A s > e x p ( - i & -
The model gives a good description of the production of fast p ro jec t i l e - l i ke 
a particles accompanied by incomplete fusion for ^OGd^Zc.axn^oB-XEr r e a c _ 
t ions at fnur energies (see f igure) . 
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*This work was supported by U.S. Department of Energy, under contract 
W-7405-eng-26 with the Union Carbide Corp. 
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PHASE SPACE DISTRIBUTIONS OF TDHF COLLISIONS 
M. Prakash, S. Shlomo, B. S. Nilsson and J. P. Bonderf 

The Niels Bohr Institute 
University of Copenhagen 
DK-2100 Copenhagen 0 

DENMARK 
We have calculated the Wigner transform , of 3 dimensio

nal (2-d,head on) TDHF solutions, for the 16Q-16O reaction at 
1.25 MeV per nucleon, cm. energy. Numerical integrations of the 
TDHF equations were done with a time step of At = 5xl0-24sec and space step of A*x = Az =0.4 fm in a mesh of size 
7.6 fm x 21.6 fm. As a function of time t, we study the 
Wigner function f (?/?>,t)= f(z ,Di,p~fpx), where D A and "pj. 
are the coordinate vectors perpendicular to the z 
respectively. 

In the figure, we show contour plots of f(z,pz) neutrons, where the perpendicular 
components of space and momentum 
have been integrated out. Time is in 
units of 10 _ 2 1sec. The contour 
values for the solid lines are 
0.2-1.0(0.4), and for the dashed 
lines 0.02-0.10(0.08). The 
corresponding plots for protons are 
very similar. These plots clearly 
show the spilling over of nucleons 
from one nucleus to the other. While 
we do not observe the fast emission 
of nucleons at earlier times (PEPs), 
there are some indications of 
nucleon emission into the continuum 
at later times. Itnpid changes of the 
distribution func ion in the neck 
region are also seen at later times. 
During the interaction time, the 
momentum distributions of micleons 
in the 7.)/ 0 space (space integrated 
f's), differ considerably from a 
thermalized distribution. In this 
contribution we shall also present 
results of f, with other interesting 
combinations of variables throwing 
light on the time development of the 
quantum phase space distribution 
function, and compare them with on^ 
dimensional results2,3). 

Further investigations at 5 and 
10 MeV per nucleon cm. energy arc "'" ~'° 'm in progress with a less coarse mesh. ' 
1. E. P. Wigner, Phys.Rev. _40 (1932) 749. 
2. H. S. Kohler and H. Flocard, Nucl.Phys. A323 
3. H. K. Tang, T. Dossing, H. Esbensen and C. H 
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MOLECULAR SINGLE-PARTICLE EFFECTS IN THE l 60+ 2 5Mg AND 1 70+ 2 4Mg 
REACTIONS1' 

Jae Y. Park + + and Werner Scheid 
Institut fur Theoretische Physik der Justus-Liebig-Universitatr 

Giessen, West-Germany 
Walter Greiner 

Institut fur Theoretische Physik der Johann-Wolfgang-Goethe-
Universitat,Frankfurt am Main, West-Germany 

In order to examine the possible effects of the nuclear Lan-
dau-Zener mechanism, namely the promotion of nucleons at level 
crossings1, we have calculated the two-center single-particle 
neutron level diagrams for the 160+25Mg and 17o+24ng reactions 
using the asymmetric two-center shell model (ATCSM). The parame
ters in the ATCSM are determined by fitting the experimental 
single-particle levels near the Fermi surface, and using the 
Nilsson model for the deformed nucleus 25]«[g. 

The neutron level structure of the ATCSM for the reaction 
16o+25Mg+41ca is shown in the figure. It is seen that the 
1d5/2 (fi=1/2)level in 25Mg which is initially occupied by the va
lence neutron has an avoided crossing with the 2s1/2 level of 
2 5Mg near 5-6 fm. Furthermore the later level has a second avoi
ded crossing with the 1d3/2 (£1=1/2) level of 2 5Mg near 6.5-7.0 fm, 
thus enhancing the inelastic excitation of neutron. The avoided 
crossing of the 1d3/2 (£1=1/2) level 
of 25 M g with the 1d5/2 (£1=1/2) level of 1f>o near 5 fm gives rise to the 
neutron transfer, 16o+25Mg->-170+24Mg. 
The avoided crossing of the 1d5/2 
(£2=3/2) level of 25Mg with the 
1d3/2(£1=3/2) level of 2 5Mg near 3.5 
fm can also enhance the neutron in
elastic excitation of 2^Mg. The ro
tational coupling between the 1d5/2 
(£1=1/2) level of 2 5 M g a n d t n e 1d3/2 (£1=3/2) level of 2 5Mg near 4-5 
fm can play a role in the inelastic 
excitation process and the rotatio
nal coupling between the later level 
and the 1d5/2 (£2=5/2) level of 1 6 0 
near 5-6 fm can induce the neutron 
transfer. 

It is hoped that the measurement of excitation functions for 
inelastic scattering and neutron transfer reactions for the 
1 6o+ 2 5Mg and 17o+24Mg systems will give an experimental proof 
for molecular single-particle orbitals. 
t This work was supported by DFG, GSI and BMFT. 
ttPermanent address: Department of Physics, North Carolina State 
University, Raleigh, North Carolina 27650 

1. J.Y. Park, W. Greiner and W. Scheid, Phys. Rev. C21̂  (1980) 
(in press) 
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SOLVING COUPLED EQUATIONS BY ITERATION FOR HEAVY ION COLLISIONS 
L.D. Tolsma 

Eindhoven University of Technology, Eindhoven, The Netherlands 
The quantum mechanical description of inelastic scattering processes 

with multiple excitation needs the solution of a set of coupled linear second 
order differential equations. This set can be rewritten as an equivalent set 
of coupled integral equations. In a recent 
study l)of heavy ion multiple Coulomb ex
citation of 238u by Kr up to a state with 
I=24fi, use has been made of Airy functions 
as piecewise analytic reference solutions. 
This makes it possible to evaluate analy
tically the integrals that arise in the 
set of integral equations. In case the 
dimension of the set becomes very large, 
the differential equations can only be 
solved efficiently by iterating the inte
gral equations. Two iteration schemes, an 
inward-outward and a perturbative or se
quential one, were investigated. 

To include also nuclear excitations 
the optical model potential over a radial 
interval has to be approximated by a com
plex linear reference potential, yielding 
Airy and modified Hankel functions with 
complex arguments as piecewise analytic 
reference solutions. This procedure has 
been applied to a test case dealing with 
multiple excitation of 238u by 286 MeV Ar 
up to a state with I=14fi, A calculation 
with Kr as a projectile is in preparation. 
It turns out that the inward-outward ite
ration scheme is an efficient one. 

In the figure the quantum mechanical 
excitation probabilities, calculated in 
the center-of-mass system, are plotted for 
the various target states against the 
scattering angle 0. The optical model 
parameters mentioned are taken from 
ref. 2). The solid curves show the proba
bilities for Coulomb-nuclear excitation 
(BN=0.237, BN=0.067, BC=0.2121, BJpO.0667). 
The dashed curves represent the result ex
pected for pure Coulomb excitation. The 
figure shows also the elastic scattering 
experimental data of ref. 2). it is remar
kable how they disagree with the elastic 
0 + curve, while on the contrary the agree
ment with the curve of summed probabilities 
is worth mentioning. Presumably, the expe
rimental data do not represent elastic 
events only. 
1. L.D. Tolsma, Phys.Rev. C 20, 592(1979) 
2. J.R. Birkelund, J.R. Huizenga et a l . , 

Phys. Rev. C 13, 133(1976) 
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SURPRISAL ANALYSIS OF ENERGY SPECTRA IN HEAVY-ION TRANSFER REACTIONS 
J. S. Karp and S. G. Steadman 

Laboratory for Nuclear Science 
Massachusetts Institute of Technology 

R. D. Levine 
Department of Physical Chemistry 

The Hebrew University of Jerusalem 
and Y. Alhassic + t 

W. K. Kellogg Radiation Laboratory 
California Institute of Technology 

Pasadena, California 91125 
Heavy-ion transfer reactions to highly excited states are examined in 

terms of surprisal analysis — a constrained phase space approach. The ex
perimentally measured energy spectra were found to be well described (Fig. l) 
by a distribution of maximal entropy subject to one or two constraints. The 
dominant constraint is the mean kinetic energy above the Coulomb barrier, 
while the second constraint is related to the width of the exciton distri
bution. A general dynamic analysis implies that the final mean value of the 
constraint should be linearly dependent on its initial value. He have derived 

0 
«"Th( I S0,KC) 

to 12000 f\Eiob • K>5 MeV 
1-
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Fig. 1: d2o/dE*dn vs . exci tat ion 
energy E*: the experimental 
(dots) and the one constraint 
(continuous l ine) distributions •"• j a 3 i~ 5 

AN 
such a sum rule from a simple model assuming momentum matching and tangential 
f r i c t i o n . The model has only one adjustable parameter a which i s Independent 
of the different exit channels and the i n i t i a l bombarding energy. To verify 
the v a l i d i t y of this sum rule we have performed a ser ies of measurements for 
the reactions 1 5 N + 2 3 a T h , 181 i a (at 86, 95, 103 MeV of incident energy), 1 6 0 + 

SSSTh (at 97, 105, 115, 125 MeV) and 3 5 c l + l a i j a (205 MeV). Some of the re
su l t s are summarized in Fig. 2, where the predictions of the model (continuous 
l i n e s ) are compared with the observed optimal Q value in the 1 6 0 + 2 3 2 T h reac
t ion as a function of the number of transferred nucleons AN. The analysis 
suggests that a/p.^ (u^ i s the incident reduced mass) i s independent of the en
trance channel. In summary, we have demonstrated that a l l the energy spectra 
for di f ferent exit channels and bombarding energies can be reconstructed from 
one common parameter ex. The dynamical information needed for such a recon
struct ion can be extracted from a simple sum rule. 

Supported in part by the NSF |"PHY79-23638], the DOE [EY-76-C-02-3069 ] and 
the Air Force Office of Science Research [AFOSR 77-3135]. 
Chaini Weizmann Postdoctoral Fellow. 
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COULOMB EFFECTS IN RELATIVISTIC NUCLEAR COLLISIONS 
ttt Cugnon and S. E. Koonin 

W. K. Kellogg Radiation Laboratory 
California Institute of Technology, Pasadena, California 91125 

Because of their light masses, charged pions produced in relativistic nu
clear collisions are strongly influenced by electromagnetic forces. Hence, it 
is possible that the Jt /jt~ ratio is sensitive to the time evolution of the 
charge density. We investigate this point in a classical model. Let S(r, t,b, 
p$) be the probability of creating a pion at the space-time point (r,t) with 
momentum pj during a collision with impact parameter b. The inclusive cross 
section will be 

d o 
A 3 ?. f*HA«"-*>$\%\ 

0.5 

"T" 
Ne+NaF 

i.O 
— i — I — r 

400 MeV 
1.5 

where pj is the final asymptotic momentum, calculated by integrating the clas
sical equations of motion under the Lorentz force, and the integral is evalua
ted by Monte-Carlo methods. The 
Lorentz force corresponds to the charge 
distributions generated by a "cascade" 
calculation of the nuclear collision.1'' 
In the simplest approximation, the dis
tributions are given by three expanding 
gaussians: one participant-like and two 
spectator-like parts. The source func- io 
tions S is localized in (r,t) near the 
participants. 1 « M 

The figure shows how the results 
compare with a measurement' of the 
it"/it+ ratio at 0°. The agreement ob
tained for the peak around the projec
tile rapidity indicates that the expan
sion of the spectators is well described. 
Additional findings are: (l) the value 
of this ratio at 0° is fairly insensi
tive to the source S, i.e., the way the 
pions are produced. (2) the value of 
this ratio at 0° is related to the ex
pansion of the participants. It is 
evident that pi-mesic atoms are being 
formed in such reactions, possibly 
around exotic spectator fragments. 

Additional study of other regions 
of phase space will lead to information 
about the source function from inclu
sive measurements and nance open the 
possibility of detecting exotic phenomena. 

J I i I L 
Tern 

Fig. 1. Rat io of the it" to it + 

yield a t 0° for Ne+NaF a t E/A = 
kOO MeV. 

t t, 
tt' Supported in part by NSF grants PHY77-21602 and FHY7G-83685. Permanent address; University of Liege, Institut de Physique, B-U000, 

Sart-Tilman, Belgium. 
Alfred P. Sloan Foundation Fellow. 

1. J. Cugnon, Phys. Rev., in press. 
2. W. Benenson et al., Phys. Rev. Lett. U3 (1979) 683. 
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D I S S I P A T I O N OF ANGULAR MOMENTUM IN INCOMPLETE DEEP- INELASTIC 
2 0 N e + 1 6 8 E r SCATTERING AT 1 3 . 5 MEV/N+ 

W. Dunnweber, W. H e r i n g , H. P u c h t a , W. Trautmann, and G. Wa l t e r 

S e k t i o n P h y s i k , U n i v e r s i t a t MQnchen, 8046 Garch ing , Germany 

H. Homeyer 

Hahn-Meitner-Institut fur Kernforschung, 1000 Berlin, Germany 

The multiplicity of Y - r a Y s ' H^. from the 270-MeV Ne+ Er reaction has 
been measured with a 13 cm. 13 cm Nal crystal in coincidence with the projectile 
like fragments detected at 35° which is 15" behind the grazing angle. In the 
figure we show as a function of the light-fragment Z-number the values of H-, 
obtained in the centers of the quasi-elastic (q.e.) and deep-inelestic (d.i.) 
groups. The heavy-fragment spin is given by Is2My in good approximation for 
MySS. On the other hand, the y-ray spectra establish a rather weak radiative 
strength of the light fragments with Z<9. 

For q.e. events, the rate at which I increases with the projectile's loss 
of mass is very small in view of the grazing angular momentum ^-graz"142 ^' 
Probably, fast light particles as observed in a similar system account for 
the major part of the loss of angular momentum, l^-l^. 

Our data for d.i. events may serve to localize these events in the vast 
span in J-space between the critical value for complete fusion , £ c r i t . = 6 4 "• 
and I , which is dominated by the incomplete fusion reactions. Rigid 
rotat?onZof the di-nuclear systems would result in fragment spins confined to 
the hatched area in the figure where the lower limit corresponds to l i = S.c .,_-
Our data are in clear contradiction to that assumption: (i) Independent cf 
the fractionation of I., the amount of I in the Z<9 channels is considerably 
below the sticking limit although the exit channel energy is centered close 
to the Coulomb barrier, indicating complete equilibration of the relative 
motion, (ii) For systems displaying a mass drift towards increasing asymmetry, 
as observed in the present case, I should increase rapidly with increasing 
asymmetry in contrast to the slow decrease observed. To explain our data we 
propose the picture of sticking after break-up. In a simple version, a given 
light fragment X with mass M<20 originates most probably from that parting 
wave with £. equal to the critical value £ c r i t

( x ) fgg t h e f u s i o n o f x + E r 

after break-up of the projectile. Sticking of the X+ Er system, rotating 
with angular momentum Z .,(x)#M/20, 
results in the dashed curve which I 
agrees reasonably with the data, indi
cating that equilibrium of the rotatio
nal degrees of freedom is reached in 
the deep-inelastic process after fast-
particle emission. 

I •fThis work was supported in part by 
the BMFT 
1) H. Homeyer et al. , Proc. Symposium 

on Heavy Ion Physics, Brookhaven, 
1979, ed. J. Barette and P. D. Bond, 
p. 769 

2) K. Siwek-Wilczyiiska et al. , Phys. 
Rev. Lett. 42 (1979) 1599 
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FISSION BARRIER OF '^ 3Tb* + 

F. Plasil, R. L. Ferguson, R. L. Hahn, F. E. Obenshain, 
F. Pleasonton and G. R. Young 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 
The increased fissility of systems with high angular momenta makes it 

possible to deduce fission barriers of relatively light nuclei. To accom
plish this for a given case, it is necessary to measure, not only the fission 
excitation function, but also the excitation function for evaporation resi
dues. The results can be analyzed by means of fits with statistical model 
calculations in which the variation of fission barriers with angular momentum 
is given by the rotating liquid drop model.' The fission barrier of the non-
rotating system, Bx, and the ratio of the level density parameter for fission 
to that for particle emission, a-/a v, are the two adjustable parameters. 
Beckerman and Blann have analyzed several systems and have reported values 
of B f that ranged from 51% to 65% of the calculated liquid drop values.2 

We have measured fission cross sections, a and evaporation residue 
cross sections, o F R , for ' ZC + 141Pr and for 20fje + 133cs at several energies. 
Both reactions leaa to the compound nucleus 1 5 3 T D * . The fission excitation 
functions are shown in the figure. The measurements extend to much lower ?, 
values than those considered in Ref. 2. The value of B* obtained by means 
of the statistical model fits was found to be very sensitive to the slope of 
the fission excitation functions, especially at the lowest energies, and 
rather insensitive to the absolute 
values of o E R . The solid curves in 
the figure indicate a simultaneous 
fit with B, = 28.5 HeV and a f/a v = 
1.08. The difference in fissility 
between the two systems is due to the 
larger angular momenta involved in the 
Ne + Cs case. Since both excitation 
functions are described with the same 
values of B- and a^/a^, we conclude 
that the variation of the fission 
barrier with angular momentum is 
adequately described by the rotating 
liquid drop model.' The deduced B f 

value of 28.5 ± 1.7 MeV is about 83% 
of the liquid drop value, in excellent 
agreement with recent calculations of 
Holler and Nix. 3 The very low 
B f values of Ref. 2 were obtained due to 
one or more of the following effects: 
a, values have not been determined at 
sufficiently low energies; ranges of 
excitation energy are too limited; and 
(in some cases) deeply inelastic events 
contributed to the apparent fission 
cross sections. 

1 10° 

TO SO 90 100 
EXCITATION ENERGY (Utv) 

This work is supported by the Division of High Energy and Nuclear Physics, 
Office of Energy Research, U. S. Department of Energy, under contract W-
7405-eng-26, with the Union Carbide Corporation. 
1. S. Cohen, F. Plasil and W. J. Swiatecki, Ann. Phys. (N.Y.) 82 (1974) 557. 
2. H. Beckerman and H. Blann, Phys. Lett. 68B (1977) 31. 
3. P. Mb'ller and J. R. Nix, Proc. Workshop on Nuclear Dynamics, Granlibakken, 

California, 1980, Report L3L-10688 (1980). 
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COULOMB FISSION OF 2 ^ U AND "jjTh BY VERY HEAVY PROJECTILES 

V. E. Oberacker t Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

T. Pinkston , H. Kruse , and W. 
University of Frankfurt 
Frankfurt, West Germany 

Greiner 

Coulomb fission of actinide nuclei (2||U, 2| 2Th) by very heavy pro
jectiles (50 <. Z p <. 92) is studied within a semiquantal theory. Numerical 
coupled channels calculations show the following characteristics of the 
Coulomb fission (CF) process: 

a) Prompt fission near the distance of closest approach is found to be 
negligible. Typical fission times are on the order of Trr - 1.5 x l o - 2 0 s. 

b) The fragment angular distributions follow roughly a l/sine^ pattern, 
but there are deviations at low incident energies. 

c) Collective rotations play an important role (lowering of the ef
fective barrier height Ef(J)). 

d) As a consequence of multiple excitation, the theory predicts a 
strong dependence of the CF probabilities on the projectile charge number, 
P C F(180°) - ( Z p ) 6 in the case of 2 3"U at a given incident energy E/E C o g 1

l>. 
This result has been confirmed by recent GSI experiments2' (see figure). For 

a 2I 2Th target, the increase with Z p ^ is even steeper. 
e) The theoretical excitation 

functions for aSsn, 7HV •» 2||U are in 
good agreement with recent GSI data 2' 
at E < 0.90 E C o u l , i.e. in the "pure 
CF region" where the electric inter
action dominates (see figure). Some 
deviations at higher energies are due 
to the predominant nuclear force. The 
nonexistence of a Coulomb-nuclear 
interference minimum near Er;0„-[ is likely to be caused by other fission 
channels (giant resonances, virtual 
transfer) which have been neglected in 
the present theory. Their influence 
can be described by an imaginary 
coupling potential; this is under in
vestigation. 

E'E. 

Research sponsored by the Division of Basic Energy Sciences, U.S. Department 
.of Energy, under contract W-7405-eng-26 with the Union Carbide Corporation. 
Permanent address: Dept. of Physics, Vanderbilt University, Nashville, TN. 
1. V. Oberacker et al., Pliys. Rev. C20 (1979) 1453. 
2. H. Backe et aT7,"Thys. Rev. L e t t ^ 3 (1979) 1077 and D. Habs (Heidelberg) 

private communication. 
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194 CHARGED PARTICLE EMISSION FROM Hg COMPOUND NUCLEI: ^ 
ENERGY AND SPIN DEPENDENCE OF FISSION-EVAPORATION COMPETITION 

M. Rajagopalan, D. Logan, J. W. Ball, M. Kaplan, H. Delagrange, 
M. F. Rivet,T j. M . Alexander,1, and M. S. Zisman',",",' 

The interpretation of particle and photon emission data from complex 
heavy-ton collisions frequently requires knowledge of the statistical and 
thermodynamic behavior of nuclei at high excitation and spin. Such infor
mation can come from systematic studies of reactions that proceed via equil-
brated compound systems. He report results from experiments with twelve 
reactions that produce the compound system 'Tig over the excitation energy 
range 57-195 MeV. Beams of 1 2 C , 1 9F, Ne, and 4 0 A r ions in conjunction 
with appropriate targets have been used to measure H/hc, fission, and evapo
ration residues (ER). Most of the evaporative ^H and ^He seems to be emit
ted prior to fission or instead of fission, and very little appears to come 
from the fission fragments, Table I summarizes the cross section data and 
displays the pattern of cumulative decay fractions (cross sections divided 
by the fusion cross section) for '•"Hg* over a wide range of excitation 
energy and spin. The probability of H/He evaporation increases dramatically 
with E and decreases slowly with spin, extending to very large spins (> 60*) 
for E > 100 MeV. Fission in competition with evaporation becomes weaker 
for E* > 100 MeV. 

Table I. Experimental Himlti for 
The Reaction S71 • teal 

B * H " c " c 
2 ° » . '"« 1 2 c H T '°»r " c " r ' V ! ° N . 40 . Ar 

Target 182„ l 8 2 „ "*!» l 5 S . 1 M w ' " t o "S. 1B2„ " 5 L u l w s . " S b 154. 
So 

E l . b ( * V ' 77 104 175 196 121 135 221 167 184 272 75! 140 
E* (MeV) 57 S2 80 80 98 98 100 142 142 141 194 195 

Croat Sections («*>, *H»/ 1B Ratio, l c i . .n»«ER 

>H - 2 H 114 55* 266 214 73.5* 544 490 242 1189 701 
J H - 27 - 2 . 6 * 24 23 6.7 65 87 31.4 189 108 
3 B - 9 - 1.09* 11 10 2.9 32 31 15.6 104 66 

' n . 31 124 73 37 176 152 77 367 354 232 984 624 

•R 5*5 475 291 94 458 3J1 86 539 312 79 225 124 

Flaeion 23 330 663 -500 607 780 754 661 1066 919 985 1439 

Fualon 568 603 954 394 1065 1131 840 1400 1378 998 1210 1563 

**/»« - 0.61 0.64 0.67 0.66 0.71 1.05 0.71 0.72 0.96 0.83 0.89 

»c 
25.5 36 53 66 45 59 83 65 76 101 65 142 

£ 23 27 29 26 29 32 26 37 36 78 36 19 

£•*> i lat lve Decay Fraction! 

H - 0.23 0.12 0.093 0.25 0.19 0.087 0.34 0.36 0.24 0.98 0.45 

*H - 0.034 - 0.003 0.02 0.022 0.008 0.04 0.063 0.01 0.16 0.07 

>» - 0.011 - 0.002 0.01 0.009 0.003 0.02 0.037 0.016 0.09 0.04 

* B . a.oss 0.1S 0.016 0.062 0.17 0.13 0.O92 0.24 0.26 0.21 0.81 0.40 

n o . w 0.59 0.303 0.16 0.43 0.31 0.10 0.38 0.23 0.08 0.186 0.08 

Flee Ion 0.04 0.41 0.695 0.S4 0.57 0.69 0.90 0.62 0.77 0.92 0.81 0.92 

•Supported by the Division of Nuclear Physics, U.S. Department of Energy 
tState University of New York, Stony Brook, New York 11794 
ttCarnegie-Mellon University, Pittsburgh, Pennsylvania 15213 
tt+Lavrence Berkeley Laboratory, Berkeley, California 94720 
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GAMMA-RAY MULTIPLICITY FOLLOWING HEAVY-ION INDUCED FISSION 
F. A. Dilmanian, J. W. Ball, M. Beckerman, S. Gazes, L. Grodzins, 

R. Ledoux and A. Sperduto 

Laboratory for Nuclear Science 
Massachusetts Institute of Technology 

Cambridge, Mass. 02139 
Gamma-ray multiplicity has been measured for the reactions 

1 0 7 A g ( 3 7C1, fission) and '"Cd ( 3 !S, fission), which have the 
same compound nucleus I'*''Gd, for beam energies from 150 to 210 
MeV in 10 MeV steps. A principle purpose is to determine the 
dependence of the saddle-point shape on angular momentum; such 
a dependence is predicted by the Rotating Liquid-Drop model of 
Cohen et al_.' 

TKe" gamma rays were measured in an array of 12 3" x 3" Nal 
(Tl) detectors positioned in a hemispherical stand about the tar
get, in coincidence with both fission fragments, counted in two 
solid state detectors positioned symmetrically about the beam. 

The measured kinetic energy released in fission and the 
width of the mass spectrum both increase with increasing beam 
energy. The mean total gamma-ray multiplicity increases from 
9.6 to 1!.8 with increasing beam energy. The multiplicity de
creases with increasing mass asymmetry and with increasing total 
kinetic energy of the fragments. The gamma-ray anisotropy W(0)/ 
h'(90) deviates from 1 as the mass ratio approaches unity. The 
dependence of the multiplicity and gamma-ray anisotropy on the 
mass ratio imply that the total spin of the fragment is higher 
for symmetric fission. 

The results of the multiplicity measurements from the two 
different entrance channels have been used to decouple the angu
lar momentum and the nuclear temperature in the fissioning nuc
lei, and to calculate the derivative d<H>/d<Ji+J2>, which is 
expected to be proportional to the scission-point moment of iner
tia. The uncertainties in the results do not allow definitive 
conclusions about the dependence of this derivative on angular 
momentum; the averaged results indicate that the scission-point 
moment of inertia is larger than that of a system of two equal 
sticking spheres. 

This work was supported by the U.S. Department of Energy. 
1. S. Cohen, F. Plasil and W. J. Swiatecki, Ann. Phys. 82 (1974) 
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TOTAL KINETIC ENERGY RELEASE IN THK REACTTONS 2 3 2 ,"h (4He, 4He'f) 
AND 2 3 8U( 4He, 4He'f) AND THE SYMMETRIC MASS SDLIT OF 212 T h 

P. David, J. Debrus, H. Janszen, J. Schulze 
Institut fur Strahlen- und Kernphysik, University Bonn,W-Germany 

J. van der Plicht, M.N. Harakeh, A. van der Woude 
Kernfysisch Versneller Instituut, Rijksuniversiteit Ironingen, 

The Netherlands 
The total kinetic enerqy release in the fission processes 

2 3 2Th, 238u(4 H e #4 H e' f ) h a s b e e n m e asured at E(4He)=BO and 120 MeV as function of excitations energy E x with the double energy method. The 4He-particles scattered inelastically were recorded 
in a counter telescope at 50 MeV bombarding energy and in the 
QMG/2 magnetic spectrograph at 120 MeV with a resolution of 70 keV. 
The preneutron emission masses and energies were determined usinq 
excitation energy and mass dependent vp-values. Fig. 1 displays the TKE(EX) results for 2 3 2Th and for 2 38u 1). The slopes 
dTKE(Ex)/dEx for E x from fission threshold Bf to 8 MeV are + 1.48 * 0.4 MeV/MeV for 2 3 2Th and - 1.1* 0.6 MeV/MeV for 2 3 8n at 
120 MeV and - 0.8*0.3 MeV/MeV for 2 38u at 50 MeV 2» . 

Insight into the symmetric and 
asymmetric mass divisions for 2 3 2Th as 
function of excitation enerav is qiven in 
fig. 2, where the ratio of the symmetric 
yield (A=115-117) to the smooth total mass 
yield is displayed. 
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References: 
1) J . T . Caldwell , E . J . Dowdy, B. Berman, 

R. Alvarez , P. Meyer, LA-UR 76-1615 
2) P . David, J . Debrus, F . Liibke, H. Mcmmsen, 

E. Schmit t , R. Schoenmackers, H. Simons 
Phys. L e t t . 61B(1976)158 Fig. 1 

This work was performed as part of the research program of the 
Stichting voor Fundamenteel Onderzoek der Materie (FOM) with 
financial support from the Nederlandse Organisatie voor Zuiver 
Wetenschappelijk Onderzoek (ZWO). 
The work was supported in part by the Bundesministerium fur 
Forschunq und Technologie der Bundesrepublik Deutschland. 
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SEARCH FOR TIME DELAYS IN THE 1160-MeV ^ X e + "°Pb REACTION* 

Ch. Stoller, J. F. Chemin, W. E. Meyerhof and R. Anholt 

Department of Physics 
Stanford University 

Stanford, California 94305 

We are searching for time delay effects in the deep inelastic reaction 
1160-MeV 1 3 6 X e + 2 0 8 P b . According to Anholt1) a variation of the reaction 
time with total kinetic energy loss^) (-Q) would produce a Q-dependence of 
the K-vacancy production probability P^ in the target-like reaction products. 
CZero time delay would give an essentially Q-independent value of PR.) 

Projectile-like particles were selected by a gas &E - surface barrier 
E detector system at 35±4° with respect to the beam. X-rays were detected in 
a planar Ge detector at 90°, provided with a 0.01" Cu absorber to reduce Xe 
and lower energy x-rays. For the elastically scattered Xe particles we find 
P|;=0.14±0.02, in good agreement with calculations of Reinhardt et al.'). For 
the inelastic projectile-like particles we find a dependence of the target
like x-ray production probability P x on Q. We also measured the total gamma 
ray intensity Iy in a Ge(Li) coax detector [low-energy cutoff ~ 300 keV) as 
a function of Q. We assume that internal conversion of the gamma rays gives 
a contribution to P x which is proportional to I-y, with a proportionality 
coefficient k independent of Q. Furthermore we assume that at larger -Q 
values, fission of the target-like reaction products reduces the number of 
experimentally detected target-like x-rays by a factor f(Qj'). Hence we fit 
the experimental target-like x-ray production probability by the relation 
P
X(Q) = [uKpKCQ)+k lY(Q)]f(Q). where w K is the K fluorescence yield 
(=0.96) and f(Q)=l for -Q?! 100 MeV. The extracted values of f(Q), shown in 
the table below, appear to be reasonable^). At present we can only state 
that for -Q=100 MeV the nuclear time delay is shorter than ~ 4x10 sec. We 
hope that in a more refined version of this experiment, with an additional 
detector for the unfissioned target-like particles, a better estimate of time 
delay effects can be made. 

-Q(MeV) fCQ) 
140-260 0.4 ± 0.1 
200-320 0.3 i 0.1 
260-380 0.3 ± 0.2 
320-440 *3>.2 
380-500 ^0.15 

*Work supported in part by the National Science Foundation. This experiment 
was performed at the Superhilac Accelerator of the Lawrence Berkeley Labor
atory. 

tRecipient of Swiss National Science Foundation Fellowship (1979-80). 
ttRecipient of NATO Fellowship (1979). Permanent address: Centre d' Etudes 

Nucle'aires, University of Bordeaux 1, 33170 Gradignan, France. 
1. R. Anholt, Phys. Lett. 88B (1979) 262 
2. W. U. Schroder et al., Phys. Reports 45_ (1978) 301 
3. J. Reinhardt et al., Phys. Rev. Lett. 43_ (1979) 1307 
4. W. W. Wilckeet al., University of Rochester, Nuclear Structure Research 

Laboratory report UR-NSRL209 (1979). The values of f(Q) in the table are 
normalized to a calculated value f(-125 MeV)=0.6. 
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SEARCH FOR COMPOUND-NUCLEUS X-RAYS IN 250-288 MeV 
Ar+Pb, Th REACTIONS* 

+ tt 
W. E. Meyerhof, J. F. Chemin, Ch. Stoller, and R. Anholt 

Department of Physics 
Stanford University 

Stanford, California 94305 

Gugelot ) first suggested that it should be possible to detect compound-
nucleus (CN) x-rays, i.e. x-rays resulting from the formation of a relatively 
long-lived CN system in a nuclear reaction. If the particle detector cannot 
distinguish particles originating from CN and from other inelastic reactions, 
the expected number N x is 

<"x = <»K Fc Np Pin H T C/(l +k Tc) - CD 
Here ui|j is the fluorescence yield, F c is the (angle dependent) fraction of 
particles originating from CN reactions, N„ is the total number of particles 
detected in the selected energy bin and angular opening, P^ n is the probabil
ity of forming a K vacancy in the united atom on the way into the collision, 
A|( is the decay probability of this vacancy and x c is the mean life of the 
CN system. CN x-rays have been detected in proton-induced reactions ••'j. A 
model calculation by Anholt shows that with heavier projectiles CN x-rays 
should also be found''). A search in 350-MeV "4|£r induced reactions on tar
gets between K and Y indicated that the dominant production of united-atom 
x-rays is due to internal conversion in evaporation residues^). This effect 
should be avoided in fusion-fission reactions with high-E targets. 

250-288 MeV Ar beams were directed onto 800 yig/cm̂  Pb and Th targets. 
Fission-like reaction products were selected by their energy in a Si surface 
barrier detector placed at 40° or 60° with Tespect to the beam. X-rays were 
detected in a planar Ge detector at 90°. In the x-ray energy region of in
terest (near 150 keV) a continuous pulse height spectrum with an intensity 
of ~ 0.02 pulses/keV per detected particle was found, which far exceeds the 
expected intensity of CN x-rays. On the basis of Eq. (1) our results permit 
at best to set an upper limit of ~ 1 0 " 1 8 sec for the product F c x c, if 
pin = 0.01, a s reasonable estimates suggest. 

*Work supported in part by the National Science Foundation. This experi
ment was performed at the Superhilac Accelerator of the Lawrence Berkeley 
Laboratory. 

tRecipient of NATO Fellowship (1979). Permanent address: Centre d' Etudes 
Nucleaires, University of Bordeaux I, 33170 Gradignan, France. 

ttRecipient of Swiss National Science Foundation Fellowship (1979-80). 
1. P. C. Gugelot, in Direct Interactions and Nuclear Reaction Mechanisms, 

ed. E. Clementel and C. Villi (Gordon § Breach, New York, 1962) p. 382 
2. J. F. Chemin et al., Nucl. Phys. A 331̂  (1979) 407 
3. S. Rohl, S. Hoppenau, and M. Dost, Phys. Rev. Lett. 43̂  (1979) 1300 
4. R. Anholt, Z. Physik A 29£ (1979) 123 
5. W. E. Meyerhof, R. Anholt, and W. Wolfli, Phys. Lett. 84B (1979) 59 
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SEMI-MICROSCOPIC DESCRIPTION Ot' HEAVY-ION SCATTERING* 

S. Landowne, H.H. Woiter and R. Schlicher 

Sektion Physik, Universitat Miinchen, D-8046 Garching, W. Germany 

In the semi-microscopic model of the scattering o£ nuclei near closed 
shells we separate the interaction into core and valence terms. The diagonal 
core term is taken as the empirical optical potential for the closed shell 
nucleus while the collective model is used to account for core-polarization. 
Valence matrix elements are computed by folding single-particle states with 
the empirical (complex) nucleon optical potential. This approach was first 
used to explain the failure of the collective model for 1 B 0 excitation1'. It 
has been applied to the elastic and inelastic scattering of 0 + Ca 2', 
where single-particle effects dominate but collective contributions are still 
important. We have further found good agreement in a systematic analysis of 
1 7 » l a 0 scattering for a range of targets and energies. We propose to analyze 
sub-Coulomb data to more specifically test the imaginary part of the valence 
potential3'. 

An example from the systematic analysis is shown by the excitation of 
0 by various Ni isotopes. The solid curves are CC calculations including 

reorientation and two-step transfer processes. The dashed curves result if 
only the core term is used. Some results for sub-Coulomb scattering are also 
shown3'. The full valence potential and its imaginary part only give the 
dashed and dotted curves, respectively. Adding a core potential, chosen to 
fit the 2C data, results in the dash-dotted curve. The final result inclu
des coupling to the observed transfer channels as two-step processes (solid 
curve). 

+ Supported by a grant of the BMFT, Fed.Rep. of Germany 
1 S. Landowne and H.H. Woiter, Phys. Rev. Lett._43(1979) 1233 
1 S. Landowne et al.. Phys. Lett. 90B (1980) 38? 
3 S. Landowne and H. Woiter, Nucl. Phys. A (submitted) 
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4 w MEASUREMENTS OF CHARGED PARTICLES USING A STREAMER CHAMBER 

J.P. Brannigan, J.V. Geaga, J.W. Harris, J. Miller, L.J. Rosenberg, 
L.S. Schroeder and K.L. Wolf* 

Lawrence Berkeley Laboratory, Berkeley, Calif. 94720 
and 

R.E. Renfordt, H.G. Ritter, A. Sandoval, 
H.E. Stelzer, H. Strocbeit ssd R. Stock 

Gesellschaft fur Schwerionenforcchung, Darmstadt. West Germany 

In reactions of heavy ions at relativistic energies, the number of 
charged particles in the final state often exceeds the total charge of 
projectile and target eg. up to 60 for AisVCl. In order to extract informa
tion about the reaction mechanism it is necessary to obtain a measurement 
as exclusive as possible. A triggered str^aner chamber offers the possibili
ty of detecting charged particles with 100% efficiency in a 4TT geometry. We 
have used the Berkeley streamer chamber to stud/ p and Ar induced reactions 
at energies between 400 MeV/A and 2.1 GeV/A. The chamber, with a sensitive 
volume of 126x59x40 cm 3 is placed inside a 13.2 Kgauss field. The primary 
ionization of the reaction products is amplified by a factor of 10** by a 10 
ns 700 KV pulse applied across the chamber, generating a row of streamers 
along each track. For each event 3 pictures are taken with high speed 35 mm 
film. The chamber can be triggered 3 to 4 times per sec. The maximum 
frequency is given by the film advance mechanism and the charging time of 
the Marx generator. 

The frames are scanned and measured manually. After reconstruction of 
the tracks in three dimensions, the particles momenta and emission angles are 
extracted. The streamer chamber has proven to be a very powerful detector, 
its main characteristics are: 4ir solid angle and 100% efficiency for charged 
particles; lower threshold of less than 1 MeV for protons; vertex position 
resolution of M mm; AP/P <5%; angle resolution <1°; good efficiency for 
detection of neutral and charged particle decays, limited charge resolution. 

Some of the modifications that have been done or are in progress to 
improve the image quality, particle identification, speed of reconstruction 
and flexibility of the detector are: use of ppm of isobutane, stabilization 
of the Marx generator, use of image intensifiers, setup of external hodo-
scopes, semiautomatic reconstruction and use of CCD cameras and image 
digitalization. 

A.-KCI 

*Work supported by the Division of Nuclear Physics of the U.S. 
Energy under contract W-7405-eng-48. 
** Present Address ANL. 
l.A. Sandoval, et al., Proceedings of this conference 
J.W. Harris, et al., ibid 
R. Stock, et al., ibid 
A. Dacal, et al, ibid 
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A GLOW MEMORY CHAMBER FOR USE IN THE 
MEASUREMENT OF HIGH MULTIPLICITY EVENTS+ 

T. A. Mulera, M. A. Elola, V. Perez-Mendez and P. E. Wiedenbeck 
Lawrence Berkeley Laboratory 
Berkeley, California 94720 

It has been proposed1) to eliminate the usual x-y correlation ambiguities 
introduced by multiple tracks in a wire chamber by employing the chamber it
self as an information storage device. Hits in the chamber ignite glow dis
charges at the locations of thi hits. Sequentially perturbing one chamber 
coordinate and sensing this perturbation transmitted via the glow discharges 
to the other coordinate allows the reading out of the x-y coordinates of the 
hits in a correlated way. This method should prove considerably less expen
sive than other solutions to the multiple track, x-y correlation ambiguity. 

Prototypes of such detectors have been constructed by the authors. 
Studies of the properties of glow discharges and the effects of such proper
ties on detector design will be discussed. The design and performance of a 
readout system will be described. Plans for future employment of a glow 
memory chamber as a vertex detector for the HISS spectrometer at the Bevalac 
will be discussed. 
+This work was supported by the Nuclear Science Division of the U.S. 
Department of Energy. 
1. H. Kobayakawa and T. Yamaki, Int. Conf. on Instrumentation for High 

Energy Physics, Frascati (1973). 
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RESPONSES OF INORGANIC AND ORGANIC SCINTILLATORS, 
AND CERENKOV RADIATORS TO RELATIVISTIC HEAVY IONS 

M.H. Salamon and S.P. Ah Ien 

Department of Physics 
University of Cal i fornia 

Berkeley, Ca l I forn ia 94720 

Exposure of several types of organic s c i n t i l l a t o r s , an a l k a l i halide 
(NalrTI) s c i n t i l l a t o r , and a var iety of Cerenkov radiators to r e l a t i v i s t i c 
Ne, Ar, and Fe ions a t LBL's Bevalac has provided detai led response infor
mation previously unavailable for these heavy ion detectors. I t has been 
found that Nal:Tl response follows a nearly Z-independent ( i . e . , only dE/dx 
dependent) curve already established for e" , p, and a response 1 ) . To explain 
dose d is t r ibut ion insens i t iv i ty , as wel l as re la t ive quenching, a model 
incorporating migration and interact ion of free and sel f - t rapped excitons, 
free holes and electrons, and trapping s i tes is presented. Data from a wide 
variety of organic sc in t i l l a to rs is presented, along with empirical response 
expressions for some widely used commercial plast ic s c i n t i l l a t o r s . Deter
mination of a deta i led response model for these complex systems is s t i l l 
underway. Cerenkov radiator data for Ne, Ar, and Fe has been used to place 
l imi ts on c lassical and QED corrections to a f i r s t order, Z 2 , Cerenkov 
emission process 2 ) . In addit ion, range-energy data taken during these runs 
is presented, demonstrating the importance of higher-order corrections to 
stopping power in this charge-energy regime. 

This work was supported by the Nuclear Science Division of the U.S. 
^Department of Energy. 
Also Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley 
Cal i fornia 94720. 

1 . J.B. Birks, The Theory and Practice of Sc in t i l l a t ion Counting (Pergamon, 
Oxford, 1964) p. 449. 

2. H.H. Salamon, S.P. Ahl3n, and G. Tar le , Phys. Rev. A ( in press) . 
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PAINLESS IMPROVEMENT OF Ge DETECTOR ENERGY RESOLUTION* 
N. Matsushita, Wm. C. McHarris, 0. Kasagi, and R. B. Firestone** 

Departments of Physics, Chemistry, and Heavy-Ion Laboratory 
Michigan State University 

East Lansing, Michigan 48824 
An important aim of -r-ray spectroscopy with Ge detectors is to obtain the 

best possible energy resolution. We have demonstrated that this resolution 
can be significantly improved by pulse rise time discrimination without any 
loss of detector efficiency. In the example below we shall discuss our 
results for a planar, intrinsic Ge detector with an area of 1000 mm^ and a 
depth of 1.3 cm. Using standard fast coincidence techniques with branched 
preamplifer signals we recorded coincident rise time and pulse height 
information on magnetic tape for off-line analysis. The energy resolution, 
plotted as a function of the rise time, is shown in figure 1 where the total 
resolution is 1.84 keV (FWHM at 1332 keV). No significant rise time 
dependence is apparent in the energy resolution. In figure 2 the centroid 
shift for various energy y rays is similarly plotted. Here a striking rise 
time dependence is seen, particularly at higher •y-ray energies. At 1332 keV 
a 0.6 keV shift was observed between the fastest and slowest rise time 
gates. The centroid depends linearly on the rise time so we have developed 
computer software methods to reconstruct the energy spectrum while removing 
that shift. After this correction the resolution was improved to 1.77 keV 
without the loss of any events. Although the improvement is small, we have 
also found that a large, neutron damaged, coaxial detector with 4.9 keV 
resolution could be improved to 2.3 keV (FWHM) by the same technique. In 
that case only the faster rise times were usable because the slow rise time 
pulses had intrinsically poor resolution. In addition to the resolution 
improvement we have also demonstrated a substantial increase "n the 
peak-to-background ratio using pulse rise time discrimination techniques. 

CenUoid Chonge vs TftC Gnle tPlonor DeTeclor) 

360 « 0 535 635 720~ 
TAC Channel Number 

CD 
*This work was supported by the U. S. Department of Energy and the National 
Science Foundation. 
**Present address: Nuclear Science Division, Lawrence Berkeley Laboratory, 
University of California, Berkeley, California 94720. 
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TRACE PROGRAM COMPILER* 

B. D. Chang 
University of Pittsburgh, Pittsburgh, Pa. 15260 

J. P. Draayer 
Louisiana State University, Baton Rouge, La. 70803 

S. S. M. Wong 
University of Toronto, Toronto, Ontario, Canada M5S 1A7 

Recent studies have shown that nuclear phenomena can be 
partitioned into secular and fluctuation parts 1'. Statistical 
spectroscopy champions the former; low-order moments of products 
of operators suffice to determine locally averaged results. For 
example, traces of H and H 2 determine, respectively, the centroid 
and width of a spectrum. Traces of products of the type 0H u0H v 

are required to determine the secular behavior of the strength 
distribution of an excitation operator 0. Moment methods have 
also been shown to hold promise in effective interaction 
studies 2). 

Although algebraic forms for traces of products of operators 
can be generated in a straightforward manner, fast numerical cal
culations require efficient usage of various symmetry relations 
within and among the operators. We have developed a "compiler" 
which takes over the tedious process of writing FORTRAN codes 
for each type of product operator. The compiler is capable of 
handling configuration traces of products of up to eight angular-
momentum coupled operators, each of which may be of particle 
rank two or less. While numerical evaluations require the de
fining matrix elements of each basic operator, input to the com
piler are algebraic equations produced, for example, by another 
program3) that utilizes angular moment recouoling and pattern 
recognition algorithms to generate the closed diagrams asso
ciated with contractions (Wick's theorem) of creation-annihila
tion operator pairs1*) . The compiler generated codes are 
optimized to include permutation and exchange symmetries within 
each operator as well as among equivalent members within a 
product. 

Codes for configuration traces of H 3 and H1* illustrate 
practicality of the procedure and allow the open question on the 
validity of the Gaussian assumption for spectral intensities of 
partitioned spaces to be addressed. 

1. J. P. Draayer, J. B. French and S. S. M. Wong, Ann. Phys. 
106 (1977) 503. 

2. B. D. Chang, Nucl. Phys. A295 (1978) 275. 
3. B. D. Chang and S. S. M. Wong, Comp. Phys. Comm. 1J5 (1979) 

35, and to be published. 
4. B. D. Chang and S. S. M. Wong, Nucl. Phys. A294 (1978) 19. 
* 

Supported in SJT-~ b-/ grants from the U.S. NSF and the NSERC 
of Canada. 
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A POINT-FOCUSING GRAPHITE CRYSTAL SPECTROMETER FOR 
LOW ENERGY PIONIC X RAYS + 

E. Bovet, H. Henrikson, and F. Boehm 
Physics Department 

California Institute of Technology 
Pasadena, California 91125 

A reflection-type point focusing graphite crystal spectrometer has 
been developed for the purpose of measuring pionic x rays in the 2-12 keV 
region, such as the 2p-ls transitions in pionic hydrogen and deuterium 1). 

The source (target), the diffraction crystal, and the detector are 
arranged along a l.Om-radius focal circle, as shown i.i the figure. The 
crystal assembly consists of an array of 20 graphite Dingle crystal2) 
wafers, 0.1mm thick, 1.2 cm wide and 10 cm high, each placed with its center 
on the focal circle. The crystallites 
are curved for point focusing in a 
plane through the normal to the focal 
circle. The lattice distance 
associated with0the (002) reflecting planes is 3.35 A and the Bragg angle 
for the 2.43 keV 2p-ls it-H is 49.6°. 
The 20 cm long detector is a position 
sensitive proportional counter based 
on pulse rise time differences. Its 
position resolution is 1.5 mm fwhm. 
The spectrometer is in a helium 
confinement. 

Tests based on K x rays of S 
and Cs. and L x rays of Ru show that 
the spectrometer is capable of an energy 
resolution of 25eV at 2.5keV in first 
order reflection. In third order 
a resolution of 23eV at 7.5keV was 
obtained. The over-all efficiency in first order is about 2 x l 0 - 5 , which is 
about 10 3 times larger than that of a conventional transmission-type curved 
quartz crystal spectrometer. 

Helpful discussions with A. Hahn, P. Lee, and K.-C. Wang are 
gratefully acknowledged. 

Work supported by DOE. 
^E. Bovet et al., LAMPF Proposal 491, California Institute of Technology, 
Pasadena, California 91125. 
'Monochromator grade graphite was obtained from Union Carbide, Parma, 
Ohio 44130. 

654 



TANDEM ACCELERATOR MASS SPECTROMETRY AT ROCHESTER 

D. Elmore, H.E. Gove, R.P. Beukens,* L.R. K i l i u s , * H.W. Lee,* 
K.H. Chang,* A.E. Litherland,* C.J. Russo,+ K.H. Purser+ 

Nuclear Structure Research Laboratory T 

University of Rochester 
Rochester, New York 14627 

We have used the University of Rochester MP tandem accelerator and beam 
transport system as an ultrasensit ive mass spectrometer to measure isotope 
rat ios in the range 10~'2 to 10-15. For the long l ived radioisotopes studied 
(see table) , the improved sensi t iv i ty over decay counting and neutron act iva
t ion analysis has reduced the amount of natural material required by more 
than 10 3 and may lead to the development of new mi l l ion year chronologies. 
Possible nuclear physics applications include h a l f - l i f e determinations, solar 
neutrino detection, radiat ive capture, double beta-decay, and searches for 
superheavy elements and quarks. 1 y 

Tandem accelerator mass spectrometry * ) makes use of conventional 
heavy-ion acceleration and detection techniques. Negative ions are formed 
from 1 to 10-mg samples in a Cs sputter ion source, momentum dnalyzed, accel
erated to 12 - 80 MeV, mass analyzed with a combination of magnetic and 
electrostat ic def lect ion, then detected with a gas ionization counter or a 
t ime-of - f l ight detector. Stable isobars are distinguished by multiple energy 
loss measurements; molecules are eliminated by selecting charge states 
greater than two. Isotope ratios are determined by alternately changing a l l 
magnetic beam elements to select a stable isotope and then reading i t s 
current at the detector. 

The presentation w i l l include plans for a new high resolution in jector 
and new post-acceleration analyzers, the latest results for the isotopes 
l i s t e d , and progress being made on the detection and measurement of other 
radioactive and stable isotopes. 

Radio- Ha l f - l i fe Isobars Samples studied Sens i t i v i t y 3 ' 
isotope » 10l5 

1 0 Be 1.6 My i°B Pure Be 7 
^C 5730 yr i"»Nb) Woolly Mamnoth.c) Mummy clothe) 0.3 

Z 6 A1 0.72 My ZGMgb) p u r e A I 10 
3 6C1 0.31 My 3 6 S, 3 S Arb ) Groundwater.d) Meteoritese) 0.2 
1 2 9 I 16 My JZ^Xeb) MeteoriteseJ 300 

a) The lowest measured atom rat io in reagent samples. 
b) The problem of interference from these isobars is removed by the use of 

negative ions, an advantage for acceleration with a tandem. 
c) With M. Rubin, U.S. Geological Survey, Reston, Virg in ia. 
d) With H. Bentley, University of Arizona. 
e) With J.R. Arnold, K. Nishiizumi, M.T. Murre l l , R.C. Finkel, 

University of Cal i fornia at San Diego. 

* Department of Physics, University of Toronto, Toronto, Canada M5S 1A7 
Work supported by the NSERC of Canada. 

t General Ionex Corporation, Newburyport, MA 01950. 
t t Work supported by the National Science Foundation, Grant PHY 78-22698. 
1. D. Elmore, et a l . , Nature 277 (1979) 22-25, 246. 
2. L.R. Kil ius e_t al_., Nature 282 (1979) 488-489. 

655 



rut: POSITRUK-A LEPTOHIC PROBE FOR MATERIALS SCIEKCL 

Michael J. Flu&s and Lars C. Socdskjaer 

Materials Science Division 
Argonne National Laboratory 

9700 South Cass Avenue 
Argonne, II linoIs 60^39 

Nuclear science lias continuously been a source of new techniques for the 
studv ui other basiL sciences. The prediction, discovery, and description of 
the nature of the positron and its eventual annihilation has motivated 
cnemists and physicists alike to uncover ways in which these properties might 
Of employed in studies dt tne atomistic and molecular level. The contemporary 
importance of the positron in materials science derives from its ability to 
describe tue environment in terms of the momentum distribution of the elec
trons with which it annihilates. This property, coupled with the additional 
propensity for the positron to become trapped at atomic vacancy defects yields 
a probe vhicii is botli sensitive and specific for vacancy-like structures. 
Various examples of both defect and electronic structure studies where posi
trons have been utilized will be described so as to demonstrate tne usefulness 
uf the tecuuique. 

Studying the positron's interaction in a material involves either 
measuring the distribution of momenta of positron-electron pairs, or the 
lifetime of the positron which measures the positron-electron wave-function 
overlap. The tools for performing such measurements are familiar to nuclear 
scientists; angi'lar correlation detectors, gamma-ray energy spectrometers, 
and fast, nigh resolution, timing techniques. However, the Implementation of 
tnese methods are far from standard. A description of toe special advances 
made in counting methods which have resulted from positron research may prove 
of general interest to nuclear scientists. Examples of the types oE proce
dures used to stabilize the pulse-height information obtained in positron 
experiments, particularly the post acquisition digital techniques, will be 
described. Because the counting techniques and requirements in positron 
spectroscopy are often at the edge of instrumental technology, positron 
annihilation has significantly contributed in its own way to the continued 
advancement of the very technology which fostered it. 

* 
Work supported by the U.S. Department of Energy. 
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. H".3ICAL FARA:--ST'SHO OF GAXKA-HAY 61 BCTRwKETiiH 
E.M. Sayed and K.A. Abdulmornen 

.hysiĉ s Department 
Faculty of Science 
Hiyad University 
..audi Arabia 

The sensitivity of a gamma-ray spectrometer depends on few 
factors.such as background,system energy resolution,energy cal
ibration ,detector effeciency,sample shape,time allowed for 
measurement,accuracy required for results and data analysis. 

In this work we studied some of these parameters,such as 
sensitivity of the FWHI". of full energy peak as a function of 
energy per channel,statistical accuracy,counting rate and effect 
of di- izat.ion.The value of FWHK was found to increase if the 
peal- _j.es between two channels or if the energy per channel exc
eed.. 1.2 KeV.The FWHM was found to be optimum at statistical 
accuracy better than 2 % and increases for higher values. 

In energy caliberation we found that to use a single nucleus 
emitting gamma-rays with different energies is more convient to 
avoid and reduce uncertainties arising from the geometry varia
tions of different sources. 226fta w a s found to be suitable for 
these studies.The temperature of the measuring room was kept 
constant during the measuring time to prevent thermal effects 
on the electronics.The counting rate did not exceed 1000 count 
per second to minimize summation.A combined function''),was used 
to fit the full energy peaks of the emitted gamma-rays and its 
tailing.High order polynomial and a straight line formulae were 
used for energy calibration.Deviation from linearity between 
the input and the output values of energies were found to be 
less than 20 eV in the energy range between 184- and 244-7 KeV. 

The relative and absolute effeciency of the detector used 
were measured and compared with an imperical function and with 
a physical model for effeciency^).The imperical function was 
found to be quite satisfactory,while a clear deviation for the 
physical model values from the expermental results can be noticed. 
Relative intensities could be calculated with accuracy better 
than 0.05 % for energies between 500 and 244-7 KeV.For energies 
less than 500 KeV the accuracy reaches 1.7 #• 

The discripancy between the physical model results and the 
experimental data may be due to the difficulty of explaining a 
coaxial detector geometry by physical model and could be due to 
self-absorption in the source and the effect of the dead layers 
in the path between the source and the detector. 

In conclusion after calculating the minmum detectable acti
vity of some energies and compare it with the available data it 
seems that in order to acheive small progressin sensitivity a 
large expenditure is needed. 
1. V.Zobel, J.Eberth, U.Eberth and Eube. 

Nucl.Instr.Meth.141 (1977) 529-336. 
2 S.Cipolla. 

IEEE Transactions on Nuclear Science Vol. NS-26 No.1, 
February 1979. 
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MEASUREMENT OF THE J t S i HALF-LIFE USING TANDEM ACCELERATOR MASS SPECTROMETRY 

N. Anantaraman, D. Elmore, H.W. Fulbr ight , H.E. Gove, H.S. Hans,' 
M.T. M u r r e l l , + + K. Nishiizunri,+ + and M. Honda + t t 

Nuclear Structure Research Laboratory* 
University of Rochester 

Rochester, New York 14627 

In one of the f i r s t applications, of tandem accelerator mass spectrome-
t r y l ) to nuclear physics problems, we have determined the 3*-Si h a l f - l i f e 
(^300 years) by counting both the decay rate and the number of atoms of 3 2 Si 
in an enriched sample (32si/Z8si = 10"'0) and then using the relat ion 
dN/dt = -xN. Because of i t s convenient h a l f - l i f e , this nuclide is extremely 
useful in dating groundwaters with an age up to a few thousand years?). Un
fortunately, uncertainties in the production cross sections for 32si have 
hitherto prevented an accurate measurement of i t s h a l f - l i f e by conventional 
methods. An unconventional method3) 
was to measure the speci f ic 3 ' S i ac t i 
v i ty of polar ice as a function of 
depth, assuming a constant production 
rate. 

We determined the number of 3 Z S i 
atoms by placing ^5 mg of SiO? in the Cs 
sputter negative ion source of the ac
celerator, then measuring the stable 
28,29,30si currents and 32si counts f o l 
lowing magnetic and electrostat ic analy
s i s * ) . The in ter fer ing 32$ had a rate 
of ^10* s~l when the 32Si rate was 
T-1 min~l; with no background, this was 
adequate for 10% s ta t i s t i c s . The 
325i->-32p-*32s decay rate was determined 
by allowing 3 2P{t>j=13 d) to reach 
equil ibrium, then f lushing i t from the 
sample and counting i t . 

The f igure shows the good separa
t ion between the 32si and 32$ ions 
counted in the gas heavy-ion detector. 
E is the tota l energy and AE5 is the 
energy lost under the f ina l AE plate. 
Lower AE5 32s ions were removed from 
the spectrum with a hardware gate. We 
expect that af ter corrections, e.g. for 
dead time, pi leup, mass fractionation 
end beam cu.rent ca l ib ra t ion , these 
data should y ie ld a h a l f - l i f e accurate 
within about 15%• 

t On leave from Panjab University, Chandigarh, India. 
t t University of Cal i fornia at San Piego, La Jo l l a , Cali fornia. 

t t t University of Tokyo, Tokyo, Japan. 
* Supported by the National Science Foundation under grant PHY. 77-27943. 

1. K. Purser et al_., Nucl. Inst, and Meth. 16J. (1979) 637. 
2. S.K. Gupta and D. La i , Rep. Workshop on Dating of Old Groundwater, 1978, 

ed. S.N. Davis (University of Arizona, unpublished) p. 131. 
3. H.B. Clausen, J . of Glaciology 1£ (1973) 411. 
4. D. Elmore et a]_., Nature 277 (1979) 22, 246. 
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MUCLiSAK POLARIZATION OP 1 5 N VIA ION-BEAM-FOIL INI'KKACIION 

B . I . D e u t c h , * C . H . L i u , + + P . Q . L u , C . N . S u n , C . Y . T a n g , 
G . H . T a n g , K . S . X u , P . C . Y a n g , and H.Yeh 

Department of Nuclear Science 
Fudan University, Shanghai, China 

The ion beam surface interaction at grazing incidence 
(IBSIGI)generates highly oriented atomic states,and nuclear 
spin polarized ions are produced via hf-interactions. Both 
single and multiple IBSIGI were reported . By single 
reflection,nuclear polarizations of Pj= 14> in N(I=l), 
and Pj= 6.8?£ in 7Li( 1=3/2) were produced. 
In this paper,the transmission rather than reflection 

technique is used. A 600 kev N (1=4) beam passed through a 
foil tilted 60° with respect to the beam axis,and a perpendi-
cular foil(both made of 20 ing/cm thick carbon). After the 
first foil,highly oriented atomic states are produced,which 
result in large ciiuular polarization fractions in the fluore
scent radiation.By hf-interaction,the orientation can be 
transferred from the electronic shell to the nucleus,or vice 
versa.In the second foil,which is perpendicular,and therefore 
does not produce any polarization,the interaction does not 
affect the nuclear spin,but attaches a new unoriented elec
tronic shell to the nucleus.Thus the circular polarization in 
the fluorescence after the second foil must stem from the 
transfer of orientation from the nucleus to the electronic 
shell and is therefore a direct measure of the nuclear spin 
orientation.To determine the degree of circular polarization, 
the Stokes parameter S/l is measured. 
Por 1 5 N II 2s22p3s5P-2s22p3p5D 5676A line,after a tilted 

foil the S/I is equal to B.5±0.8#;after double foils(60° 
tilted foil + perpendicular foil),S/I=1.6+0.4#. Prom the 

15 later values,the nuclear polarization of N is calculated: 
Pj= 10.2 %. 
+Permanent Address:Institute of Physics,Uni.of Aarhus.Denmark 
++Permanent Address:Dept.of Physics,Uni.of Queensland,Australia 
l.H.Winter and H.J.Andra.Z.Physik A291 (1979) 5 
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POLARIZED ALKALI ION BEAMS 
W. Dreves*, R. Bottger, W. Broermann*, P. Egelhof, M. Elbel*, D. Fick+, 
W. Kamke +, I. Koenigf K.-H. Mobius, Z. Moroz, E. Steffens, G. Tungate 

Max-Planck-Institut fiir Kernphysik,Heidelberg,FRG 
and FB Physik.Philipps-Universitat .Marburg,FRG(+) 

Beams of aligned heavy ions, especially those having large deformations serve 
as a new tool for the investigation of heavy ion reactions ).Up to now such 
experiments have been performed using the "Li- and ^Li-beams available at the 
Heidelberg EN-Tandem.For 23[ja as well it is possible not only to produce a po
larized beam in an ion source but also to maintain the polarization to a large 
extent during the acceleration process. 
1) Source for Polarized Alkali Ions 
An atomic beam is polarized with the aid of a sextupole magnet and adiabatic 
high frequency transitions ) (P 2 resp. P z z - 0.4).The polarization is changed 
by switching the rf power.Highly efficient ionization occurs at the surface of 
a hot tungsten ribbon. Charge exchange to negative ions is performed in cesium 
vapor. Prior to acceleration the nuclear polarization of the ion beam can be 
determined by beam foil spectroscopy via the polarization of the light emitted 
after excitation of the ions in a thin carbon foil(see fig.).In order to incre
ase the degree of polari
zation a more refined ty
pe of ion source is being 
tested:polarization of 
the atomic beam is achie
ved by optical pumping 
with circularly polarized 
light using a dye laser 
tuned to the Na-D2~line. 
In a first experiment a 
polarization of more than 
0.8 was detected by beam 
foil spectroscopy. 

No* {'So) No:0 * ( 2 P) 

< > — 
Source for 
Polarized Ions 

C-Foil 
.-X/4-Plate 
— lin. Polarizer 
:—-Filter (589 nm) 

- Photomultiplier 

Detection of the nuclear polarization by beam foil spectroscopy 

2) Depolarization during the acceleration process 
The negative and the singly charged positive alkali ions in their ground state 
have an electronic spin J = 0. In the case of "Na the electrons can not be 
stripped off completely by the foil in the terminal of the tandem (terminal 
voltage 6 MV). One has to face the problem of depolarization via hyperfine 
interactions. Charge states with an even number of electrons were selected: 
N a 7 + (current at the target 100 nA) and Na9+ (100 pA). The polarization was 
deduced from the anisotrony for coulomb excitation to the first excited state 
of 23Na. The backward scattered particles and the 440 keV-y-rays were detec
ted in coincidence. Up to now values of 30 to 60 % of the initial alignment 
have been observed with a Na^ + beam. 

1) P. Egelhof et al. 
J.) E.Steffens et ll. 

, K.-H.Mobius et a l . , contributions to this conference 
Rev. Phys. Appl. 12(1977)1567 
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THE EVALUATION OF THE NEUTRON AND GAMMA-RAY RESPONSE OF TWO 
DETECTORS FOR NEUTRON-CJ^TURE STUDIES 

G. L. Cleland, S. J. Ball, G.I, Crawford and J. D. Kellie 

Kelvin Laboratory, 
University of Glasgow, 

Glasgow, G12 8QQ, 
Scotland. 

Two special hydrogen-free scintillators have been tested in order to 
determine their suitability for detection of the Y-rays induced by neutron 
capture. These were NE 226, based on fluorocarbon, and NE 230, based on 
deuterium. Evaluation was carried out in a standard detector assembly 
appropriate to neutron-capture measurement. 

Neutron sensitivity was measured using the mono-energetic neutrons from 
the Li tp,n) Be reaction, at the 3 Mev Van de Graaf at U.K.A.E.A., Harwell. 
A neutron energy range of 25 keV-220 keV was covered for both free-standing 
and heavily shielded detector configurations. Y-ray sensitivities were 
determined from measurements from a range of Y~ray sources, and the resultant 
response matched to a computer calculation. 

Operational tests were carried out on the 30 Mev electron linac of the 
above establishment, whose 6 ns pulsed beam was employed to provide a neutron 
flux for neutron capture on europium. 

The low neutron sensitivities observed were approximately 10 for the 
NE 230 detector when unshielded, and in general a factor of 2 more for the 
NE 226 - but further enhanced at 30 keV neutron energy by a resonance in the 
neutron capture cross-section of fluorine. Use of shielding further 
increased the neutron sensitivity by nearly an order of magnitude, when used 
in a nearly isotropic neutron flux. 
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PHOTOGRAPHIC IMAGE ENHANCEMENT USING THE PHOTOFISSION OF URANIUM 
K. M. Murray 

Radiation Effects Branch 
Naval Research Laboratory 

Washington, DC 20375 

A method is described for enhancing photographic images through the 
mechanism of etch tracks of f ission fragments in glass. The photographic 
negative is f i r s t toned with natural uranium. I t is then pressed against a 
glass plate and i r radiated with high energy x rays (greater than 5 MeV). The 
induced photofission of the uranium then transfers the image in the negative 
to the glass plate. This process allows some discrimination against base fog. 
Information which was not otherwise v is ib le in the original negative has been 
extracted by th is method from f i lm that was underexposed as much as six "f" 
stops. 
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A Systematic Study of the Transport Characteristics for the 
Gas-jet Technique with a Long Capillary Transport Line 

Luo Yixiao, Guo Junsheng, Pan Zongyou, C-uo Yingxiang, 
Liang Zongli, Xiao Jianmin and liu Hongye 
(Inst. t.od. Phys. Academia Sinica, China) 

A gas-jet transport system with a capillary of 30m long has 
been used to transport and measure the reaction products produced 
by 14.1Itev neutron on Al and l'ig,as well as the neutron-induced 
fiaaion fragmenta of U(Fig.1). A systematic study of the transport 
characteristics is described as follows: 

The relative transport efficiency was first measured for pure 
C2K4, He, H a, C02and mixtures of any two of these gases with different mixing proportions. Then by using an OT aerosol pro
ducer, the selectivity of the pump oil,CC]tf AgCl as additivas was 
studied for the transport of various products. Our experiments 
indicate, we have to add additives to the pure He to get high 
transport efficiency, while for C?H* no addition is needed, but 
in the former case higher transport velocity 
can be obtained. Prom the experiments for 
gas mixture we have got the optimum ratio 
of mixture of CiH++He for the transport 
efficiency and velocity. 

We have theoretically analysed how 
various dynamical parameters of gases inf
luence upon the transport characteristics. 
The result of the experiments shows: to 
obtain both the maximum transport velocity 
and efficiency, the Reynolds number Re 
should be taken as Re«2800 in turbulence 
region, in which the optimal option is the 
using of the large i.d. capillary (Figs.2 & 
3, curve!) instead of the high pressure in 
the target chamber (curve I) as well as in 
laminar region, and the Re-number for fur
ther increase of the transport velocity at 
the expense of the efficiency is indicated 
in FIgs,2&3. 

The absolute transport efficiency and 
transport time have been measured for CiH*+ 
He, The transport efficiency was found to 
he09±?;%andC69i5JJfor JrAl (n, p ^ M g pro
ducts, and J 3 SU(n, f) fission fragments 
respectively, the reproduction of the rela
tive efficiency was within about 2% for 5 
hours. The experimental transport time of 
this system was 1.4±0.4 sec, which is in 
agreement very well with our theoretical 
value of 1.49 aec. § - » - - — » 

3 transport time in the capillary 

1. H.Dautet et a l . , Nucl. I n s t r . Meth., **" 
107(1973)49 

2. W, J . Wiesehahn et a l . , Hucl. I n s t r . Meth.,124 (1975)221 

f i n 

1 
3 

rit4.(+Al 

6 X.4oxfTl 
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A HYBRID STREAMER CHAMBER FOR LOW ENERGY NUCLEAR PHYSICS* 

K. Van B i b b e r , * * M. M. Murphy, W. W. Pang , B . G. Harvey, D. L . H e n d r i e , 
J . Mahoney, R. L e g r a i n , w. D. Rae , T. J . M. Symons 

Nuclear S c i e n c e D i v i s i o n 
Lawrence B e r k e l e y L a b o r a t o r y 

U n i v e r s i t y o f C a l i f o r n i a 
B e r k e l e y , C a l i f o r n i a 94720 

A s m a l l s t r e a m e r chamber of a c t i v e volume ( 1 7 . 1 x 11 .2 x 5 . 1 cm ) has 
been c o n s t r u c t e d and used a t t h e Lawrence B e r k e l e y L a b o r a t o r y B8" c y c l o t r o n . 
I n t h e f i r s t a p p l i c a t i o n o f t h i s v i s u a l t e c h n i q u e t o low ene rgy n u c l e a r 
p h y s i c s , a p p r o x i m a t e l y 50 ,000 p h o t o g r a p h s o f t h e r e a c t i o n s ^ O + N 6 i 1 2 c + N e 

were t aken o v e r t h e p a s t y e a r i n a s u r v e y of r e a c t i o n mechanisms i n t h e range 
20-35 M e V / n u c l e o n . 1 ' 

We r e p o r t h e r e o u r f i r s t e x p e r i e n c e s w i t h t h e chamber o p e r a t e d i n a 
h y b r i d mode. Thus r a t h e r than sampl ing w i t h an u n b i a s e d t r i g g e r ( n o r m a l l y 
c o n s i s t i n g of an a r r a y of s c i n t i l l a t o r - p h o t o t u b e d e t e c t o r s ) , more e x c l u s i v e 
c h a n n e l s a r e i d e n t i f i e d and s e l e c t e d by means o f a s o l i d - s t a t e AE-E t e l e s c o p e . 
The l e a d i n g p a r t i c l e n u c l e a r c h a r g e , Z, i s t h u s i n c l u d e d i n t h e same p h o t o 
g r a p h i c frame a s t h e r e m a i n d e r of t h e f i n a l s t a t e by means o f a h a r d w i r e d p a r 
t i c l e i d e n t i f i e r and l i g h t - e m i t t i n g d i o d e d i s p l a y . Al though t h e e n e r g y of t h e 
t r i g g e r p a r t i c l e e x i s t s v i r t u a l l y i n t h e f i l m p lane (Z and Bp), i t i s e n v i s i o n e d 
t h a t u l t i m a t e l y AE and E w i l l be even t -mode r e c o r d e d by computer a l o n g w i t h an 
e v e n t number which s i m u l t a n e o u s l y i n d e x e s t h e p h o t o g r a p h , a f f o r d i n g s u p e r i o r 
p a r t i c l e i d e n t i f i c a t i o n and ene rgy i n f o r m a t i o n . 

The h y b r i d chamber c u r r e n t l y i s b e i n g u s e d t o s t u d y t h e t r a n s i t i o n from 
t r a n s f e r t o f r a g m e n t a t i o n i n t h e i n t e r a c t i o n o f " 0 + Csl be tween 10 and 20 
MeV/nucleon by means o f t h e a s s o c i a t e d c h a r g e d p a r t i c l e m u l t i p l i c i t y and an
g u l a r c o r r e l a t i o n w i t h t h e fragment Z. 

' S IAE-E 
TELESCOPE 

* This work supported by the Nuclear Science Division of the U.S. Department 
of Energy, under contract number W-7405-ENG-48. 

** Present address: Department of Physics, Stanford University, Stanford, 
CA 94305, USA. 

1) K. Van Bibber, W. W. Pang, M. Avery, Proc. of the Symposium on Heavy Ion 
Physics from 10 to 200 MeV/amu, Brookhaven National Laboratory, 1979, ed. 
J. Barrette, P. D. Bond; K. Van Bibber, W. W. Pang, M. Avery, E. Bloemhof, 
t.E.E.E. Trans, on Nuclear Science, February, 1980. 
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PERFORMANCE AND FIRST EXPERIMENTS WITH THE "SPIN-SPECTROMETER" AT THE HHIRF*' 
M. JaaskelSinen,** R. Woodward,** D. G. Sarantites ** 

J. H. Barker,'4 D. C. Hensley+ and M. L. Halbert* 

A 4ir y-ray multidetector system consisting of an array of 72 Nal de
tector elements forming a spherical shell has been constructed. This spec
trometer has been installed at the Holifield Heavy-Ion Research Facility. 
The data acquisition system permits one to record simultaneously on an event-
by-even basis the y-ray multiplicity, the total and individual detector 
pulse heights, the associated neutron multiplicity, the angular correlations 
and time relationships among most of the y-rays in each cascade. 

The 18-cm thick detector shell has a 36-cm diameter cavity enclosing a 
spherical 33-cm diameter scattering chamber. The individual detector ele
ments were tested separately before installation in the spectrometer. The 
average energy resolution for 662 keV y-rays is 8.6% and varies from 7.7% to 
9.0%. The average timing FWHM and FWTM are 2.1 ns and 4.7 ns, respectively, 
measured with 6 0 C o source using an 80-keV threshold. The total scattering 
from all the detectors into one detector element is 19% for 662 keV and 24% 
for 835 keV relative to the total singles counting rate, as measured with 
all detectors inserted in the spectrometer. The five nearest neighbors 
account for 77% of the total scattering yield. 

The measured responses of the entire spectrometer for a large variety 
of experiments with heavy-ion induced reactions will be discussed. These 
include the response to y-cascades {E,}. , ., of multiplicity M in terms 

i i=l,...My y 
of (1) total pulse height H, and number of responding detectors k, (2) the 
spectral response of each detector element incorporating the effects of 
scattering and coincidence summing, and (3) the response to neutrons includ
ing identification by time-of-flight. Results from the first experiments 
scheduled for late spring will be discussed. * Work supported by United States Department of Energy. 
** 
Department of Chemistry, Washington University, St. Louis MO 63130. 

Department of Physics, St. Louis University, St. Louis MO 63103. 

Oak Ridge National Laboratory, Oak Ridge TN 37830. 
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THERHALIZATION OF 14 HeV NEUTRONS FROM A PHILIPS PW5310 NEUTRON GENERATOR1" 
M. Irfan 

Department of Physics, Memorial University of Newfoundland, 
St. John's, Newfoundland, Canada A1B 3X7 

and S.A. Husain 

Department of Physics, University of Malaya 
Kuala Lumpur, Malaysia 

A Philips PW5310 Neutron Generator was used to produce 14 MeV neutrons. 
(The neutrons are produced from D(T,n) and T(D,n) reactions in a hermetically 
sealed 'neutron tube' and the tanget Is of 'self-loading' type in which a 
titanium tanget Is kept saturated with tritium and deuterium and accelerated 
deuterons and tritons collide with the tritium and deuterium held by the 
titanium. The neutron tube 1s filled with a mixture of deuterium and tritium 
and a pressure regulator 1s used to achieve continuous replenishment of the 
tanget.) 

Paraffin wax was as moderator. The neutron tube was placed vertically 
In a cylindrical cavity In a 75 cm x 75 cm x 75 cm block of paraffin. The 
neutron source was at the centre of the block. Samples for irradiations 
were positioned In other cylindrical cavities. In our arrangement samples 
were approximately in the horizontal plane containing the neutron source and 
at three distances,d]=10.5 cm, dp=19 cm and dj = 29 cm, from the source. 
Excluding the rad11 of the cavities, the pathtengths in the paraffin were 
4 cm, 12.5 cm and 22.5 cm respectively. We Investigated the activation of 
Nal and Ag NO3. Samples were solutions in water and were contained in small 
vials (10 cm3 volume). The activities of interest were 25 minute-half-life 
6 activity of 1 Z B I and 2.42 irtnute-half-life B activity of 108Ag. The 
Irradiation times were 50 and 12 minutes respectively. Several samples of 
different concentrations were used and to account for epithermal ( i . e . 
epicadmium) neutrons bare as well as cadmium-covered samples were irradiated. 
The B activity was measured by using Mullard G.M.tubes of type MX 124/01 
which are specially designed for liquid samples. In each case the activity 
at the time of cessation of Irradiation was determined from several 
Integrated counts. Supplementary half-Hfe measurements enabled us to take 
appropriate actions to exclude counts due to the possible presence of other 
activities. 

We determined the relative thermal neutron flux at the three distances 
and values of 1, 0.48 and 0.11 at dj, dg, d3, respectively, were obtained. 
The counting efficiency of the G.M. tube was estimated by using reference 
sources of 3 Z P and 9 0 S r . Consequently, we estimated the thermal neutron flux 
at di to be approximately 2xl04n/cm2/sfor the 14 MeV neutron output of 10 8/s 
1n 4*. 
+This project was a result of M. Irfan's sabbatical leave at University of 

Malaya. 
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SPURIOUS ROTATIONAL ENERGIES IN THE YRAST LINE OF PARE EARTH NUCLEI 
J.L. Egido 

Max-Planck I ns t i t u t fu r Kernphysik 
Heidelberg, W.-Gernmany 

P. Ring 

Institut Laue-Langevin 
Grenoble, France 

Host of the microscopic methods to describe the strange behaviour of the 
yrast line in deformed nuclei are based on the cranking model. It is a mean 
field approach which conserves the quantum numbers of angular momentum and 
particle number only onthe averace.The energies calculated in this model con
tain spurious contributions of the form 

which have to be substracted. There are several ways to determine the moment 
of inertia/, which characterizes this energy shift. In the figure we show 
calculations.in the pairing plus quadrupole model of Baranger + Kumar*) for 
the nucleus 1 M E r , which is a strong backbender and for I B 8 Y b which is not. 
AEyv is obtained frcn the moment of inertia of Thouless and Valantin2); it 
corresponds to the RPA-ground-state correlations connected with the spurious 
rotational motion. AEy is calculated with the moment of inertia of Yoccoz, 
it is justified by projection onto good angular momentum*). A E S C is obtained from the selfconsistent moment of inertia. All three curves are normalized 
to 1=0. We find that tie spurious 
energy AE changes between 1=0 ard 
=28 more rapidly for l*™Er than for 
6°Yb. In the backbending reqion "'e 
observe strong annomalie; wh '- r jht 
cause serious doubts in the i.Jity 
of the rranting approach in this 
region. /-?wever, one has to keep in 
mind, that there are additional corre
lation energies connected with vibra
tional motions not taken into account 
so far. It has been shown!) Within the RPA approach that they also show 
a strange behaviour in the backbending 
region, which cancels to a large ex
tend the anomalies resulting from the 
rotational spurious energy. 
1) M. Baranger and K. Kumar, Nucl. 

Phys. A110 (1968) 529 
2) D.O. Thouless and J.G. Valatin, 

Nucl. Phys. 31 (1962) 211 
3) P.. Beck, H.J. Hang, P. Ring, 

Z. Phys. 231 (1970) 366 

1 I I I I T 
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HYDROGEN FILLED SELF-SHUNTED STREAMER CHAMBER 

F. Balestra, L. Busso, I. V. Falomkin0, R. Garfagnini, G. B. Pontecorvo0 and G. Piragino 

Istituto di Fisica deH'Universitl di Torino and INFN, Sczione di Torino, Italy 

A- Maggiora 

Laborarori Nazionali di Frascati dell'INFN, Frascati, Italy 

n — 
The self-shunted streamer chambers (SSSC) offer the opportunity of seenig 

the vertex of the interactions on the nuclei of the filling gas and of photographing 
all the charged panicle trajectories coming from the interaction (even the short 
ones) as in a clou** chamber * 2 ) , but with the difference that the SSSC are trigger-
able by external hodoscopes of counters several times per second (—3 + 5 s~ )and 
are able to handle up to ~10 beam particle per second. On the basis of former re
sults • 4 ) and in view of foreseen experiments on p interaction on H, H, He 
and 4He-nuclei5) to be performed at the new LEAR facility of CERN ) we have 
begun a systematic study of the 1 atm hydrogen filled SSSC. The figure shows a 
cosmic ray track photographed contemporary with two cameras placed with the 
axes at 50 degrees. The lens aperture was of f/5.6, the same for both the objecti
ves. For this reason The points in the front view (E„) appear more luminous and 
larger than in the lateral view (Ex > - T n c film w a s 1LFORD HP5 400 ASA. As 
one can see the tracks in the SSSC are a succession of well localized plasma dots. 
The 13 sections high voltage pulse generator was that of Arkadiev-Marx type de
scribed in ref. 1 and the electric field on the SSSC electrodes was about 195 kV. 
The SSSC we used was a glass cylinder of 23 cm internal diameter and 7 cm in
ternal height. The walls were 1 cm thick. The filling gas was an admixture of 
98.5°/ 0 of hydrogen and 1.5 0/Q of methane fluxed at 501 h - 1 . 

°Present adress; JINR, Dubna, USSR. 

1. F. Balestra et al, Nucl. Instr. and Meth. 119(1974) 347 and 125 (1975) 157. 
2.1. V. Falomkin et al, Nucl. Instr. and Meth. 131(1975) 431 and Nuovo Cim. Lett. 16.(1976) 117. 
3.1. V. Falomkin et al, Nucl. Instr. and Meth. 137 (1976) 589. 
4. L. Busso et al, report 1NFN/AE - 77/7 (1977). 
5. F. Balestra et al, 'etter of intent CERN/PSCC/79-58 (1979) 
6. H. Poth, Proc. of Workshop on Physics with Cooled Low Energetic Antiprotons (Karksruhe, 1979). 
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THE PLASTIC BALL, A 4* DETECTOR FOR RELATIVISTIC HEAVY ION REACTIONS 
H. H. Gutbrod, M. R. Maier, J. Peter, A. M. Poskanzer, H. G. Ritter, 

H. Stelzer, R. Stock, A. I. Warwick, F. Weik, H. wieman 
Gesellschaft fur Schwerionenforschung, Darmstadt, West Germany, 

Lawrence Berkeley Laboratory, Berkeley, CA 94720 USA, 
and Fachbereich Physik, Universitat Marburg, Marburg, West Germany 

Single particle inclusive data from high multiplicity events tend to 
indicate strong thermalization in relativistic heavy ion reactions. However, 
Bevalac and similar high energy accelerator research has passed from the 
stage where only one particle from each event is measured and has advanced to 
attempts to measure many or all of the charged particles produced in each 
event in order to look for collective effects that are predicted by different 
theories and indicated by latest experiment. 

The GSI-LBL collaboration at the Bevalac is currently engaged in the 
design and fabrication of a spectrometer having nearly 98% of 4n solid angle 
acceptance. The spectrometer consists of two systems: the Plastic Ball and 
the Plastic Wall. 

The Plastic Ball is a multidetector system covering a solid angle of 96% 
of 4w. Each element is a AE-E detector where the AE counter is a 4-mm thick 
CaF^ crystal and the E detector is a 36-cm long plastic scintillator. Both 
are optically coupled and read out by one photomultiplier. The AE and E sig
nals are separated by pulse shape analysis (phoswich idea). The shape and 
the geometrical arrangement of the counters was adopted from the SLAC Crystal 
Ball detector. In order to take into account the strongly forward peaked 
particle distribution a finer division was necessary in the region between 
10° and 30°. Thisoregion contains 160 modules. 655 counters cover the angu
lar range from 30° to 160°. Each detector provides particle identification 
and measures the particle energy in the range from 30 to 210 MeV for protons, 
from 45 to 330 MeV for deuterons, from 55-390 MeV for tritons, from 124 to 
880 MeV for 3He and from 135 to 980 MeV for 4He. F 0r slower or faster 
particles only a multiplicity information is obtained. Positive pions from 
15 to 120 MeV are in addition to the AE-E identification detected by their 
delayed decay. 

The Plastic Wall is a multielement time-of-flight detector that is placed 
6 m downstream from the target and covers the most forward angles. The Plas
tic Wall serves together with an upstream counter as a trigger counter. 
Selection criteria concerning the multiplicity and the velocity of the for
ward particles may be applied, allowing, e.g., the study of extreme types of 
events where no beam velocity particles are in the forward cone. In addition 
certain patterns in the wall can be selected and used as a trigger, e.g., for 
semi-peripheral collisions. 

Since the detection scheme is based on stopping the particles, the main 
domain of the spectrometer is the investigation of central collisions at low 
and intermediate Bevalac energies. The initial experiment, scheduled for 
summer 1980 will use a *°Ar beam on a°Ca and 2 0 8 P b targets. 
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THE PLASTIC WALL 
A. Baden, H. H. Gutbrod, H. R. Maier, J. Peter, A. M. Poskanzer, 

H. G. Ritter, H. Stelzer, R. Stock, A. I. Warwick, F. Weik, 
and H. Wieman 

Gesellschaft fiir Schwerionenforschung, Darmstadt, Germany 
and Lawrence Berkeley Laboratory, Berkeley, CA 94720 USA 

The Plastic Wall is a multisegmented TOF detector to measure at small 
angles the shower of reaction products from relativistic nuclear collisions. 
It covers an area of 192 x 192 cm? and consists of scintillators arranged 
in an inner and an outer area. The inner one is a square of 48x48 cm^ 
consisting of 36 individual counters each 4 cm thick. At a distance of 
600^cm from the target this area covers an angular region of about 0° to 
2.5°. The outer region extends to ~9° and consists of 60 pairs of posi
tion-sensitive scintillation detectors. The Wall can be moved on rails and 
comparison of the time of flight at two different known distances allows an 
absolute time calibration if the mass of the detected fragment, e.g., the 
beam particle, is known. The distance of 6 m corresponds to flight times 
varying from 24 nsec at 800 MeV/n to 65 nsec at 50 MeV/n. The width of the 
scintillators of 8 cm results in an angular resolution of 0.75°. 

The inner region of the Plastic Wall will provide the event trigger for 
both the Plastic Ball and the Wall. For high intensity experiments the 
inner part is removed. 

The purpose of the Wall's outer region is to detect the reaction pro
ducts of projectile fragments at angles between 2° and 9° with sufficient 
angular resolution and sufficient multiparticle detection capability. It is 
made of 60 position-sensitive double modules, each consisting of two scin
tillator rods with dimensions of 72 x 8 x 4 crn̂ . Each scintillator of the 
double module is viewed by one photomultiplier at different ends (Fig. 1). 
The time difference between the two photomultiplier signals gives the longi
tudinal position of the particle the mean time gives the flight time from 
the upstream detector. 

For high energy charged particles the dE/dx in one or both scintillators 
combined with time-of-flight determines Z and E/n. For energies below 
120 MeV/n, particles are stopped in the wall. Thus the velocity measurement 
and the E information determines the mass of the stopped particles. The 
double coincident dE/dx information for particles above 80 HeV/n, further
more, allows one to discriminate against neutron and y response in the scin
tillators, which is rather important since as many neutrons as protons are 
expected for light projectiles at forward angles. In tests hith beam parti
cles, a time resolution in a double module of 350 psec (FWH! / was obtained 
without any off-line walk correction. 

TOF-PLASTIC HALL 
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A LARGE POSITION SENSITIVE NEUTRON DETECTOR 

target 

P. Netter, H. Gemmeke,1^ R. Schreck, L. Lassen 
Physikalisches Institut der Universit'a't Heidelberg 

6900 Heidelberg, FRG 
For the measurement of neutron angular distributions a large position 

sensitive neutron detector has been developped. It consists of a quartz-tube 
of 1 m length with rectangular profile (11.5 cm height x 6 cm) filled with 
NE-213 and viewed from both ends by RCA 8854 photomultipliers (PM), see fig. 
upper part. The counter is designed to cover an angular range of about 50 
(-145 msr) for a flight path of 1 m. Container materials and geometry have 
been optimized by means of Monte-Carlo-Simulations. 

The position information is 
obtained from the difference be
tween the light travelling times 
to the PMs (x r and TI in the 
figure): x=l/2(TL-TpJ-c/n with 
c=light velocity, n=refraction 
index of NE-213. The energy is 
calculated from the neutron 
time-of-flight. Therefore a 
time signal is derived which is 
independent of the neutron de
tection position. Using the fact 
that the sum of the light paths 
is determined by the constant 
scintillator length, W T R + T L ) 
•c/n, the time-of-flight is 
given by t=l/2(tR+t|_-Jl-c/n}. 
The scintillator light is at
tenuated by absorption in the 
quartz walls and in the scin
tillator itself. This gives 
rise to a weak position-depen
dent light collection (factor 
1.06 in the sum of lightout-
puts between middle and far 
end) and to the fall off of 
the efficiency curves (see fig., 
measured with "'Cf-source) only 
at the ends of the detector. In 
spite of its length the counter 
shows good n-y-discrimination properties. The time resolution obtained for y-
rays is about 600 ps and depends on 3 components: 1) Geometry:ratio between 
thickness of scintillator and distance from the target, 2) signal to noise ra
tio and 3) variance of light paths. The latter is also given by the geometry 
and determines simultaneously the minimum position resolution of 5 cm. This 
value is already reached at energies of -3-4 MeV and smears out to about 15 cm 
at low n-energies (1 MeV). 

The detector has been succesfully used in measurements of a preequilibri-
um neutron component during deep inelastic collisions. 
..Supported by the Federal Ministry for Research and Technology (BMFT), FRG. 
'Present address: FB Physik, Philips-Universitat Marburg, FRG. 
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A WIDE RANGE COMPUTER CONTROLLED ENERGY VARIATION OF CYCLOTRON 
AND BEAM HANDLING SYSTEM* 

P.D. Eversheim, F. Hinterberger, P. von Rossen and B. Schiiller 
Institut fur Strahlen- und Kernphvsik der Unlversitat Bonn, 

D-5300 Bonn", FRG 
At the Bonn Isochronous Cyclotron a versatile microcomputer 

system is developed enabling an automatic energy variation of 
about 75 % of the full energy range ( 7 - 1 4 MeV/amu). The beam 
handling system consists of two 90 analysing magnets and ten 
quadrupole lenses. The compute!" control is supported by several 
autonomous beam stabilization control circuits yielding the 
optimum beam alignment and beam energy matching between cyclotron 
and analysing system. The analysing magnets are NMR stabilized 
to about 3 • 10~ 6. The main task of the whole system is the 
study of extremely narrow and weak and/or broad resonances over 
a wide energy range. 

The energy variation is carried out stepwise. The total 
number of steps, the step width and the starting energy are ad
justed according to the experimental requirements. An energy 
change-over is performed within 20 - 40 s depending on the step 
width. 

For reasons of reliability and versatility a rather small 
system was developed with utmost transparency of the hardware, 
software and application. For this reason there is a double bus 
system, i.e. a 12 bit bus and a 24 bit bus. The interconnection 
between these systems is handled by a BIN/BCD, BCD/BIN and a 
BIN/BIN interface. A high performance arithmetic processor is 
implemented. There is the additional possibility to transfer 
calculations to a scientific pocket calculator (TI-59). The mini
computer is a PDP 8 equivalent with real time clock, direct 
memory access and a 32 K memory address field. 

*The work has been supported by the Bundesministerium filr 
Forschung und Technologie. 
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NUCLEAR ORIENTATION OF ON-LINE SEPARATED ISOTOPES 
L. Vanneste*. D. Vandeplassche, J. Geenen, C. Nuytten, E. Vandewalle 

Instituut voor Kern- en Stralingsfysika, 
Leuven University, B-3030 Leuven, Belgium 

Although on-line separation has become a widespread technique, no attempt 
has been reported yet at combination with low temperature nuclear orientation. 
The usefulness of this combination is obvious in clarifying decay schemes as 
well as in the study of nuclear moments. Even with small production rates, 
anisotropy coefficients can easily be measured for y- and ^-transitions through 
singles counting. Therefore a new experimental set-up has been coupled to the 
Leuven Isotope Separator On Line at the Cyclone cyclotron. It allows for con
tinuous implantation of a beam of separated ions into a ferromagnetic foil at 
temperatures below 30 mK : this means that almost any isotope can be oriented 
to a useful degree without loss of activity. The central part of the set-up is 
a high power JHe-*He dilution refrigerator coupled through helium cooled trans
port lines and adjustable baffles to the central beam transport line of the 
isotope separator. 

To circumvent the limitation to lifetimes below the spin-lattice relaxa
tion time (which can amount to several minutes in unfavorable cases) a seconda
ry "in beam" orientation facility has been instated in the connecting beam 
line. The orienting mechanism then is based on the effect of hyperfine pola
rization achieved through pick-up polarized of d-electrons dunng scattering at 
grazing incidence on a magnetised nickel single crystall). 
Implantation at low temperatures is still required, this time for preservation 
of the orientation for a period of time at least equal to the lifetime of the 
separated isotope. Both methods complete each other for systematic orientation 
study down to the shortest lifetime. A system of deflection plates and move
able beam transport lines allow to switch from one mode to the other in a short 
time. The collecting low temperature foils can be changed also without stop
ping the cooling cycle. First tests of the set-up have been performed and 
some preliminary results obtained. 
x This work is supported by the National Science Foundation of Belgium. 
1) C. Rau, R. Sizmann, Phys. Lett. 37A (1971) 113. 
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DIOGENE, A 4n DETECTOR SYSTEM FOR RELATIVISTIC HEAVY ION PHYSICS 
J.P. Alard, J. Augerat, R. Babinet, F. Brochard, Y. Cassagnou, 

J.P. Costilhes, H. Drouet, L. Fraysse, J. Girard, P. Gorodstzky, J. Gosset, 
J. Julien, R. Legrain, D. L'Hote, B. Lucas, M.C. Mallet, A. Papineau, 

M.J. Parizet, J. Poitou, M. Suffert, J.C. Tamain, Y. Terrien 
DPH-N, CEN-Saclay, B.P. 2, 91190 Gif-sur-Yvette, France 

CRN Strasbourg, 67037 Strasbourg Cedex, France 
LPC Clermont-Ferrand, B.P. 45, 63170 Aubiere, France 

High energy nuclear collisions present a great interest for the study 
of collective effects in highly excited nuclear matter. They can give firm 
signatures of exotic processes like shock waves, phase transitions, super-
dense matter, pion condensation. Such investigations need new types of 
detectors, which must be able to detect not only a large multiplicity of 
charged particles, but also their nature, their angle of emission and their 
energy, in a large solid angle, in order to perform as much exclusive mea
surements as possible. The first experiments which are+planned at Saturne by our group ') are measurements of the ratio between IT- and p multiplicities 
for heavy ions between 100 MeV/A and 600 MeV/A. We are also interested by 
the multiplicity distributions of pions. Measurements of this type are of 
fundamental interest for an approach of exotic phenomena in nuclear matter. 

"Diogene" is a well suitable detector for such studies. It consists 
of a cylindrical time projection chamber (TPC) associated with a trigger 
system. The TPC is divided into 10 sectors, each of them having a plane of 
anode wires separated by potential wires. An electric field of 1.5 KV.cm" 
is used for drift time measurements, and the pressure inside the chamber is 
about 4 atm. (Ar + C3H8). The trajectories of the particles are recorded in 
three dimensions. The three coordinates are respectively given by the drift 
time, the wire number and the ratio of the charges at both end of each wire. 
The momenta of the fragments are obtained by measuring the curvature of the 
trajectory, by a 1 Tesla axial magnetic field. Measuring both momentum and 
energy loss of the fragments permits their identification. 

The trigger is composed of 30 plastic scintillators associated with a 
32 input coincidence circuit (majority adjustable from 1 to 30). Also, 
multiwire proportional chambers are used upstream and downstream the TPC 
for forward and backward detection. This trigger will be used to select 
the most central collisions by a multiplicity cut off. One sector of the 
TPC is being tested with cosmic rays and secondary trains at Saturne. The 
whole detector will be operational in spring 1981 when heavy ions are 
available. 

1) 
Diogene collaboration, Proposal n° 43, Laboratoire National Saturne, 
May 1979 (unpublished). 
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STUDY OF THE p + d - t + „+ REACTION AT 0.8 GeV* 

S. Iversen, Kama! K. Seth, H. Nann, M. Kaletka and J . Hird 

Northwestern Universi ty, Evanston, IL 60201 

B. Hoistad and R. L. Burman 

Los Alamos Sc ient i f i c Laboratory 

G. Kyle 

University of Minnesota, Minneapolis, MN 55455 

10 Differential cross sections for 
the reaction p + d + t + u + have beet' MF 
measured at T p=0.8 GeV at the HRS at LAMPF in the angular region e(cm)=ll° 
to 120°. The data is characterized by 
a sharp fall from 11° to 50°, a region 
of gentler slope from 50° to T.100° and 
indications of a rise at back angles. 
In these characteristics the data is 
very similar to that for elastic 
scattering of 800 MeV protons from 
deuterium^) and must reflect the domi
nant influence of the deuteron form 
factor. 

The experimental results will be 
compared with recent results for the 
related reactions z«-M) p + d+ 3He + „ 
and n+d i-3He + ir" and the most recent 
theoretical calculations.5,6) it will 
be shown that these calculations are 
not successful in describing even the 
general characteristics of the data. 
In particular they fail to reproduce 
the back angle behavior. 
•Supported in part by the U.S. 
Department of Energy. 

Rev. C, E. Winkelmann et a l . , Phys 
accepted for publication. 
H. P. Grotz et a l . , Proc. 8th 
ICOHEPANS (Vancouver), unpublished. 
p. 87. 0.1 
J. Carroll et al., Nucl. Phys. A305 U 
(1978) 502. 
J. Lo et al., Ph.D. dissertation, 
Univ. of Houston, unpublished 1979 
H. W. Fearing, Phys. Rev. C16 
(1977) 313. 
A. M. Green and E. M. Maqueda, 
Nucl. Phys. A316 (1979) 215. 
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P10N-DEUTER0N EXCITATION FUNCTION AT 97r=180° AND THE J=3 
DIBARYON RESONANCE 

R.Frascaria, I.Brissaud, J.P.Didelez 

IPN, BP n ° l , 91406 Orsay, France 

C.Perrin 

ISN, 38026 Grenoble, France 

J.L.Beveridge, J.P.Egger, F.Goetz, P.Gret i l la t , R.R.Johnson, 
C.Lunke, E.Schwarz 

Ins t i t u t de Physique, CH 2000, Neuchatel, Switzerland 

B.M.Preedotn 

U. South Carolina Columbia SC 29208, U.S.A. 

'c . The TT+D ex C i ta t ion function at 6^=180° has been measured recently at SIN 
v Switzerland) 1) in the c m . total energy range W •£_ 
corresponding to the 3 F 3 dibaryon resonance obser .* 2 

ved in pp scattering at 2.20-2.26 GeV 2). This E 
d i f ferent ia l cross section is plotted ( f i g . l ) ~ 

versus W in comparison with a f u l l r e l a t i 
v i s t s three-body calculation of Lamot et a l . 3 ) 
where a l l the S and P TTN waves (except P,i) and 
the 3 Si- 3 Di NN waves are included. The general 
slope is well reproduced except for 2200<W<2260 
MeV. In the hypothesis that the J=3 NN resonance 
may couple to the TTD channel, we can calculate Q 

the to ta l cross section by mean of a Breit-Wigner^ 
multichannel resonance formula b ! 
a T = i 2 < l ( 2 0 + 1 ) _ ^ T w i t h „_ r*D 

o 
CO 

S 
•o 

°T = - 3 - i<^+±; YZP' W 1 t n x = "p a n d e=2(w-wr)/r 
For Wr=2236 HeV ( V 2 5 0 MeV, < z=4.17 mb ) that 
yields oT(J=3)=12,22mb for r=100MeV and x= 0 . 1 . 
This value is closed to the difference (A) between 
07 calculated by Giraud e t a l . 3 ) and the accurate 
experimental value of r e f - ^ ^ S to 15mb). A 
Breit-Wigner resonance formula can also be wr i t ten 
fo r the elast ic d i f fe ren t ia l cross section at e n= 
180°. Using the formulae of r e f . 5 ) with the spe
c i a l values of Legendre functions at cose=-l leads 

-l 1 I I I—I | ~ T 

to da 
The resul t 

2.2 2.3 
F ig . l W(GeV) 

shown r is 
^ ( 1 8 0 ° ) - ^ [ { J + D ' + J * ] ^ 

of th is calculation with the above numerical values for Wr and x, 
on figure 1 (curve b ) . 

Two remarks must be done : 1) the adjonction of P n wN wave in the 3-body 
calculation can also reduce the discrepancy between the calculated and experi
mental cross-sections ; 2) more experimental data are needed to allow a valua
ble phase sh i f t analysis in this energy, region. 

' ) R.FrascaHa et a l . , to be published 1n Phys. Lett. 
M I.P.Auer et a l . , Phys. Lett. 678 (1977) 113; 708 (1977) 475; Phys. Rev. Lett. 41 (1978) 354; 41 (1978) 1436 
' ) G.Umot, private comminlcatlimrN.GIrairi et iTTPhys. fc». C 19 (1979) 465. ~ ~ 
*) E.Padroni et a l . , Noel. Phys. A300 (1978) 465. ~~ 
' j J.Raynal, Rapport CEA-R2S11 (19S5T. 
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PRECURSOR OF PION CONDENSATION IN THE QUASI-ELASTIC PEAK 
W.M.Alberico, M.Ericsonf* and A.llolinari** 

t Istituto di Pisica dell'UniverBita di Torino, Italy 
•University Claude Bernard Lyon I, 69621 Villeurbanne, France 
* CERN, Geneva, Switzerland 

The phase transition of pion condensation is heralded in the 
disordered phase by an increase in the life-time of the fluctua
tions for the staggered magnetization. This precursor phenomenon 
entails, in ordinary nuclei, a slowing down of the nuclear quasi-
elastic response when observed with apin-sensitive probes. 

We have investigated this effect starting from the EPA expres. 
sion of the response function of the infinite nuclear matter — 

where 17 includes the Lindhard function and the A-particle - nu 
cleon hole propagator and the particle-hole interaction is ~ 

TCq 2) being the form factor of the TIN vertex. 
The "collective singularities" of (1) coincide with those of 

the pion propagator 

We have then explored, in a convenient range of values of the Mig 
dal parameter g't at which densities O c and momentum q c the to- 0 
singularity (the one associated with w pion condensation) occurs. 

Next the attention has been focussed on the ImTT"* Ol»W), 
which is proportional to the response of the syatem. We have found 
that this quantity is enhanced at low frequencies for q*q c still 
at the ordinary nuclear density f* (< ?e ) • 

In conclusion we shortly discuss the possibility of detect 
ting this effect with backward inelastic electron scattering 
(which is dominated by the magnetic interaction) in light nuolei. 
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HYPERNUCLEAR PRODUCTION VIA THE ( i r + , K + ) REACTION 

C. B. Dover 

Brookhaven National Laboratory 
Upton, New York 11973 

L. Ludeking + + and G. E. Walker + + 

Indiana University 
Bloomington, Indiana 47401 

We have investigated the possibility of producing hypernuclei with ener
getic pion beams via the (TT+.K'") process. Due to the sizable momentum trans
fer involved (q : 300 MeV/c at B L=0°), the (n+,K+) reaction is found to 
preferentially populate the highest spin natural parity configurations which 
can be obtained by coupling a A or 1° particle to a neutron hole. We have 
calculated differential cross sections to various hypernuclear final states in 
plane wave approximation (PWA), 
distorted wave Impulse approxima
tion (DMIA) and the eikonal (EIK) 
approach. The DWIA and EIK cross 50 
sections are in good agreement, and 
typically reduced in magnitude by a 
factor of 5-10 relative to the PWA, zo 
due to absorption. Sample results 
for the ( T + , K + ) reaction at 1.04 
GeV/c on a *°Ca target are shown in l 0 

the figure. Cross sections of 5-20 
pb/st at 0° are typical for high ,. 5-
spin "stretch" configurations in a 
wide range of hypernuclei. The 
cross sections for the population of 
the natural parity ground states 
(ASjJ remain above 2ub/st at 0" for 
closed shell targets with A&60, We 
have also calculated the quasi-free 
continuum background. Because of 
the large q for (u+,K*"), this back
ground is much broader and smaller 
in average magnitude as a function 
of excitation energy than that for 
the (K~,ir~) reaction, for which q Is 
small. Thus it should be possible 

0.5 

0.2 

0.1 

1 1 1 •• 1 1 -

* 0 C o ( i r + , K * > ' 
k , L = 1.04 GeV/c 

f^lAii*n4df 

-

\ \ 
\ \ 

\ \J 
( A P 3 / Z , n d 3 / Z , r " ! ^ ' 

Vv 
V " \ -
\ vV \ ^ 

\ V 
\ \ 
\ \ 

WOODS-SAXON \ \ 
OSCILLATOR 

t i i I i 

\ _ \ \ \ 
9 12 IS IB 21 to resolve discrete An" x states with 

a few ub/st of cross section from 
the quasielastic background, using existing pion beams in the 1-1.5 GeV/c 
range, for instance at the Brookhaven AGS. The class of high spin hyper-
nuclear states populated at 0° in a (it+,K+) reaction is complementary to those 
seen in the "crossed" (K",ir~) reaction at 0°, where only low spin states are 
seen. The (ir+.td") reaction thus offers unique possibilities for extending 
our knowledge of hypernuclear structure. 

t Supported by the U. S. Department of Energy under Contract No. DE-AC0Z-
76CHO0016. 

tt Supported in part by the National Science Foundation. 
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STRONG ABSORPTION MODEL FOR ELASTIC AND INELASTIC SCATTER
ING OF HIGH ENERGY PROJECTILES FROM NUCLEI 

D.C. Choudhury 

Department of Physics 
Polytechnic Institute of New York 

Brooklyn, New York 11201 

Most of the experimental data on high energy scattering of strongly 
interacting particles from nuclei (such as pions, nucleons, and composite 
systems of nucleons) have'been analyzed within the framework of Glauber's 
theory ) of multiple scattering and/or of the optical model ) of Kerman, 
McManus and Thaler. Both of these theories have been very successful in 
reproducing the experimental data. However the numerical results in both 
of these theories can be obtained only by extended computing facilities. 

In the present papsr a simple model within the framework of partial 
wave expansions in the adiabatic approximation is developed to calculate 
the elastic and inelastic scattering of high energy nucleons or composite 
systems of nucleons from nuclei. The approach of the„present work is 
closely related to that of the papers of Chou and Yang ) for very hujh 
energy proton-proton scattering. It is shown that the present model ) , 
apart from a multiplicative form factor depending on scattering angles and 
the nuclear surface thickness, is approximately equivalent to that of the 
diffraction of waves by a black sphere of radius equal to that of the 
target nucleus in the Fraunhofer approximation. There appear two para
meters into the formulation. One is the effective equilibrium radius of the 
target nucleus and the other is the effective thickness of the nuclear 
surface. 

The model is applied to analyze the recent experimental data from 
SacLay5) MI elastic and inelastic scattering of 1.37 GeV a-particles from 

' ' ' Ca. It is found that the calculated differential cross sections of 
elastic and inelastic scattering and those measured experimentally are in 
excellent agreement. Application of this model to high energy nucleon-
nucleus scattering is also discussed. 

+Major part of this work has been carried out during the author's stay at 
the Niels Bohr Institute, University of Copenhagen, while he was on 
sabbatical leave from Polytechnic Institute of New York, Brooklyn, N.Y. 
11201 
1. R.J. Glauber, in Lectures in Theoretical Physics, eds. W.E. Brittin 

and L.G. Dunham ( Interscience Publishers, Inc., N.Y. 1959) Vol.1, 
p . 315 

2. A.K. Kerman, H. McManus and R.M. Thaler, Ann. of Phys. 8 (1959) 
551 

3. T.T. Chou and C.N. Yang, in High Energy Physics and Nuclear 
Structure, ed. G. Alexander (North-Holland Publishing Co., Amster
dam, 1967) p.348; Phys. Rev. 170 (1968)1591; Phys. Rev. 175 (1968) 
1832 

4. D.C. Choudhury, Publications from the Niels Bohr Institute, Univer
sity of Copenhagen, NBI-79-25 

5. G.D. Alkhazov et al . , Nuci. Phys. A 280 (1977) 365 

[ 
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IMPORTANCE OF SHORT RANGE CORRELATION IN PION-NUCLEUS BACKWARD SCATTERING 

L. C. Liu 

CNC-11, Los Alamos Scient i f ic Laboratory 
Los Alamos, New Mexico 87545 

Pion-nucleus elastic scattering was studied at a l l scattering angles 
(0° to 180°) in the (3,3) resonance region. We started our analysis with the 
use of a parameter-free f i rs t -o rder optical potential supplemented with a 
phenomenological second-order optical potential.(1) While i t is possible to 
obtain an excellent f i t to pion-helium scattering data at a l l angles by using 
(uncorrelated) shell-model nuclear wave functions, i t is not possible to 
account fo r the pion-carbon backward scattering data (2) with the same pre
scr ip t ion. Our analysis indicates that both short range nucleon-nucleon 
correlat ion and higher-order pion-nucleus reaction mechanism are needed to 
explain the data. We believe fur ther experimental studies of backward pion-
nucleus scattering should provide valuable information on these aspects of 
nuclear structure and pion-nucleus dynamics. 

1. L.C. L i u , Phys. Rev. C17 (1978) 1787. 
2. J . P i f f a r e t t i , private communication. 
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ASYMMETRY IN THE REACTION p + d •* t + ir+ at 0.8 GeV.* 
Kama! K. Seth, H. Nann +, S. Iversen and H. Kaletka 

Northwestern University, Evanston, IL 60201 
Polarization asymmetries have been measured for the reaction p+d •* t+ir+ 

at T(p) = 0.8 GeV with a polarized proton beam at the high resolution spec
trometer (HRS) at LAMPF. Data has so far been taken only in the angular 
range e(cm) = 11° to 75°. A remarkably strong structure has been observed in 
the asymmetry (see Fig. 1). Unlike TRIUMF experiments at ^300 MeV, 1) this 
structure bears no easily recognizable relation to the asymmetries in the 
elementary reaction £ + p •* d + TI+ measured by us at 800 MeV. z) On the other 
hand, in the angular range 11° to 60° the structure is found to 
be very similar to that observed by Winkelman et al.3) in the elastic scat
tering of 800 MeV polarized protons from deuterium. However, above 60°, 
there are strong indications of differences, the elastic scattering asymme
tries begin to fall, while pion production asymmetries keep rising. We ex
pect to extend these very provocative measurements up to e(cm) = 150° in the 
near future. The results should be of critical importance in determing at 
what point the effects due to deuteron form-factor cease to dominate and the 
characteristic aspects of the pion production channel emerge. 

T-j 1 1 1 1 T 

I I I I I I I I I 
0 20 40 60 BO 100 120 140 160 180 8 (cm) 
Fig. 1. Measured analyzing power, Ay,for the reaction p + d •» t + * + , thick line with 
data points. Ay for J! + d * p + d from ref. 3, dashed line. A„ for p t d * d + » + 

from ref. 2, thin line. T(p) = 800 HeV for al l reactions. 

*This work was supported in part by the U.S. Department of Energy. 
'''Now at Indiana University, Bloomington, Indiana 47401. 
1. G.-Jones, Proc. 2 n d Internat. Conf. on Meson Nucl. Phys. (Houston), ed. 

E. V. Hungerford III (Amer. Inst. Phys., New York, 1969) p. 116. 
2. H. Nann et al., Phys. Lett 88B (1979) 257. 
3. E. Winkelman et al., Phys. Rev. C, accepted for publication. 
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Comparison of the reactions 1 60(IT+.P) 0, 1 60(v,n) 1 50 and 1 60( Y.p) 1 5N 

B. Schoch and H. Gb'ringer 

Institut fiir Kemphysik, Universitat Mainz 

First measurements of the 1 60{y,n) 1 50 reaction leading to the ground 
state and the 3/2~-state are compared with measurements 1*0(y,p) 1 5N and 
i 60(u +,p) 1 50 for momentum transfers of 1.6 fm"1 < q < 3fm _ 1. The ratios 

Rn - 1 6 0 ( ^ n ) 1 5 ° 3 / 2 - , R / > = 1 6°(^P) 1 5 N3/2- and R / > = 1 6 0 U * , P ) 1 5 0 3 / 2 -
«0(T.n)"0^ < s_ 1 G 0 ( Y , P ) 1 5 N G S " i60(„\p)i5oG_s_ 

as a function of momentum transfer are shown in f i g . 1. A strong deviation 
from the value 2, derived from the occupation numbers, as a function of 
momentum transfer is observed. This deviation of the ra t io is predicted qua
l i t a t i v e l y ( l ine and dotted l ine) in calculations with a model*) assuming the 
absorption of the photon or the pion takes place by correlated neutron-proton 
pai rs . In this model the formfactor of the residual nucleus dominates the 
form of the cross section as a function of momentum transfer. Whereas the 
1 5NG.S.or 150G.s-systems have deep minima in the formfactor, the quadrupole 
contribution in l 5 N3/2- and 1 5 03/2- f i l l s in these minima. The peak in these 
ra t ios occurs at a momentum transfer close to these minima. 

T t * R ( ^ S ^ 
°lf.pl N G 5 . 

i 
i 

, l 6 OnO>) I S 03;2- , 
1 , 5 0 . < P . , % 0 . 5 . ' 

60 "" 100 MO 180 Ev-|M«VI 
1.46 2.0S Z S W q (lm*l 

Fig. 1 

1) H.J. Leitch, Ph.D. Thesis, MIT, 1979 
2) D. Bachelier et al., Phys. Rev. C15 (1977) 2139 
3) B. Schoch, Phys. Rev. Lett. 41 (T97B) 80 
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GENERAL FEATURES OF TOTAL HADRON-NUCLEUS REACTION CROSS SECTIONS 

H.-O. Meyer 

Indiana University Cyclotron Facility 
Bloomington, Indiana 47405 

Total reaction cross sections OR for many hadronic projectiles (ir+,ir-, 
p,n,p,K+,K-,d) and bombarding energies from ZOO MeV to 300 GeV on several 
target nuclei (Li,Be,C,Al,Cu,Sn,Pb) have been compiled. For each measurement 
of o R the corresponding experimental 
spin-and isospin-averaged free projec-
tile-nucleon total cross section a 
is also determined. It is found that 
OR and a are well correlated for any 
given target (see figure). This im
plies that a model to calculate <JR 
has to depend only on the elementary 
cross section o and not explicitly 
on charge, mass, energy, etc., of the 
projectile. The Glauber model in the 
optical limit (which fulfills this 
condition) provides a good represen
tation of the data (dashed line in 
figure). 

In addition, the data indicate 
a possible oscillatory fluctuation 
of OR around a smooth average value 
(best seen for the targets C, Al, 
and Cu). Arguments will be presented 
which support the existence of such 
an oscillatory behavior. A mechanism 
which would explain such oscillations 
has so far not been found. 
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POSITIVE-PION PRODUCTION BY 149-165 MeV PROTONS ON 1 6 0 AND 2 8Si+ 
T. P. Sjoreen, F. Soga, R. D. Bent, P. H. Pile,ft 

R. E. Pollock, and M. C. Green 

Indiana University Cyclotron Facility 
Bloomington, Indiana 47405 

The energy dependence of the (p,it+) reaction on targets of 1 0 B and '•"Ca 
leading to the ground states of 1 1 B and '•'ca, respectively, has been studied 
previously in the near-threshold region (Tp <_ 20C MeV). U Similar data for 
transitions leading to the ground and first excited states of 1 7 0 and the 
ground, 1.27, 2.03 and 3.62 MeV final states of 2 9 S i have been obtained at 
proton energies of 149-165 MeV to help determine whether the main features 
of the angular distributions are due to nuclear structure or the reaction 
mechanism. When combined with the Uppsala measurements^) (Tp=185 MeV), the 
results cover a range of pion energies from 7 to 45 MeV. Generally, the 
angular distributions are characterized by a single minimum in the forward 
hemisphere. A prominent energy dependent feature of these distributions is 
the shift of the minimum to larger 
values of momentum transfer q with 
increasing pion momentum p-ir. This 
was also observed for the transition 
to the "^Ca ground state,'•' where it 
was observed that q at the minimum 
Imin varied linearly with p^ accord
ing to dq m l n/dp n = 0.82±0.09. As
suming a linear dependence for the 
final states in 1 7 0 and 2 9 S i , least 
squares fits to the data yield values 
which are consistent with the l , 1Ca 
results (see figure). Another fea
ture which is indicated by the figure 
is that for transitions involving 
the same neutron orbital the minimum 
occurs at larger values of q as the 
target mass A decreases. This result 
suggests that angular distributions 
for transitions to states involving 
p-shell orbitals have no minima*' 
simply because the reactions have 
been measured at values of q which 
are too small for q min C o occur. 

+This work supported by the National 
Science Foundation. 

"̂•"Present address: Carnegie-Mellon 
University, Pittsburgh, Pennsyl
vania 15213. 

1) P.H. Pile et al., Phys. Rev. Lett. 
42^ (1979) 1461. 

Z ) !;,wJf£? o/V 1" N U C l " P h y S ' '" 20 4 ° 60 80 100 120 140 
*&- ( 1 9 7 4 ) 2 4 5- Pir(MeV/c) 
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STUDIES OF i?° PRODUCTION NEAR THRESHOLD 

D. Jenkins, 0. P. Gupta, D. Long, M'. Madden 

Virginia Tech 
Blacfcsburg, Virginia 24061 

A. Bacher, G. Emery, M. Plckar 

Indiana University 
Bloomington, Indiana 47405 

P. Debevec 

University of Illinois 
Urbana, Illinois 61801 

We have begun a series of measurements which will measure the cross 
section for (p,ir°) reactions on a range of nuclei with both unpolarized 
and polarized beams. The energy and angle of the -n" is inferred from its 
decay gammas by a measurement of the angle and energy of each gamma. 

To analyze the (p,ir°) experiments for an unpolarized beam, we expand 
the differential cross section in the center of mass assuming only s and p 
waves do= a + b cos 6 + c cos 2B. The angular distribution of gammas in the 

da 
lab can be related to the parameters for this differential cross section. 
By measuring the angular distribution of gammas in the lab and fitting 
their distribution to obtain the parameters a, b, and c, we obtain the 
angular distribution of pions in the center of mass. Since we are not 
reconstructing each event to obtain the it° distribution in the center of 
mass, an energy measurement is not required but is useful in discriminating 
against background events. 

The counter arrangement consists of lead-glass, wire-chamber hodoscopes 
on opposite sides of the target. Pions in the target decay to gammas which 
are detected in the gamma counters. The system measures the angles of the 
gammas relative to the direction of the incident proton and the opening 
angle between the two gammas. To measure the angle of the gamma, we use the 
technique described by Heusch*. The gamma is converted in lead glass and 
the trajectories of the converted electrons are measured with wire chambers. 
The track is extrapolated back to the converter to find the interaction 
point. The gamma angle can be determined once an interaction point is 
known relative to the target. 

Large lead glass counters behind the wire chambers measure the remain
ing energy of the converted electrons which can be added to the energy 
recorded in the converter to obtain a crude energy measurement and complete 
the identification of the gamma. The total energy resolution is about 40% 
and the solid angle is 0.38 Sr. 

We have collected data on beryllium and oxygen at different energies 
and have completed our analysis of the 144.1 MeV 9Be data. The data (226 
points) were subjected to a maximum likelihood fit which yielded the follow
ing relative values for the parameters a, b, and c respectively: 1.000, 
-0.505 ± 0.176, 0.065 ± 0.045. 

1) C. A. Heusch, R. V. Kline, and S. J. Yellin, Nucl. Instr. and Methods 
120, 237 (1974). 
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A UNIFIED STUDY OF THE PI0N-3He INTERACTION FROM 0-300 MeV + 

K.-B. Yoo and R.H. Landau 
Department of Physics, Oregon State University 

Elastic and charge exchange scattering of pions from the three nucleon 
system (3H and 3He) were studied in the energy range from threshold to 300 
MeV with the purpose of extracting reliable nuclear structure information. 
The calculation was done within the multiple scattering formalism with the 
first order optical potential containing the charge and magnetic form factors 
determined by electron scattering measurement. Binding energy corrections 
and nucleon recoil effects have been incorporated into the pion-nucleon t-
matrix elements. The t-matrix elements were obtained using the most recent 
pion-nucleon phase shifts 1) and a consistent separable potential model 2'. 

The pion annihilation effect 
is included in two different ways. 
In the initial, phenomenological 
treatment, the terms second order 
in the proton and neutron densi
ties are added to the optical 
potential. Assuming the dominance 
of deuteron-like absorption and an 
isobar model, realistic spin and 
isospin dependence is achieved. 
The absorptive parameters are de
termined by comparing the scatter
ing length predictions with the 
relevant pion absorption rates for 
different channels. 

In our second treatment of 
annihilation, the microscopic de
scription developed by Phillips 
et al. 3), is modified and applied 
within a theoretical optical 
potential framework. Also invest
igated were several extensions 
of the lowest order theory, in
cluding multiple isospin-flip 
scattering, Coulomb force effects, 
and the spin dependence of annihilation. 

In general the agreement between the theoretical predictions and exper
imental data on elastic and charge exchange scattering is very good - even 
without parameter adjustment. 

I U • , i | i | i •] i | • | • 
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VS. 1 UCLA 
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\ \ \ 
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t This work was supported by the National Science Foundation, the Research 
Corporation, the OSU Computer Center, and Oregon State University. 

1. G. Rowe, M. Salomon, and R.H. Landau, Phys. Rev. C 1J[ (1978) 584. 
2. C. Coronis and R.H. Landau, to be published. 
3. A.C. Phillips and F. Roig, Nucl. Phys. B60 (1973) 93. 

686 



SYSTEMATICA OF ( i t + , 0 DOUBLE CHARGE EXCHANGE1" 

S.J. Greene, W.J. Braithwaite, D.B. Holtkamp, W.B. Cottingame, C.F. Moore 

University of Texas at Austin, Austin, Texas 78712 

G.R. Burleson and G.S. Blanpied 

New Mexico State Universi ty, Las Cruces, New Mexico 88001 

C.L. Morris and H.A. Thiessen 

Los Alamos Scient i f ic Laboratory, Los Alamos, New Mexico 87545 

Data for the (it ,u~) double charge exchange (DCX) reaction to discrete 
f ina l states has been acquired on a variety of nuclei . The reaction requires 
interaction of the pion with two nucleons in the target nucleus. Consequently, 
two nucleon interactions may play an important role in the reaction mechanism. 

The nuclei 1 6 ' 1 8 0 , Z 4 , 2 6 M g , and 2 0 9 B i were the 
targets for a systematic study of DCX using the EPICS 
spectrometer a t LAMPF. Angular d is t r ibut ions and 
energy exci tat ion functions at forward angles were 

18 ^ taken for the isobaric analog transi t ions from 0 
and 2 6 ' 
the non-analog transit ions from 0 and Mg 

Mg. Excitation functions were also taken for 
These 

are compared in the f igure. As can be seen, the two 
neutron excess of the core a 2n configuration is an 
important factor for each isotopic pa i r . The rat io 

18 pa 
of cross sections between 0 and Mg are seen to 
scale nearly as predicted in the semi-classical 
theory of M. Johnson . There i s a d i s t i nc t r ise in 

18 the 0 energy excitation function near 120 MeV and 
both 0 and Mg show a r ise above the (3,3) it-
nucleon resonance as compared to 0 and Mg. 

18 The angular d is t r ibut ion of 0 at 164 MeV 
shows a non-simple d i f f ract ive minimum near 22° 
lab angle and moves outwards at Z92 MeV. 

Work supported in part by the U.S. Department of Energy, the Associated 
Western Univers i t ies, and the Robert A. Welch Foundation. 

1) M.B. Johnson, LAMPF Workshop on Pion Single Charge Exchange, Los Alamos 
Scient i f ic Laboratory, Los Alamos, New Mexico (1979) p343. 
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TT _ l o , ' ° 0 DOUBLE CHAHTE EXCHANGE REACTION 

IAu Sh ien-hu i , We Chong-en , Hwang Chao-hui and Li Yang-guo 

I n s t i t u t e af High Energy Phys i c s , Academia S i n i c a , 
Peking, Peop le ' s Republic of China 

The 1 8 ' l 6 0 ( V , 7 T " ) 1 8 , l 6 N e „ „ double charge exchange (DCEX) 
g. s • 

reactions at the (3,3) resonance energy region have some interest
ing phenomenav '. Because Ne „ is the isospin analog state of 18„ g.s. 16 0. in J 0 _ and Ne_ is not isospin analog state of u , 

g.S. g.S. g.S. 
studying these phenomena, it is necessary/ to deal with both the 
reaction mechanism, and nuclear structure. We use Glauber multiple 
scattering theory and the random phase approximation (RPA) wave 
function jp., jJ. to calculate the DECX reaction amplitude and to 
study the influences of nuclear structure for these reactions. 

We have calculate the differential cross,section, •9&0 ) ys 
I* , and the natio R = « £ ( 1 80(DCEX))/ |f£ C O(DCEX)) aV"l9= 0° 
in the (3,3) resonance energy region, aome of the results aire 
shown in figur* 1 and 2. The angular distribution pattern of 
1 8o(7r*,V") 1 8-Ne g.s. agrees with experiments, which exhibit a dip 
around 23 but quantitatively our computed values are larger 
than the experimental data by a factor 4. The ratoi R at Tit = 140 _ 
Mev. is 2.25, which also agrees with experimental value R=2.3 A 
The curve* jff(0 ) vs T# have a shallow dip agreeing with the ex
perimental Trend qualitatively. We think the above phenomena 
are due to mainly the influence of pair coherent nuclear structure 
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(1) R. L. Burman et. al. Phys. Rev., 17C (78) 1774, P.tJ?errom, et.al. Phys. I. 63B (77) 301, S. J. Green et.al. 8 inters 
nation conference on high energy physics and nuclear structure 
(1979) 

Present address: Ewangsi University, Zwangsi, People's Bepublic 
of China 
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QUASI- d^DOORWAY STATE DESCRIPTION 
OF PION-NUCLEUS SCATTERING 

Gao Qln 
Department of Physios, Bangehou University 
Ma Wel-bslng, Zhang Zong-ye and lu You-wen 

Institute of High Energy Physios, Aoademla Slnloa 
Beijing, The People's Republic of China 

According to the oharaoteristio feature of the 3r-nucleus 
scattering at (3,3) resonance region, i.e. dominant by the A--
doorway states, we suggest a simple quasi-A,, doorway state 
model as a struoture of the intermediate states in the (3,3) 
resonance scattering processes. We assume that the doorway 
states with the same exoitation energy nhw whioh are called the 
quasi-4,, doorway states are approximate eigenstates of the 
d -h system and are represented as follows: 

(5=T = n ^' 

Thus, the amplitude of IT- nucleus scattering Is 

, . ,?-\ ~r.\t \ V ^ i r I Haw J VJMJX^JI HM„\ £,-> 

-Z'Ot<twlTlK> — l^ (2) 
TIL J ^-/lij ~ k-^| 

W n , M E » i T = E„ = Ma -M + M ftuJ + A . + ± rA
 ( 3 > 

Within the frame of the quasi- A,, doorway state model, the 
differential-, oross sections and the total orosacseetlons of 
7r -*He ( T~ B-110, 150,180, 220, 260 Mev),Tr-7°o (TL*°« 163, 

220, 2*0, 25*, 303, 380 Her) and 7r- Ca ( I***- 115.5, 163.3, 
2*1 Her) elastic scattering hare been calculated. In our calcu
lations there are two parameters juA and r; used to fit the expert -mental total oross seotions. The results obtained are basioally 
in agreement with experimental data. For^r- Be scattering, 
slnoe the spln-orblt coupling effeots in the Ent.7 are included, 
the agreements with experimental data are considerably better. 

Sf"Wt 

10' 
to-' 
«•« 

«o so lio fSa 
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THECX-CLUSTER STRUCTURE OF NUCLEI AND PlON-CARBOti SCATTERING 
Ii Qing-run Chen Sheng-zhong 

(Institute of High Energy Physics, Academia Sinica.Beijingf China) 
Zhao En-guang 

(Institute of Theoretical Physics, Academia Sinica,Beijing.China) 
In the recent studies of nuclear scattering,the rigid o(-clu-

ster model is used more often among the (X -cluster models. VJ 
Its physical picture is classical and when it is used in the pro
blems of multiple scattering, one are often confronted with some 
troubles which arise from the integrations of the higher order 
multiple scattering terms. ^ 

We have proposed an Ot-cluster model of light nuclei. W 
The basic assumption is that each CX particle moves independently 
in an average field due to all the other CX particles in the nuc
leus. The ground state wave functions of , aC and , 60 are writen as 

where O«,09is & radial harmonic osilator wave function. With 
these wave functions, the elastic electron scattering experiments 
could be well reproduced. An advantage of these wave function is 
that when it is used in the problems of multiple scattering, 
each terms of the expansion can be integrated out analiticaly. 
This wave function give a spherecal shell with a diffused boundary 
in whicti the 01 particles are distributed. However, the rigid o( 
model require that the C^ particles have to move on the surface 
of the sphere. Thus the rigid 01 model can be taken as the classi
cal limit of our model. 

Using our model wave functions, at the pion energies of 60, 
75,120,150,180,220.and 260 Hev, we have calculated the cross 
sections of the elastic Jt"—"C scattering within Glauber theory. 
All the input 1C — 01 amplitudes are taken from the experiments. The 
theoretical results are in good agreements with experiments. In 
particular, there are considerable inprovements upon the other o( 
model calculations in the lower energy regionfVOur results are 
also superior to the Glauber calculations with the %-IVamplitude 
as input. This indicates that for the CX particle nuclei, taking 
Jt—(X amplitude as input has more advantages than taking It — IV 
amplitude as input, (for example, the #—CX amplitude can automati-
caly include some effects of pion absorption and binding correc
tion, etc). From our calculations, it may be seen that the Glau
ber theory even can be used in the energy region lower than 100 
Mev. 

Llnopin etal. Soviet phys. J3TP 11(1960) 840. 
2. Li Qing-run, Chen Sheng-zhong, Zhao 3n-guang, to be published. 
3.J.F.Germond and C.Wilkin, Nucl, Phys. A257(1975)477. 

690 



THE Bi(u+,iTxn) At PION DOUBLE CHARGE EXCHANGE REACTION 

P. E. Haustein, J. L. Clark, J. Hudls, T. J. Ruth, and A. A. Caretto 

Chemistry Department 
Brookhaven National Laboratory 

Upton, New York 11973 

Two nucleon correlations in nuclear matter can be investigated through 
the study of pion double charge exchange, DCX, processes, e.g. (TF+,I":) or 
(ii-,it+). The reaction mechanism is generally viewed theoretically as two 
sequential single charge exchange steps, processes which are expected to be 
sensitive to both the neutron and proton distributions of the target and the 
isospin character of the initial and final states. In addition, the spectrum 
of excitation energies following inelastic DCX can be inferred from the 
measurement of cross sections for products formed by nucleon evaporation 
after the DCX step, i.e. (ir+,Tj_xn). 

A study of the 209Bi(ir+,ir~xn)209"XAt OCX reaction has been performed at 
the p3 channel at LAMPF, using pion energies from 100 to 300 MeV. Following 
pion irradiation of high purity Bi targets £:0.3 to 3.0 gm/cm2), At was 
isolated from the target by standard radiochemical methods. Chemical yields 
(typically 2f 30-50») were determined by the addition to the target solution 
of known amounts of 21lAt "spikes". The pion flux was determined from yields 
of 18p a n d 24fja which had been produced by pion activation of 27AI monitor 
foils. The yields of various At isotopes (A = 205 to 211) were determined 
by either alpha- or gamma-ray spectroscopy or both. 

The presence of 21°At and 21lAt (not producible directly by it + Bi) in 
the astatine fraction indicated that secondary reactions (209BI (ir,3He or *He) 
followed by 209Bi(3,4He,xn)At) o c c u r i„ the relatively thick Bi targets 
which were required at the pion fluxes available at LAMPF. Extensive 
studies of these secondary processes were performed at BNL (with 200 MeV 
proton simulations of the TT+ + Bi reaction) as well as by measuring At yields 
at LAMPF from u~ + Bi over the same energy range used in the n+ studies. 
Calculation of ^He and ^He yields and their energy distributions were also 
performed using the ISOBAR + DFF computer codes. To first order, it is 
expected that the same distribution of 3He and ^He secondaries will be 
produced by n~ as by 7r+ on Bi and that enhancement of At yields (A ̂  209) 
in ir+ irradiations over IT" irradiations is the signature of the occurrence 
of the DCX process. 

At cross sections at 300 MeV for both TT+ and IT" are the same within 
errors for 209-211^. 207^^ is observed to be produced with slightly higher 
cross section by 300-MeV n+ versus 300-MeV TT~ but not significantly so. 
Preliminary results from 100-MeV ir*- and ir- experiments reveal no discernible 
differences in cross section for 211-209^, but the 20/At TT+ cross section 
rises appreciably to 5! 100 ub while the 207At TT~ cross section continues to 
fall to "5 yb. These results appear to confirm the earlier work of Batusov 
et al.l) in which the (•n+,Tt"2n) cross section at 90 MeV was reported to be 
120 Mb. 

Research supported by the Nuclear Science Division of the U.S. Department 
. .of Energy. 
Permanent address: Department of Chemistry, Carnegie-Mellon University 

1. Yu, A. Batusov et al. Sov. J. Nucl. Phys. 18 (1974) 250 
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THE SCATTERING OF 162-MeV PIONS BY 1'*N 

D. F. Geesaman, C. 0liner, and B. Zeldman 
Argonne National Laboratory, Argonne, IL 60439 

G. C. Morrison 
University of Birmingham, Birmingham, United Kingdom 

R. E. Segel 
Northwestern University, Evanston, IL 60201 

G. S. Blanpied and G. L. Burleson 
New Mexico State University, Los Cruces, New Mexico 88003 

L. W. Swenson 
Oregon State University, Corvallis, Oregon 97331 

R. Anderson, R. L. Boudrie, and H. A. Thiessen 
Los Alamos Scientific Laboratory, Los Alamos, N.M. 97545 

The scattering of 162-MeV it and it by 1*U has been studied on the EPICS 
system at LAMPF. Spectra at each angle were accumulated for a melamine 
(C3H6N6) and a polyethylene target (CH2). 1'*N spectra were obtained from the 
difference between the spectra from the two targets. The system resolution 
was 300 keV. A typical spectrum, taken at 9xab = ?5° is shown below. 

Data were taken in 5° angular steps, from 30° to 115° for it , and 25° to 
75° for n~. Due to the lower it- flux, spectra with sufficient statistical 
accuracy to obtain high quality inelastic yields were only obtained at 35°, 
55°, 75" and 95°. As illustrated in the figure, a large number of 1*H states 
are excited in* this reaction. Angular distributions have been extracted for 
13 states between 3 and 20 MeV excitation. Most of these angular distri
butions are characteristic of AL = 3 excitation. The states at 14.6 and 
16.9 MeV have angular distributions Indicating a larger L value. Preliminary 
analysis indicates substantial u+/iv_ differences in the cross sections for a 
number of states at high excitation energies. The 0 + T = 1 state at 2.31 MeV 
was not observed in this experiment. At 65°, the expected second maximum of 
the angular distribution, an upper limit of 5 ub/sr was set on the cross 
section for this state. While this is an order of magnitude smaller than the 
cross section for other 1 < >N states, microscopic DHIA calculations1 do predict 
a very low differential cross section for this state, "v>l ub/sr at 65°. 

hl.-S.H. Lee and D. Kurath, Phys. Rev. C 21 (1980) 293 
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S-WAVE DISPERSIVE CONTRIBUTION TO ELASTIC TrD SCATTERING AT LOW 
AND ZERO PION KINETIC ENERGIES 

R. Rockmore 
Serin Physics Laboratory 

Rutgers University 
Piscataway, New Jersey 08854 

The S-wave dispersive contribution to the elastic scatter
ing of low-energy positive pions ("?}:+ £ 50 MeV) by deuterons 
is studied in a simple scattering-length model of S-wave irN 
interaction. Effects of nucleon motion, crossing, meson-baryon 
form factors and NA intermediate states are included in the 
calculation which is carried out in a momentum-space approach 
developed earlier.1'2' In this analytic approach one finds the 
evaluation of the contribution reduces to a single numerical 
integration. The effect of the perturbation is compared with 
results of a recent calculation2' of P-wave single scattering 
which includes nucleon motion. Results will be given for the 
more extensive calculation at zero pion kinetic energy (i.e. 
the dispersive contribution to the irD scattering length). In 
this case effects of P-wave scattering at threshold and inter
mediate NN interactions are treated. Both Hulthen (a = 0.326, 
8 = 2.029) and McGee (7% D-state) wavefunctions are used. 

R. Rockmore, "P-Wave Dispersive Contribution to Low-Energy 
Elastic ir+D Scattering", Rutgers University Preprint 1979. 
(Phys. Rev. C (to be published)). 

n 
'R . Rockmore, "Nucleon Motion and t h e P-Wave Pion-Nucleus 

I n t e r a c t i o n i n a Momentum-Space Approach", Rutgers U n i v e r s i t y 
P r e p r i n t ( in p r e p a r a t i o n ) . 
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INVESTIGATIONS OF THE PION NUCLEUS OPTICAL POTENTIAL FROM PIONIC ATOMS f 

E. Friedman and A. Gal 
Racah Institute of Physics 

The Hebrew University 
Jerusalem, Israel 

The explicit dependence of the zero energy ir~ nucleus optical potential 
on its various parameters, as well as its implicit dependence on neutron 
radii, is investigated for a selected set 1 - 1*) of particularly accurate level 
shift and width data. Among the various effects studied are some possible 
variations in the form of the Lorentz-Lorenz term, term induced by the 
so-called "angle-transformation", and the smearing of the IT 2N terms which 
allows for a finite range In the absorption process. The pionic atom data 
are equally well fitted by any of the several forms used for the optical 
potential. 

Concerning the dependence on neutron radii, the most sensitive parameter 
turns out to be b x, the coefficient of the Iso-vector component of the local potential. Its value is determined essentially from the l 8 0 data1*) and some 
conflict is then obtained between results from pionic atoms and the results 
from the scattering of protons and alpha particles off nuclei. 

Finally, the recently reported5'") saturation of widths Is not reproduced 
by any of the potentials, which otherwise fit the data throughout the 
Periodic Table. Thus,if saturation of widths in pionic atoms is reconfirmed 
and extended to more nuclei, novel properties of the pion nucleus interaction 
might be called for. 

This work was supported in part by the Comnission for Basic Research of the 
Israel Academy of Science. 
Address for July 1980-July 1981: Department of Physics, Brookhaven National 
Laboratory, Upton, New York 11973. 

1. C.J. Batty, S.F. Biagi, E. Friedman, S.D. Hoath, J.D. Davies, G.J. Pyle, 
G.T.A. Squier, D.M. Asbury and A. Guberman, Nucl. Phys. A322 (1979) 445. 

2. C.J. Batty, S.F. Biagi, E. Friedman, S.D. Hoath, J.D. Davies, G.J. Pyle, 
G.T.A. Squier, D.M. Asbury and M. Leon, Phys. Lett. 81B (1979) 165. 

3. R.J. Powers, K.C. Wang, M.V. Hoehn, E.B. Shera, H.D. Wohlfahrt and 
A.R. Kunselman, Nucl. Phys. A336 (1980) 475. 

4. R. Abela, G. Backenstoss, M. Izycki, W. Kowald, I. Schwanner, L. Tauscher, 
H.J. Weyer, H. Doerr, W. Fetscher, R. Guigas, D. Gotta, H. Poth, 
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and Nuclear Structure, Vancouver, 1979, p. 20. 

5. A. Olin, G.A. Beer, D.A. Bryman, M.S. Dixit, J.A. Macdonald, G.R. Mason, 
R.M. Pearce and P.R. Poffenberger, Nucl. Phys. A312 (1978) 361. 

6. J. Konijn, J.K. Parman, J.H. Koch, w. vanDoesburg, G.T. Ewan, 
T. Johansson, G. Tibell, K. Fransson and L. Tauscher, Nucl. Phys. A326 
(1979) 401. 

694 



COMPARISON OF ir+ AND IT" INELASTIC SCATTERING FROM LOW-LYING 
COLLECTIVE STATES OF '•o-a"*»".ecA AND 5»FE 

K. G. Boyer, W. J. Braithwaite, W. Cottingame, S. J. Greene, 
C. J. Harvey, D. B. Holtkamp, L. E. Smith and C. F. Moore 

University of Texas 
Austin, Texas 78712 

C. L. Morris and H. A. Thiessen 
Los Alamos Scientific Laboratory 

Los Alamos, New Mexico 87545 
G. S. Blanpied and G. R. Burleson 

New Mexico State University 
Las Cruces, New Mexico 88001 

J. Davis, J. S. McCarthy and R. C. Minehart 
University of Virginia 

Charlottesville, Virginia 22901 
C. A. Goulding 

Florida A&M University 
Tallahassee, Florida 32306 

Measurements of d i f fe rent ia l cross sections, da/da, to the lowest 2 + and 
3-states in •«>">2''>*>,'»ca and 5*Fe for 7r+and ir" inelastic scattering at an 
incident energy of 180 MeV w i l l be presented. The magnitudes and angular 
shapes obtained for i r + and ir" scattering to the 3" states of these isotopes 
are very s im i l ia r . However, dramatic 
differences exist i n the magnitudes and 
positions of the minima in the 2+ angular « „ . „ „ , . , „ „ „ „ , „ . , „ , . „ u . m , „ , „ l t a 

distr ibut ions for TT+ and TT". These Hmtm ,_ ,„ „ „ , „ _ , , . , „.,.,„„.»„ , „ . ,„ „ „ , 
data are being analyzed to determine _ , _ , . „ „ , „ „ , „ „ . , w l t t l „ . 
the isoscalar and isovector IBR} for 
these states. 

Deviations from the simple col lect ive 
picture in the rat ios of TT+ to it" cross 
sections which are given in the table 
can be seen for both the 2 + and 3- states. 
Explanations in terms of the shell model 
w i l l be given. The inherent symmetry of ,» 
our measurements and methods of analysis m 

with respect to TT+ and IT" makes our ,«, 
results more re l iab le than extracting „ 
neutron and proton contributions to », 
t ransi t ion strengths in the inelastic 
scattering of ( e , e ' ) , (a ,a ) , ( p , p ' ) , 

1(1*1 K M 
bpcr tant Klf«rtMnt 

_ 0.11 • O.OJ 

1.11+ n.10 a.m • o.oi 

1.11 * 0,0* D.BS • 0.1)7 

2.11 + n.n n.ns * o.ni 

t tering 
(n,n"j and (n,n') from nucle i . 
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THE CLOUDY BAG MODEL OF THE PION-NUCLEON (3,3) RESONANCE 
S. Th^berge and A. W. Thomas 
TRIUMF, 4004 Wesbrook Mall 

Vancouver, B. C. 
Canada V6T 2A3 

Gerald A. Miller 
Institute for Nuclear Theory 
Physics Department FM-15 
University of Washington 
Seattle, Washington 98195 

By incorporating chiral invariance in the MIT bag model, we 
are led to a theory in which the pion field is coupled to the 
confined quarks only at the bag surface. An equivalent quan
tized theory of nucleons and deltas interacting with pions is 
then obtained. The pion-nucleon scattering amplitude in this 
model is found to give a good fit to experimental data on the 
(3,3) resonance, with a bag radius of about 0.72 fm. 

This research was supported in part by the Natural Sciences and 
Engineering Research Council of Canada, and the U. S. Department 
of Energy. 
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PION CAPTURE BY NUCLEI (I) 
Multiplicity of Gamma-Rays Following the ir-Capture and Angular Momentum Effects 

K. Nakai, T. Kobayashi, T.A. Shibata, H. Enyo and 0. Terasaki 

Department of Physics, University of Toky, Bunkyo-ku, Tokyo 113, Japan 

incident pion energy range of T = 3 0 
Figure 1 shows the experimental setup. 

Gamma-rays following the TT -capture in flight have been studied to deter
mine the Y-ray multiplicity (M) and the pion capture cross sections (a) in the 

300 MeV. 
Pion beams from the KEK low-mome-

tum nu-channel were used on 5 nuclear targets (Al, Ti, Cu, Sn, Au). The inci
dent pions were identified by the tirae-of-flight between Ri and R2, and Y-rays 
following the ir-capture were detected by 8 Nal(Tl) detectors (Gi~GB) of 3"ij>x3" 
in coincidence with event-trigger signals Ri*Rz*R3*Ri,. The y-ray events due 
to inelastic-scattering and charge-exchange processes were subtracted by meas
uring pions with 7 sets of AE-E telescopes (P1-P7) in coincidence with y-rays. 

The Y-ray events with majority 1 and 2 are given as; 
(Y2) = I BN T

n^" 1 )n 20<m(m-l)> (Yl) I N nSto<m> 
(I_; # of incident pions 
SX efficiency of y -de tec t ion) . 

2 (Y2) 

N ; it of t a r g e t nuc le i , n; t of y - d e t e c t o r s , 
~^ From (Yl) and (Y2) we obtained, 

M = <m> (l -l)/(l+(s/M)i) k(n-l)fl (Yl) 
where s z = <m 2> - <m> 2 is the variation of the multiplicity distribution. We 
assumed that s = (0.5 ± 0.5)M ; f = (l+(s/M)z) = 1.25 ± .25. This assumption 
was checked by measuring the M directly at T = 100 MeV with separate long-
run experiments of (Ge) vs. 8x(NaI) coincidence measurements and we obtained; 

f(Au) = 1.32 + .18, f(Co) = 1.10 ± .13, + f(Al) = 1.23 ± .18. 
The observed y-ray multiplicities in it + Au are shown In Fig. 2(a). 

Shown in Fig. 2(b) are, <L> ; average angular 
momenta of the states after nucleon emissions T 10t 
following the w-capture calculated from the data 
in (a) as <L> = 2(M-k) with the number of statist!-"J, 
cal transitions k = 2.5, 3 and 4, <L> ; average 2! 
angular momenta brought in by the IT, calculated 
with a purely geometrical model, and <I.>„; cal
culated angular momenta assuming that one nucleon 
was emitted randomly after the Tr-capture with an 
energy equal to a half of the total energy brought 
in by the pion(m c 2+ T ). The result seems to indi- 1 
cate a picture of the process to explain the angular^ 
momentum effect: The pion is captured by (at leastTZ 
two nucleons and only one of them Is emitted carry- 2 
ing a large energy. 

A ( J nSffc" ^"T^T^ 

Fig. Fig. 
100 200 300 

T„(MeV) — 
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PION CAPTURE BY NUCLEI (II) 
Positive and Negative Pion Capture Cross Sections 

K. Nakai, T. Kobayashi, T. Numao, T.A. Shibata 
J. Chiba, H. Enyo, 0. Terasaki and K. Masutani 

Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan 

Cross sections for capture (or true absorption) processes of positive 
and negative pions by nuclei (Al, Ti, Cu, Sn, Au) in the incident pion energy 
range of 30 - 300 MeV have been determined from the measurements of multiple 
y-rays following the process. 

A brief description of the principle and experimental methods is given 
in the previous paper [Pion capture by nuclei (I)]. From the single (Yl) and 
coincidence (Y2) -y-counts taken by the 8 Nal(Tl) detectors in coincidence with 
the pion—capture-identifying signal, the cross section was deduced as, 

„ _ 1 (n-D (Yl)2 

VT n 2(Y2; (n-l)Sl(Yl) (l+(s/M)2). 

The notations are defined in the previous paper. _ 
The results for Ti, Cu and Au are shown in Fig. 1 with the open(ir ) and 

closed(ir ) circles. Shown in the figure are only statistical errors, and 
additional uncertainty of about 20% has to be taken into account for the abso
lute values. The squares in (b) and (c) are data by Navon et al.(ref. 1). 
Those are in good agreement with the present data. The dashed curves in (b) 
for Cu show a result of an optical-model calculation with the MSU-type poten
tial parameters. Good agreements are seen in the low-energy region (<50 MeV) 
where the capture process dominates the reaction cross section. While at high 
energies, the simple optical model fails to explain the data because multistep 
processes such as the pion capture following quasielastic scattering(s) become 
important. 
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1. Navon et al., Phys. Rev. Letters 42̂  (1979) 1465. 
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GLOBAL FITS OF PI ON ELASTIC SCATTERING1" 

D. B. Holtkamp, 

University of Minnesota, 
Minneapolis, Minnesota 55455 

and 
W. B. Cottingame, 

New Mexico State University, 
Las Cruces, New Mexico 88001 

12r 

\ 

Optical model calculations of ir~ e last ic scattering from ' C across 
the (3,3) resonance furnish vastly improved f i t s to the data when the ele
mentary ir-nucleon t-matr ix is evalu
ated at an energy shi f ted by -25 ± 4 
MeV re lat ive to the incident pion 
energy. PIRK calculations are shown 
in the figure for IT* scattering from 
!2c with and without a -25 MeV sh i f t . 
A simple Kisslinger potential and 
harmonic osc i l la tor parameters from 
electron scattering were used. I t is 
noted that at a l l energies an improved 
f i t is obtained. Similar calculations 
for 1*>0 at pion energies between 
114 and 240 MeV y ie ld an energy sh i f t 
of -22 ± 4 MeV. Comparable improve
ments in the qual i ty o f the f i t s was 
real ized. 

The apparent success of these 
one-parameter f i t s over a wide range 
of energies, including energies above 
150 MeV, seems to be in disagreement 
wi th previous work.U The applica
b i l i t y of the energy s h i f t i n * 2C 
and IBo over such a wide range of 
energies suggests a simple interpre
tat ion for th is parameter. Calculations 
indicate that the ir-nucleon energy 
sh i f t is a straightforward way to cor
rect for the Fermi motion of the tar 
get nucleons and binding ef fects. 
Previous attempts') to include Fermi 
corrections were found to be costly in 
terms of computation t ime, while the 
present method contributes negligibly 
to the time necessary for calculat ion. 

Work supported by the United States 
Department of Energy. 

1) L. C. Liu and C. M. Shakin, Phys. 
Rev. C 1J5 (1977) 1963. 
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A PHASE-SHIFT ANALYSIS OF n-d SCATTERING 

J. ARVIEUXr 

Institut des Sciences Nucleaires, F38026 Grenoble, France 

and A.S. RINAT 
The Weizman Institute, Rehovot, Israel 

Some indication of dibaryon resonances have recently been found in N-N 
cross-section measurements in pure spin-states. Such structures must also be 
observed in the "n-d elastic channel leading to the same compound system. A 
large amount of new higli quality data have been recently obtained, which 
allow for a phase-shift analysis to be made without major ambiguities. 
Elastic Tt + - d cross-sections have been extensively measured at SIN from 82 
to 290 MeV in the angular range (20° - 135°). Backward angle data 037.5° -
167.5°) have been obtained at CERN and a few 180° points have been recently 
measured at SIN. Very precise total cross-sections are included in the 
analysis. Polarization data are still rather scarce : one data point for T l 0 

at 140 MeV and 3 data points for iT 1 ( at the same energy. 
We use the theoretical predictions of recent Fadeev type calculations 

as starting values and vary only the phases (or amplitudes) which bring a 
statistically significant improvement to the X? P e r degree of freedom. The 
most significant parameters are S,, P a, D, but some deviations from the theo
retical amplitudes are also found for P 0 , P, and F a . 

The Argand plot for T5 U' = T,^ is shown. The dotted line is the theore
tical Argand path. The solid lines are envelops of solutions having a T( J<1 
since different solutions may be obtained depending on which parameters are 
varied. Their number would be significantly reduced if more polarization data 
were available. 

Deviations from the theoretical calculations are seen to significantly 
arise. The T^ Argand plot describes a broad structure centered around 
170 MeV in the lab. system (M*= 2.17 * 0.01 Gey) with a width of the order 
of 70-90 MeV. Since the pion has a negative parity this (J = 2, L = 1) 
structure in the Tl-d system would correspond to a ' D a state in the NN 
system (same J but L-na, = L pp * 1) by parity conservation, in good agree
ment with the structure observed in 
"p-"p at the same energy and with a 
width of 70 MeV. The T 2\ Argand plot 
also describes a broad structure 

centered around 220 MeV 
(M* = 2.22 * 0.01 GeV) which would be 
in fair agreement with the correspon
ding *F, dibaryon resonance seen in 
"p-^i-scattering at 2.22-2.26 GeV, and 
having a similar width of 100 MeV or 
larger. A more detailed account of 
this work will be published elsewhere. 

•f Present address : Laboratoire 
National Saturne, BP 2 
91190 Gif-sur-Yvette, France. 
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POSITIVE PION-NUCLEUS ELASTIC SCATTERING AT 20 MeV 

F. E. Obenshain,* 0 F. E. Bertrand,* M. Blecher,* R. L. Burman,# 
R. D. Edge, + K. Gotow,* E. E. Gross,* M. Hamm,# M. 0. Leitch,# 

H. A. Moinester, 0 0 B. M. Preedom,+ R. P. Redwine,+ and J. Wu* 

We have measured the e la s t i c scattering of 
20-MeV positive pions from 1 2 C , 160, 4<>Ca, 9 o Z r , 
120sn, and 208pD targets . These measurements 
were performed at the Low Energy Pion channel at 
LAMPF. Detailed description of the experimental 
method and apparatus has been presented e l s e 
where. 1 ) The absolute cross sections were ob
tained using the number of incident pions 
measured with a ir-y dE/dx detector. The detec
tor counted the number of muons resulting from 
pion decays in the beam l i n e and was calibrated 
at a reduced beam intens i ty by a direct count
ing of the incident pions. 

These data (F1g. 1) are part of a continuing 
ser ies of measurements made at low energies 2 ) 
to obtain the energy dependence of the optical 
model parameters below 80 MeV. In a compari
son of these data with those of ref, 2 , we see 
that the l ighter elements, 1 2 C and >60 
vary only s l ight ly between 20 and 30 MeV; 
whereas for the heavier elements A > 40, some 
changes in their angular distributions are 
apparent; and at 20 MeV, the cross section 
appears to be dominated by Rutherford scatter
ing . For Pb, the coulomb barrier i s about 
19.3 MeV. The optical model parameters for 
these data will be presented. 

@This work i s supported by U. S. D.O.E. and N.S.F. 
*0ak Ridge National Laboratory 
#Los Alamos Scient i f ic Laboratory 
"^Massachusetts Inst i tute of Technology 
+ University of South Carolina 
"University of Tennessee 
"University of Tel-Aviv 
•Virginia Polytechnic Inst i tute and State 

University 
1 . D. J . Malbrough, e t a l . , Phys. Rev. C 17 

(1978) 1395 ~ 
2 . F. E. Bertrand, e t a l . (to be published) 
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HOW MANY NUCLEONS ARE INVOLVED 
IN PION ABSORPTION IN NUCLEI?1" 

R. D. McKeown, S. J. Sanders, J. P. Schiffer, 
H. E. Jackson, M. Paul,TT j. R. Specht, and E. J. Stephenson''' 

Argonne National Laboratory 
Argonne, Illinois 60439 

R. P. Redwine 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

R. E. Segel 

Northwestern University 
Evanston, Illinois 60201 

Proton yields from the interaction of pions on nuclear targets with 
12 < A < 181 have been measured in the region of the A(3,3) resonance. The 
shift in proton energies with angle has been analyzed in terms of the aver
age number of nucleons that participated in absorbing the pion's momenttim 
and total energy. The effective number of interacting nucleons, for both 
TT+ and IT- incident, is found to be - 3 for l z c and increasing to - S.5 for 

Ta. These effective numbers of nucleons are also consistent with the 
measured ratio of proton yields from the Tr+ and TT~ induced reactions. 

^This work was performed under the auspices of the U. S. Department of 
Energy and the National Science Foundation. 

^Present address: Racah Institute of Physics, The Hebrew University of 
Jerusalem, Israel. 

I ' 'Present address: Department of Physics, Indiana University, 
Bloomington, Indiana 47401. 
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INELASTIC EFFECTS ON THE TfNN VERTEX FUNCTION' 

T. Mizutani' and P. Rochus 

Physique B5, Universite Sart Tilman, B-4000 Liege 1, Belgium. 
The irNN vertex function with one nucleon off-mass shell was 

previously obtained from experimental data through sideways dis
persion relations. The irNN form factor K(W) , the nucleon dressed 
propagator Sp(W) and the proper vertex function T(W), as defined 
in ref. 1, are real analytic functions, with cuts along |W| i mjj 
+ u„. This analytic structure and the discontinuity 

Itn K(W) - f"NCW) K(W) + <J(W) (1) 
are first exploited to find K(W) . In eq. (1), f ^ M represents 
the t-N scattering amplitude in the Pji wave [Sn wave] when one 
has : W > m™ + |i, [W < -(mN + U„) respectively] and the second 
term o(W) which is different from zero for |w| S m, • 2u r, cor
responds to inelastic contributions from higher mass (multiparti-
cle) intermediate states. As is well known 2, the complete know
ledge of o overdetermines K ; it is sufficient to know the phase 
n(W) of a(W) in order to get the solution K(W) of eq. (1). In ref. 
3, the function K(W) was calculated with Y = T/2 whereas in ref. 
1, the ITNN proper and improper vertex function as well as the 
dressed nucleon propagator were computed with the choice Y m 0. 
In the present calculation, the phase y is taken as a parameter 
and we test the sensitivity of the results with respect to the 
inelasticities. From its analytic structure, we easily see that 
Sp(W) can have at most two zeros W+ ( -m« ~ uir 5 W_ < mjj < W + S 
m N + u,») • clearly, the proper vertex function T(W) and the irre
ducible TfN amplitude acquire ghost poles at these zeros. Our pre
sent calculations show that the pole U_ is well established and 
rather insensitive to y whereas the pole W + is very sensitive to 
the inelasticities. For the existence of the pole at W + we can 
say nothing definite at present (W+ disappears for Y > -3) al
though a generalized Lee model1* supports its existence. These 
ghost poles of the irreducible irN amplitude have a possible in
fluence upon some pion-nucleus amplitudes 1' 5. Indeed, in order to 
avoid overcounting of pionic interactions already accounted for in 
the dynamics of nuclear bound states as well as in the initial and 
final distorted waves, an effective pion nucleon scattering ampli
tude is to be used instead of the complete amplitude. This effec
tive amplitude corresponds to the irreducible amplitude, the pole 
of which may have important effects under certain kinematical con
ditions. The irreducible amplitude which is unitary together with 
the total amplitude has also been computed ; its phase is rather 
sensitive to the value of y» so that a model for inelastic contri
butions is needed . 
f 

This work was supported by the Institut Interuniversitaire des 
Sciences Nucleaires, Belgium. 

''"''Present address : IPNO, B.P. 1, F-91406 Orsay, France. 
1. T. Mizutani and P. Rochus, Phys. Rev. C19 (1979) 958. 
2. T.N. Pham and Tran N. Truong, Phys. Rev. DI6 (1977) 896. 
3. G.N. Epstein, Phys. Lett. 22! (1978) 195. 
4. E.M. Nyraan and M.J. Saarela, Nuci. Phys. A238 (1979) 409. 
5. K.L. Kowalski, preprint "Truncated pion-nucleon amplitudes and 

pion-nucleus interactions". 
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PION SCATTERING AND ABSORPTION ON 4He AND 1 2 C 

H. Bauer and H. M. Hofmann 
Institute for Theoretical Physics 
University of Erlangen-Niirnberg 

Erlangen, W-Germany 
In the regime of the free A-resonance microscopic calculations for elastic 
pion scattering in the framework of the isobar doorway model yield a satis
factory description of the experimental data. However, in order to reproduce 
the magnitude of the observed cross sections additional damping due to true 
pion absorption has to be taken into account either phenomenologically or 
microscopically. We calculate the absorption effects microscopically without 
introducing new parameters. The exchange of off-shell pions ory-mesons may 
contribute to pion-absorption. The corresponding vertices are parametrized as 
for the n +d ••pp reaction. For the pion-helium-system we can reproduce the 
differential, elastic, total and absorption cross sections for various 
energiesl). However, the results for the elastic cross section do not allow 
omission of the §-meson contribution?). .. 

In fig. 1 we present a preliminary calculation for n- C cross sections, 
where only part of the absorption diagrams is taken into account. This is 
sufficient for the lowest energy considered. The experimental data is taiw . 
from ref. 3. The total cross section is reproduced fairly well, whereas for 
the large energies we 
overestimate the elastic 
cross section and under
estimate the absorption 
cross section since, 
for these energies, 
still too many absorp
tion diagrams have not 
yet been calculated. 
After having computed 
these missing terms we 
shall also be able to 
discuss the role of n-
and f-contributions in 
the carbon case. 

1. H. M. Hofmann, 
Z. Physik 289 
(1978) 273 

2. H. Bauer and H. M. 
Hofmann, Proc. Int. 
Conf. High Energy 
Physics and Nuclear 
Structure, 
Vancouver 1979 

3. I. Navon et al. 
Phys. Rev. Lett. 42 
(1979) 1465 — 
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S-WAVE REPULSION IN 7T-NUCLEUS OPTICAL POTENTIAL 
AND THE SUBTHRESHOLD irN t-MATRIJCf 

R.S. Bhalerao and C. M. Shakin 

Department of Physics and 
Institute for Nuclear Theory 
Brooklyn College of CUNY 
Brooklyn, New York 11210 

Understanding the size of the s-wave repulsion in the low-energy 
It -nucleus optical potential has long been an outstanding problem. Phenom-
enological fits to pionic atom or low-energy scattering data require an 
s-wave repulsion which is about 8 times stronger than what one obtains from 
the impulse approximation. 1) One of the latest attempts to explain this 
anomaly involved an evaluation of nonlinear terms in field-theoretic 
Lagrangians with broken chiral symmetry.2) Calculations were made with the 
" <r + u" and "Weinberg-<o" models and it was shown that both led to a repul
sive ir-nucleus potential of the desired magnitude.2) These conclusions 
have, however, been contradicted recently.3) In ref.3) It was shown that 
the ^ 2_,j ep e n <j e n c e 0 f o n e 0f t j , e terms In the optical potential obtained by 
Miller and Noble was simply due to their zero-range approximation for the 
7TN interaction. In ref.3) it was noted that the lowest-order nonlinear 
terms in the chlral Lagrangian for the 7r N system give large individual 
contributions ("S)> but because of strong cancellations the net effect 
on the s-wave 7r-nucleus optical potential is insignificant. 

With this motivation we calculated the momentum-space matrix elements 
•C k I V ^ „ CE) I k> of the first-order TT -nucleus optical potential as a 
function of k for H»0 and 40ca. Two calculations were made, one with the 
Kisslinger potential proportional to % and the other with a covariant 
theory of the 7T-nucleus optical potential. In the latter calculation a 
complete integration over the Fermi motion of the target nucleons was 
carried out and the off-shell effects related to nuclear binding were 
treated carefully. Now the pionic atom and the low-energy IT -nucleus 
scattering calculations are expected to be sensitively dependent on the 
subthreshold extrapolation of the 7TN t-matrix. In the full dynamical cal
culation mentioned above a separable model for the 7TN t-matrix was used. 
Comparison of the results of the two calculations shows an enhancement of 
the full dynamical results over the Kisslinger results by a factor of about 
eight, in the low-momentum region. Interestingly this is just the factor 
by which the optical parameter b 0 varied from its "free" value in the 
extensive phenomenological work by Seki.l) In his work all the parameters 
in the optical potential were allowed to vary simultaneously to fit the 
shift and the width data for 59 pionic atoms. Thus an explanation for the 
enhanced s-wave repulsion could simply require a careful treatment of off-
shell effects and a good model for the subthreshold TTN t-matrix. 

Considering the sensitivity of the results to the subthreshold region, 
we are at present redoing the above calculations with a more sophisticated 
model for the subthreshold n-N t-raatrix. This model allows both IT and N 
to go off-mass-shell, has the correct s and u-channel nucleon poles, and 
also provides a good fit to the on-shell data up to ^ = 1300 MeV. 

"•"Work supported in part by the NSF and the PSC-BHE Award Program of the 
CUNY. 

1. R. Seki, private communication. Results to be published in Phys. Rep. 
2. G.A. Miller and J.V. Noble, Dept. of Phys., Univ. of Washington, 

Preprint RL0-1388-788. 
3. H. McManus and D.O. Rlska, MSU Theoretical Hucl. Phys. Preprint 203/79-6. 
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MEASURING ISOSPIN MIXING IS NUCLEI USING n 1 INELASTIC SCATTERING* 

W. B. Cottlngarae, W. J. Bralthwalte, R. J. Joseph, D. B. Holtkamp, 
S. J. Gree.-.e, and C. F. Moore 

University of Texas at Austin, Austin, TX, 78712 

R. L. Boudrie, C. L. Morris, J. Piffaretti?*and H. A. Thiessen 

Los Alamos Scientific Laboratory, Los Alamos, NM, 87545 

The extent to which charge-dependent Hamlltonian matrix elements 
contribute to the coupling of T-0 and T-l similarly structured states in 
light nuclei has been of considerable interest since the observation of a 
nearly maximally isospin-mixed 2 + doublet In 8Be at 19.6 and 19.9 MeV. 
Calculations of the Coulomb matrix elements between such states could 
account for only a small portion (=-60 keV) of the -150 keV isospin-mlxing 
matrix element required to explain the observed properties of the states. 
Previous estimates of isospin-mlxing in nuclear states have had to rely on 
assumption of spectroscopic factors or an assumed knowledge of the nuclear 
structure of the state and consequently the validity of citing such 
measurements as the evidence of a charge-dependent portion of the nuclear 
force remains a matter of controversy. 

Here a new technique for the 
study of isospin-mlxing is offered 
which has resulted in a new 
est 'mation for the isospin-mixing 
matrix 12 element for the 1 states in 

C and the discovery of two new 
isospin-mixed doublets in 1 2 C - a 
strongly mixed 2~ doublet at 18-7 
and 19.5 MeV and a 4~ doublet at 
19.3 and 19.6 MeV representing the § 
second nearly maximally mixed states S 
which has ever been observed. The B 
technique (see figure) involves § 
comparison of n and n~ inelastic g 
scattering near the (3,3) resonance 1 
from self-conjugate nuclei. The o 
sensitivity of n~ comparison to 
isospin-mixing can be understood by 
considering that for an isospin 
doublet, isospin-mixing results in 
increased proton (neutron) particle 
hole strength for the T-0 (T-l) 
state. Therefore the favoring of 
excitations of increased proton 
(neutron) particle hole strength for 
ir+ (u~) inelastic scattering near 
the (3,3) resonance can be used to 
extract an isospin-mixing matrix 
element. 

ENERGY LOSS (MeV) 

Work supported in part by the U.S. D.O.E. and the Robert A. Welch 
Foundation. 
Work supported in part by the Swiss Institute for Nuclear Physics. 
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MEASUREMENT OF 4 0 , 4 2 ' 4 4 , 4 8 C a ( T r +

s i r ° ) REACTIONS* 

H. W. Baer, R. E. Anderson, J. D. Bowman, M. D. Cooper, F. Cverna, 
C. M. Hoffman, G. Hogan, M. J . Leitch, and N. S. P. King 

Los Alamos Scientific Laboratory, University of California 
Los Alamos, New Mexico 87545 

J. Alster, A. Doron, A. Ere l l , and M. Moinester 
Tel-Aviv University, Ramat-Aviv, Israel 

C. D. Goodman 
Indiana University, Bloomington, Indiana 

Thê Ca isotopes are well suited for a detailed study of the isovector 
term Uittu-T) in the pion nucleus optical potential. The proton density dis
tributions have been well determined in electron scattering studies, and some 
information on the neutron density distributions is available from hadronic 
scattering and absorption experiments. Also, TT+ and i r elastic scattering 
were measured1) recently at J-n = 180 MeV. The existence of such complete 
data makes i t possible to perform a thorough analysis of the (ir +,ir°) cross 
sections to the isobaric analog states. Such a study has not yet been per
formed. I t is necessary for the analysis of a l l pion elastic and inelastic 
scattering experiments on N>Z nuclei. 

The experiment was performed with the 
LAMPF n° spectrometer mounted in the Low 
Energy Pion Channel (LEP). The targets were 
self-supporting plates with isotopic enrich
ments > 93%. The isobaric analog state 
(IAS) is clearly visible In the forward 
angle spectra of 42,44,48ca. 40ca was mea
sured to determine the shape of the quasi-
free scattering spectrum. Spectra for 
40,48ca at \ = 180 MeV are shown in the 
figure. The angular acceptance for these 
data is 0 to 16°. 

Preliminary analyses of the 0° cross 
sections indicate that there are dramatic 
deviations from the expected (N-Z)A -4/3 de
pendence2) across the isotope chain. These 
will be presented and the implications for 
neutron density distributions and optical 
potentials will be discussed. 

+This work was supported in part by the 
U. S. Department of Energy 

1 . K. G. Boyer, et a l . , BAPS 23 (1978) 936 
2. M. B. Johnson, in "Los Alamos Workshop 

on Pion Single-Charge Exchange," 
January 1979 (LASL report LA-7892-C) 
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OBSERVATION OF FIONS AND PROTONS EMITTED IN HADRON-NOCLEUS 
REACTIONS AROUND SEVERAL GeV/c 

T. Nakamura, Y. Chiba and S. Kaneko 

Department of Phys i c s , Hiroshima Univers i ty , Hiroshima, Japan 

Preliminary r e s u l t s are presented for a bubble chamber 
experiment on i n e l a s t i c reactions of IT ( at 2 and 4 GeV/c ) , 
IT ( 2 . 3 and 4 GeV/c ) and P ( 4 GeV/c ) with nuclear t a r g e t s . 

2 2 Three nuclear plates ( 0.92 g/cm for Be, 2.69 g/cm for Cu 2 and 4.98 g/cm for Ta ) have been installed in the 1-m HBC at 
KEK. Due to the thickness of the target plates, protons and 
pions detected in this experiment are, on the average, those 
with momenta greater than 230 and 62 MeV/c for Be, 280 and 
77 MeV/c for Cu and 310 and 86 MeV/c for Ta, respectively. 

For the average multiplicity of secondary particles, it 
was found that (a) the multiplicity is proportional to the 
available energy E defined by 

av E — - s " _ min " ""N ' 
where m. and nu, are masses of the incident particle and a 
nucleon respectively, and s ' is the CMS energy of an incident 
particle and a nucleon, and (b) as the mass number goes 
larger, average number of protons increases approximately as 
A ' . On the other hand, the number of pions with the same 
charge as the incident one decreases as A ' ' , while the 
number of pions with the opposite charge is almost constant or 
rather decreasing as the mass number increases. 

For inelastic reactions of ir- at 4 GeV/c, the number of 
pions is almost independent of the number of protons (N ) 
emitted simultaneously. Moreover, the ratio of total kinetic 
energy of protons to that of all charged particles increases 
linearly as N increases and amounts to 50 % around N =5. These 
observations show that the number of pions produced is propor
tional to the available energy independent of the type of 
incident particle. The available energy is, however, utilized 
more preferentially to knock out nucleons rather than to pro
duce pions as the mass number of the nucleus goes larger. 

708 



PION SINGLE-CHARGE EXCHANGE ON CARBON ISOTOPES' 

C. D. Goodman 
Indiana University, Bloomington, Indiana 

H. W. Baer, R. E. Anderson, J . D. Bowman, M. 0. Cooper, F. Cverna, 
C. M. Hoffman, G. Hogan, M. J . Lei tch, and N. 3. P. King 

Los Alamos Scient i f ic Laboratory, University of California 
Los Alamos, New Mexico 87545 

0. Als ter , A. Doron, A. E r e l l , and M. Moinester 
Tel-Aviv University, Ramat-Aviv, Israel 

The reactions 1 2 - 1 3 « 1 4 C(Tr + , i r ° ) have been studied using the LAHPF TT° 
spectrometer in the Low Energy Pion (LEP) channel at LAHPF. Data at 164-MeV 
pion kinetic energy were taken in the angular range 0 to 35°, which covers 
the region of the f i r s t d i f f rac t ion peak and minimum for the isobaric analog 
state (IAS) t rans i t ion . The IAS peak stands out clearly in the forward angle 
13,14c data. Spectra for l^Clir+.ir 0) are displayed in the f igure. These show 
the sharp drop with scattering angle of the IAS d i f fe rent ia l cross sect ion. 
From the preliminary analysis, a value of =30° was determined for the f i r s t 
minimum. The 1*C target consists of 9.2 g 14c encased in a graphite ce l l 
wi th 25-ym graphite windows. 

1 2C(TT±,TT°) spectra were measured for the purpose of studying the AT = 1 
excitat ion spectrum in pion inelast ic scat ter ing, and to measure the shape 
of the quasi-free spectrum. A dependence on scattering angle was observed 
for continuum states near 20-HeV exci tat ion. 

T^. (MevJ) 

+This work was supported in part by the U. S. Department of Energy 
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INELASTIC INTERACTIONS OF 340 GeV/C TT"WITH EMULSION NUCLEI 
M.EL-Nadi,O.E.Badawy,H.K.Hegab,M.T.Hussein 

A.Abdelsalam.M.M.Sherif.M.T.Ghoneira, N.M.Sadek 
A.El-Sikafi,S.M.El-Sharkawi, and A.El-Shawarbi 

Moharaed El-Hadi Nuclear Reaserch Center 
Experimental High Energy Physics Laboratory 
Physics Department,Faculty Of Science, 

Cairo University,Cairo,Egypt 
Here we present the preliminary results about the mult

iplicities of charged secondaries produced in interactions 
of 340 GeV/C ir'with emulsion nuclei. A ( 6 cm. x 15 cm. x 
( 22 x 600 )>»m.)stack of Ilford_G5 emulsion was tangential-
ly exposed to the CERH-SPSjH2 TT~beara (August 1979). The in
cident flux was about 7x10 particles/square cm. A sample of 
about 1000 inelastic events collected by along the track sc
anning gave a mean free path ~h = 40.09+ 1.5 cm. 
The average multiplicities of the produced showers,grey,bla
ck ,and heavily ionising particles are: 
{ n Q^ = 13.38+ 0.18 ,<n > = 2.25+ 0.10, <n b> = 5.69+ 0.11 , 
and {n.> = 7.90+ 0.13 respectively. The intercorrelatione 
between the different secondaries are investigated. 
Our value for the dispersion " D " of the shower particles 
multiplicity distribution together with those obtained for 
different targets and at different energies ( FERMI LAB -
PUB-79/47-EXP 7185. 178. ), confirm the linear relation : 

D = 0.55 <n ) - 0.59 
The value of D/ / n \ is found to decrease with the incre
ase of both n and n. . While these observations are again-

g n 
st the collective tube model " CTH " expectations , a qua
litative description of the showers multiplicity distribu
tion is obtained in the frame of that model. 
The multiplicity distributions_of the showers produced 
in 17,50,200,and 340 GeV/C fT~interactions with emulsion 
nuclei are fitted with the following like KNO scaling fu
nction: „ 

M*(z)= 2.3 ( z+0.14 ) exp. ( -0.059 z - 0.659 z ) 
with z= n -</(n N-Ot , andoCis found to be zero. 
The multip-licity distribution of the grey particles 
is studied in the frame of the pomeron interactions with 
nuclei and applying the tree approximation. 
It is a pleasure to thank Professors L.Van Hove( RDG of 
CERN ), E.Gabathuler,G.Vanderhaeghy,H.Dobel ,Lazerous,and 
all the members of the CERH-RB and the SPSC, for their 
kind helps in the execution of our irradiation proposal 
( SPSC/P 128-3 Juli 1979-EXP HA-61 ),and for the kind 
hospitality to one of the authors( O.E.B.).Thanks also 
to Mr.Mendola for processing the emulsions. 
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PION INDUCED CHARGE EXCHANGE AND NUCLEAR STRUCTURE 

E. Oset 
Departments de Ffsica Tedrica 

Facultad de Ffsica, Universldad de Barcelona 
Spain 

D. Strottman 
Theoretical Division 

Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 87545 

The influence of nuclear structure upon calculated angular distributions 
and cross sections of pion induced single and double charge exchange on light 
nuclei is studied within the framework of Glauber theory. Results obtained 
using simply shell model wave functions which involve particle-hole compon
ents where appropriate are compared. In all cases the use of better wave-
functions enhance the (ir ,ir ) cross sections and suppress (IT ,TT ) cross 
sections. The effects of using realis :ic single particle wavefunctions 
generated from Hoods-Saxon potentials and the effects of the antisymmetry of 
the nuclear wavef unctions are also investigated. Renormalization of the 
properties of the A(3/2,3/2) in the nucleus has also been considered and is 
shown to be essential to understand the behaviour of the experimental 
Integrated cross section. Results are given for (TT ,TT,) on Li, C, + N, 
12°' 16°' a n d 1 8 ' < 1 V * * o n ' * a n d a n d ( l r '"^ a n d ( 7 r , 1 T * °" C, 0 and 0 leading to the ground state and excited states of the final 
nucleus. 
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ANGULAR DISTRIBUTION AND TOTAL CROSS SECTIONS FOR THEir+ + d - p + p REACTION 
WITH T = 20 to 65 MeV 

IT 

B. G. Ritchie, F. E. Bertrand, M. Blecher, R. L. Burman, 
R. Car l in i , R. D. Edge, K. Gotow, E. E. Gross, M. E. Hamm, 

M. J . Leitch, D. J . Malbrough, M. A. Moinester, F. E. Obenshain, 
B. M. Preedom, and 0. R. Wu 

L. A. S. L.* 
0. R. N. L.** 

University of South Carolina 
V.P. I . & S. U. Tel-Aviv University 

Angular distr ibutions were measured for the IT + d •* p + p reaction at 
the low-energy pion channel at LAMPF. Laboratory pion energies were 20, 25, 
30, 35, 40, 45, 55, and 65 MeV, with a range in laboratory angle from 15° to 
110°. The target material was CD2, with background measurements taken using 
a CH2 target . The protons were detected in coincidence using a plastic 
s c i n t i l l a t o r array. Decay muons from the pion beam were monitored to provide 
relat ive normalizations. Absolute normalizations were made by cal ibrating 
the re la t ive monitor using two in-beam dE/dx counters. Correction factors 
for the pion absorption in the in-beam counters were computed and applied to 
the calculations of the pion f l ux . An exemplary angular d is t r ibut ion is 
shown in the f igure below; the f i t shown is a + b cos'e. 

The angular distr ibutions were integrated over 2ir to provide total cross 
sections. These cross sections, with errors <5%, were compared to previous 
measurements below 100 HeV for t h i s reaction. The experimental values re f lec t 
the general trends of the previous data, showing a smooth drop to lower values 
of the to ta l cross section with decreasing pion energy. 

0 - d I i i i | I I | I 

0.0 0.5 1.0 
COS 29„m 

cm 
* Supported by D.O.E. 
"Supported by D.O.E.under contract with Union Carbide Corporation 
t Supported by N.S.F. 
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EMISSION 0? COMPOSITE PARTICLES FOLLOWING THE ABSOHPTIOH 
OF HBGATIVE PIOH 

V.M. Datar and B.K. Ja in 

Huclear Physics D iv i s ion 
Bhabha Atomic Besearch Centre, Bombay 400 085, India 

I n order to l e a r n more about the absorption ver tex we 
have ca lculated the s p e c t r a of composite p a r t i c l e s fo l lowing 

absorpt ion. Viewing i n reverse , as a f i r s t s tep the c a l 
c u l a t i o n s axe done i n the 
"coalescence model"w. Resul 
t s f o r the absorption of 
a t r e s t on " 2C are shown i n 
t h e f igure along with the ex
perimental d a t a 2 ) . Except 
f o r mass 3 p a r t i c l e s the spe 
c t r a are reproduced reasona
b ly w e l l . The required v a l u 
es of }>„ are given i n t h e t a 
b l e below. 

Table 

40 60 80 
ENERGY (MEV) 

particle d t \ e «H. Li 
(>0(MeV/c) 49 49 52 67 64 

1. A. Schwarzschild et al., Phys. fiev. 129 (1963) 854. 
2. G. Mechtersheimer et al., Hucl. PhysT"g324 (1979) 379 
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PION-DEUTERON ELASTIC SCATTERING FOR MOMENTA FROM 408-600 MeV/ct 

R. C. Mlnehart, J. Boswell, J. F. Davis, D. Day, 
J. S. McCarthy, E. A. Wadlinger, R. Whitney, H-J Ziock 

Physics Department 
University of Virginia 

Charlottesville, Virginia 22901 

Using the LAMPF P-* beam we have measured pion elastic scattering from 
deuterium at momenta of 408, 441, 539 and 600 MeV/c with momentum resolution 
of 1%. Measurements were made in steps of 10" from 60° to 140° in the cen
ter of mass. The statistical accuracy of the data is of the order of 33!, 
which is considerably better than obtained in our earlier experiment. ' The 
apparatus consisted of a liquid T>2 target with a simple vertical bend mag
netic spectrometer to detect the recoil deuterons, along with a detector 
system of large solid angle to record the plons scattered in coincidence. 
The elastically recoiling deuterons were identified by combining a measure
ment of time-of-flight with the measurement of the momentum. The results 
were normalized against irp scattering measurements made when the target was 
filled with liquid R^. Most of the data were taken with 1T+ mesons but some 
data with IT" mesons (both on ^H and ^H) were also obtained. From charge 
symmetry, the ir+d and ir~d will have the same cross sections so that our data 
can be used to check existing values of the ratio of ir*"p to i^p cross sec
tions as well as to test the Internal consistency of our measurements. 

The data confirm the existence of the dip in the cross section pre
viously observed 1) at angles around 100°, but the behavior is smoother than 
observed before. The results will be compared with various theoretical 
models. 

tThis work was supported by the U.S. Department of Energy. 
1)R.H. Cole, J.S. McCarthy, R.C. Minehart, and E.A. Wadlinger, Phys. Rev. 
C17 (1978) 681 
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SURVEY OF (it.TiN) REACTIONS OH LIGHT NUCLEI1" 
B. J. Lieb, H. S. Plendl, H. 0. Funsten, 

C. E. Stronach, and V. G. Lind 
George Mason University1"1" 
Fairfax, Virginia 22030 

An understanding of the mechanism for the (ir, irN) reaction is necessary 
before it can be used to extract nuclear structure information. In the 
present paper we report the results of a survey of (IT*, TTN) reactions on 
light nuclei in which the cross sections for discrete final states were 
measured by detecting the deexcitation y-rays. The purpose of the experiment 
was to acquire data from several target nuclei in order to determine the 
general characteristics of the reaction mechanism. The use of the y-ray 
technique facilitates the measurement of discrete final states but introduces 
ambiguities that require careful interpretation. 

We measured nuclear y-ray spectra from the interaction of 220 MeV ir and 
190 MeV ¥ + on 12c, 1 6 0 , 1 9 F , "Na, ^Mg, Z 7 A 1 , and 40Ca. y-rays were detected 
with a Ge(Li) detector in coincidence with incident IT'S from the SREL synchro
cyclotron, y transitions from residual nuclei formed by single nucleon 
removal were identified and cross sections for excitation of specific states 
were determined. The relative uncertainty in a measured cross section is 
=10%, but the uncertainty in the absolute normalization is =15%. 

The one common characteristic of all the spectra is that when the effects 
of y-ray feeding from higher states are accounted for, the states most 
strongly excited are those with the largest direct reaction spectroscopic 
factors. For n reactions on the self-conjugate target nuclei * ZC, 1 6 0 , "^Mg, 
and 4°Ca, W e previously reported1' that the ratio of n to p removal averaged 
1.8 for IT- and 1/1.8 for TT +. If the reaction were one step quasi-free, the 
expected ratios would be 3 and 1/3 respectively. The reduction of this ratio 
from 3 has been explained by a semiclassical model 2' which assumes that the 
nucleon can charge exchange before it leaves the nucleus. ?-

The interpretation of the results of the odd mass targets 1 9 F , Na, and 
27A1 is more difficult. The residual nuclei are not mirror nuclei and thus 
the spectroscopic factors and y-decay schemes are different. One surprising 
aspect of the results is that with the exception of ir + 1 9 F + 1 8 F , the cross 
sections are insensitive to the charge state of the incident ir. For each 
target, the cross sections for n removal are larger than for p removal. This 
is probably due to y-decay systematics. If it is assumed that all states in 
single nucleon removal are populated proportional to their direct reaction 
spectroscopic factors and then decay according to the known decay schemes, 
then the observed n to p ratios are obtained without taking into account the 
charge state of the TT. This insensitivity to the charge state of the TT is 
puzzling because the selection of states with large spectroscopic factors 
would indicate a quasi-free reaction. 
'''Supported in part by the NSF and NASA. 
^Other authors' institutions are: Florida State U., College of William and 
Mary, Virginia State U., and Utah State U., respectively. 

1. B. J. Lieb, H. S. Plendl, C. E. Stronach, H. 0. Funsten and V. G. Lind, 
Phys. Rev. C19, 2405 (1979). 

2. M. M. Stemheim and R. R. Silbar, Phys. Rev. Lett. 34, 824 (1975). 
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TT+ AND i f ELASTIC SCATTERIMG FROM 1 2 C , 4 0 Ca, 9 0 Z r , Z 0 8 Pb AT 80 MeV? 

H. J. Leitch, t i 'M. Blecher, f R. Auble,* F. E. Bertrand,* G. Blanpied,** 
R. L. Burman.tt R. Carl inl . t t s. H. Dam.tt w. Gaskin,** K. Gotow.t 

E. E. Gross,* M. V. Hynes,* M. A. Kovash,* F. E. Obenshain,*" 
B. M. Preedom,** R. P. Redwine,* B. Ritchie,** V. D. Sandberg.tt and J. Wu* 

Angular distributions for the elastic 
scattering of 80 HeV TT+ and TT~ beams from ^C, 
4°Ca, g0zr, and 208p[, n a v e been measured using 
the Bicentennial Spectrometer (BCS) at the Low 
Energy Pion Channel of the Clinton P. Anderson 
Los Alamos Meson Physics Facility (LAMPF). 
The scattered pions were detected by a verticle 
drift chamber1) (VDC) located near the focal 
plane of the BCS. Relative beam flux normal
ization for each angle and target was obtained 
by detecting decay muons from the pion beam in 
two scintillator telescopes oriented at an 
angle with the beam less than the Jacobian 
peak angle. 

The data, preliminary at the time of this 
writing, are shown in Fig. 1. Absolute normal
ization for TT+ is obtained from the ir+p scat
tering of Bertin et al. and for IT- from the 
Arndt and Roper 2) phase shifts. Only relative 
errors are indicated and the forward angle 
points have not been corrected for the finite 
angle acceptance of the spectrometer. 

The angular distributions show consider
able structure with the minima more closely 
spaced for larger A. Also, the IT" minima are 
systematically at slightly smaller angles than 
those of TT +, presumably due to the coulomb 
shift between ir+ and IT". At the time sf this 
writing, the data have just been obtained so 
no optical model fits are available, but are 
expected to be available by the time of the 
meeting. 
@This work is supported by U.S. DOE and NSF 
ttLos Alamos Scientific Laboratory 
tvirginia Polytechnic Institute and State University 
*0ak Ridge National Laboratory 

**Un1versity of South Carolina 
"University of Tennessee 
^Massachusetts Institute of Technology 

1. W. Bertozzi, et al., Nucl. Inst, and Meth. 141 
(1977) 457 

2. Zidell, Arndt, and Roper, To be published in 
Phys. Rev. D. 

Fig. 1. Curves are to 
guide the eye. 
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MEASUREMENT OF THE RATIO a( 4He(ir*.IT*p) 3H)/ 0( 4 He(ri\Tl~p> 3 H) 

. ISSMeV ' 

F. Balcstra, L. Busso, M. P. Bussa, R. Garfagnini, G. Gcrvino, G.Piragino 

Istituto di Fisica deiruniversiti di Torino and INFN, Sezione di Torino, Italy 

I. V. Falomkin, V. I. Lyashenko, V. A. Panyushkin, G. B. Pontecorvo, M. G. Sapozhnikov and Yu. A. Shcherbakov 

Joint Institute for Nuclear Research, Dubna, USSR 

A. Maggiora 

Laboratori Nazionali di Frascati dell'INFN, Frascati, Italy 

The finding *) that at the (3/2, 3/2) resonance the ratio R= 
OC'Hle <tlVp> 3Hl/a( 4He (n*,n*n) 3He).0( 4He (TT*,TTl,p) 3He) is 

significantly lower than the expected value R2=3 of PWIA predic
tion, suggested us to study the energy and angular behaviours of 
the ratio R' of the ctoss sections for the reactions (IT.iTp): R== 
O ( 4He (n*,n*p) 3H)/o( 4He (n",n"p) 3H. We report the result 
of the measurement of the cross sections of the pion-induced 
proton-knockout reactions *Hc -* 3 H performed at 135 MeV 

with positive and negative pions of JINR synchrocyclotron. 
The detector consisted of a 4 atm self-shunted streamer cham
ber filled with helium and surrounded by an hodoscope of 
scintillation counters2). Only the events with the pion scatter
ed in the (20 -fl70)° angular region (l.s.) have been taken into 
account. The total reaction cross sections shave been extrac
ted by fits with Legendre polynomials of the differential cross 
sections. The experiment has been extended from 68 to 156 
MeV of n^energies and these events are under analysis. Fig. 1 
shows the angular distributions of the pions from TT*p H 
and TT~p H reactions we obtained at 135 MeV compared 
with those of free scattering obtained by Bussey et al 3).The li
nes are the fits with Legendre polynomials. Fig. 2 shows the R' 
(8) angular behaviours, the lines are the ratio of the fit values. 
As one can see only in the forward angle region the R' (0) va
lues for free scattering are close to values for knockout reac
tions in He. The R t 4.13 • 0.46 value of the total cross sec
tions is significantly lower than the value deduced in PWIA 
prediction *) as in the case 5 ) of R' values of the pion-induc
ed proton-knockout reaction *C -» B at 180 MeV, measur
ed at 100° and 110°. 

1. F. Balestra et al, Nucl. Phys. (in press) 
2. F. Balestra et al, Nucl. Instr. and Meth. 125.(1975) 157 
3. P. ] . Bussey et al, Nucl. Phys. B5£(1973) 363 
4. R. Mach et al, Nuovo Cim. A45 (1978) 363 
5. H. J. Ziock et al, Phys. Rev. Lett._43_ (1979) 1919 

Fig! 
e^eg),. 

fcya'tf,. 
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NEUTRON SPECTROSCOPY AFTER IT -ABSORPTION IN HEAVY NUCLEI, 

Ch. Eiscnegger*, R.Engfer**, R.Hartmann**+, E.A.Hermes**, 
H.P.Isaak**, T.Kozlowski*, H.J.Pfeiffsr*. H.S.Pruys**, 
F.W.Schleputz**, U.Sennhauser*, H.K.Walter*, A.Zglinski* 

* Lahoratorium fur Hochenergiephysik der ETH, CH-5234 Villigen 
** Physikinstitut der Universitat Zurich, CH-8001 Zurich 
+ College of William & Nary. Williamsburg, VA 23185 

Neutron energy spectra were measured for a number of heavy 
elements ( Ho, Ta, Au, Tl, Pb, Bi and U) to study the 
A-dependence of the nuclear temperature and neutron multiplicity. 
Elements around the magic nucleus Pb were chosen to see whether 
or not there are any shell effects at high excitation energies 
t "̂ 60 neV). Neutrons were detected with liquid organic 
scintillators using n-7-pulse-shape discrimination [ En > 1 MeV). 
The neutron energy was determined by time-of-flight ( TOF). The 
TOF distance was 2 m and the time resolution 1.2 ns FWHM. Fig. 1 
shows the neutron energy spectra from ir"-absorption in Ho, Ta, 
Au, Tl, Pb, Bi and U. The spectra can be separated into a low 
energy evaporation part and a high energy precompound part by 
fitting the low energy neutrons to an evaporation law of the 
form: dN/dE ^ E 5' 1 1•expt-E/6), where 9 is the nuclear 
temperature. Fig. 2 shows the A-dependence of the high energy 
[ direct XQO and total ( direct + evaporation X-(0 neutron multi
plicity. The yield of evaporation neutrons increases with A, 
that of direct neutrons is roughly the same for all nuclei. 
The nuclear temperatures shown in Fig. 3 decrease with 
increasing A, showing no large shell effects. Due to fission 
neutrons, both 0 and Xt are higher than expected for U. 

M6 

a. o 
1" 2 

3. 

1 

tf 

1 tf* 
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PARTICLE SPECTROSCOPY AFTER n"-ABSORPTION IN 58,60,62,64 N i. 

R.Engfer*, R.Hartmann* + , E.A.Hermes*, H.P.Isaak*, T.Kozlowski* * , 
H.J.Pfeiffer**, H.S.Pruys*, F .W.Schleputz*, U.Sennhauser**, 
H.K.Walter**, A.Zglinski*. 

* Physikinstitut der Universitat Zurich, CH-B001 Zurich 
** Laboratorium fur Hochenergiephysik der ETH, CH-5234 Villigen 
+ College of William & Mary, Williamsburg, VA 23185 

EnBrgy spectra of neutrons and charged particles following 
ir"-absorption in the Nickel isotopes 5 8 , 6 0 , 6 2 , E 4 N i ( 1 Q 0 m g / c m 2 ) 
were measured at SIN. The neutron energy ( E n > 1 MeV) was 
determined by time-of flight ( distance 2 m, time resolution 
1.2 ns FWHM) using liquid organic scintillators. Low energy 
charged particles were identified with a large Si detector 
f 500 u, 20 cm 2) by measuring the energy and time-of-flight 
( distance .6 m ) . High energy charged particles were measured 
with AE-E Si detector telescopes ( AE: 500 u Si, E: 2-3.6+5 mm 
Si(Li)). The neutron and charged particle energy spectra are 
shown in Fig, 1 and 3 respectively. Multiplicities for high 
energy ( direct; Xy", X§) and total ( direct* evaporation: x£, x£) 
neutrons and charged particles are given in Fig. 2. The yield of 
low energy ( evaporation) neutrons increases with increasing 
neutron number N, that of high energy ( direct) neutrons is 
roughly the same for all 4 isotopes. The yield of both low and 
high energy protons decreases with increasing l\l. The large 
isotope effect for low energy neutrons S"6' 
and protons can be understood from 
differences in binding energy. 
Differences in the ratio of np to pp 
pairs in the nucleus could explain the 
large isotope effect for the high 
energy protons. 

60Ni 

80 e(M«V) 
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THE CHARGE DEPENCENCE OF THE KNOCK-Offl REACTIONS 
" c O r ^ d ) " ] } and " c d r 4 , ^ ) ^ 

2C(TT-,Tr_p) B, 

H. J. Ziock, R. J. Ellis and K. 0. H. Ziock 
Physics Department, University of Virginia, 
Charlottesville, Virginia 22901 

J. Arvieux, J. Bolger, E. Boschitz, R. Corfu, and J. Piffaretti 
c/o S.I.N., CH-5234 Villigen, Switzerland 

In the energy region around 180 MeV the cross section of the pion 
nucleus interaction should be dominated by the (3/2,3/2) resonance. 
While many reaction channels are open and will contribute to inclusive 
cross sections a coincidence experiment allows one to select reactions 
representing only certain well defined mechanisms. At the S.I.N, in 
Villigen, Switzerland, we have carried out such an experiment designed 
to identify direct knock-out processes by comparing the cross sections 
of various knock-out reactions obtained with positive and negative pions. 

The 1 J B excitation energy spectra obtained with ir+ and H in the 
reaction are shown in figures la and lb.. For the region 
Eexc < 9.75 MeV we find a +/a~ = 14 + 3 in agreement with the value 
for the ratio of the differential cross sections observed on free 
protons. This suggests that the observed events are due to direct 
proton knock-out. 

The excitation energy spectra for the (ir,ird) reaction observed 
with ir+ (Fig. 2) and it~ (not shown) are very similar. The presence 
of a strong peak at or near E p X C = 0 suggests a direct reaction for 
this case as well. We find ff*/(T = .99 + .18 as one would expect 
from charge symmetry if the B is left in its isoscalar ground state. 

The spectra of the reactions I2C(Tr±,TT±t)9g are also similar to 
each other but show no peak near E e x c = 0. This, and the fact that 
(TVa - « .9 + .3 suggest triton formation through neutron pick-up 
by primary 3euterons. In that case the rate of tr^ton production 
will be independent of the charge of the pion that knocked out the 
initial deuteron. 

T = 180 MeV 

-10 0 10 Z0 30 to 50 60 70 
, 0 B EXCITATION ENERGY (MeV) 

Figure 2 

Figure 1 
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EVIDENCE FOR THE PRODUCTION OF A DIBARYON RESONANCE IN 12C(TT+,TT+d)1 °B 

R. J. Ellis, H. J. Ziock, K. 0. H. Ziock, H. J. Weber 
University of Virginia, Charlottesville, Virginia 22901 
J. Arvieux, J- Bolger, E. Boschitz, R. Corfu and J. Piffaretti 
c/o S.I.N*, 0H-5Z34 Villigen, Switzerland 

E. R. Siciliaflo, LAMPF, Los Alamos, New Mexico 87545 

Dibarydn resonances have been used (2) to fit the free ir-d elastic dif
ferential eross^section in the backward region and invariant mass range 
covered in our experiment (1). There appears to be a T=l L D 2 dibaryon re
sonance at 2140 MeV with a width of 75 MeV (2), which is in this range. In 
order to look for structure in the ir-d invariant mass distribution of our 
data (1) we have weighted each event by the normalisation N(T.„-), the kine
matic factor k(P R) and the momentum distribution |G(PR)| 2 of our model (3) 
in order to remove nuclear effects. 

Figure I shows the ird mass distribution for two angular regions. The 
structure near 2115 MeV shows angular dependence. In order to increase the 
statistical accuracy we have combined the two spectra by scaling the curve 
at 100° by the mean ratio in the region where they overlap. The result 
in Figure II shows the structure more clearly. 

A provisional calculation of the distortion effects for the outgoing 
pion suggests that they will not significantly affect these results. It is 
possible that this enhancement is due to the NA system near threshold instead 
of a dibaryon resonance. However a provisional analysis of our data on 
12C(ir,-,ir+p)1IB suggests that when the A(1232) is formed in a nucleus it is 
not shifted in mass by more than 10 MeV either way; Therefore the mass of 
the NA system is unlikely to be less than 2160 MeV and It would probably 
produce a broader structure. So it is unlikely that this structure is 
due to an NA system. 

Our model (3) Suggests that the presence of the l l C nucleus tends to 
enhance two iiucleon effects at the expense of single nucleon effects. 
Another process where Such an enhancement may occur is double charge ex
change; A. bump has beefl observed (4) in the cross-section for the reaction 
1 80(ir +,ir) i 8Ne at a mass of 2120 + 10 MeV and with a width of 40 + 10 MeV, 
which is compatible with our dataT We tentatively identify both structures 
with the' supposed 'fij (2140) dibaryon resonance, which has been shifted to 
about 2l20 Mel? and possibly made narrower by the nuclear potential. 

1. 
2. 
3. 
4. 

R. J. Ellis et al., 
K. Kubodera et al., 
R. J. Ellis et ai., 
S. J. Greene et al. 
190 

140 
12a 

-:II 

"Angular . . .". These Proceedings. 
J. Phys. G: Nucl. Phys. 6, 171 (1980). 
"A shell Model . . .". These Proceedings. 
, Phvs. Letts. 88B, 62 (1979). 
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ANGULAR DISTRIBUTION FOR THE REACTION I2C(TT+,Tr+p)11B 

H. J. ZIocfc, R. 3. Ellis, K. 0. H. Ziock, H. J. Weber 
University of Virginia, Charlottesville, Virginia 22901 

J. Arvieux* J. Bolger, E. Boschitz, R. Corfu and J. Piffaretti 
c/o S.I.N., CH-5234 Villigen, Switzerland 

We have measured the differential cross section for the reaction 
lzC(lr+,ir+p)11B as a function of the scattered pion angle at different 
incident pion energies near the (3,3) resonance in a coincidence experi
ment at the S.I.N. Villigen, Switzerland. The energy of the scattered 
plon's was measured with the SUSI spectrometer of SIN and the proton 
energy with a high resolution Ge spectrometer. The observation angle 
for the pions was varied from 60° to 130° the proton angle was fixed 
at -30°. Figure 1 shows the angular distribution, at T^ = 160 MeV, of 
those events for which the ! 1 B remained in the ground state or a state 
of low excitation (Eexc < 9.75 MeV). We have fitted to these data an 
angular distribution calculated in the plane wave Impulse approximation 
(PWIA) making three different assumptions for the energy at which we 
evaluated the free irp differential cross section: 

a) The incident pion energy seen from the rest frame of the 
exchange proton. 

b) The energy given in a) minus the energy needed to lift the 
exchange proton back onto its mass shell. 

c) The energy needed in free irp elastic scattering to give the same 
invariant mass for the outgoing irp system as we observe. 

The first of these choices (a) gives a satisfactory agreement at 
TTJ = 160 MeV. At T,r = 200 MeV the second choice (b) provides a better fit 
(Figure 2). We conclude that the PWIA qualitatively reproduces our data 
to a degree that is surprising in view of the simplified assumptions 
that enter into it. 

We have also shifted the energy at which we evaluated the free irp 
differential cross section by a fixed amount to see if there is a systema
tic downshift of the (3/2,3/2) resonance due to the average nuclear 
potential. We find that if such a shift exists it does not exceed 10 MeV. 

Figure 1 Figure 2 
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A SHELL MODEL BASED MECHANISM FOR THE REACTION ' 2C(TT+,ir+d)1 °B 

R. J. Ellis, H. J. Weber and H. J. Ziock 
University of tfirginia, Charlottesville, Virginia 22901 

E. Sciciliano, LAMPF, Los Alamos, New Mexico 87545 

We have made two PWIA models of pion induced quasi-elastic deuteron 
knock-out from C. Both fit well our angular and momentum distributions 
(1) for the quasi-elastic data, where E x < 10 MeV. The simplest model 
assumes that the deuteron is in an S-state with respect to a , 0 B core. 
Doubting that this Is a viable model for a C nucleus we constructed 
the other model based on the shell model. 

Sakamoto (2) has shown that the cross-section can be written as: 

g 5 i ^ = N ( V . k ( P R ) . i f i ^ . i G ( P R ) r 
where N(Tir) is a normalisation parameter for this PWTA calculation, 
k(Pg) is a kinematic factor, PR is the 1 D B recoil momentum, |da/dn|ei 
is the free ir-d elastic differential cross-section and G(PR) is the 
fourler transform of the relative wave function, IJI(R), of the n-p "cluster" 
and the I 0 B core, weighted by a factor, Pj. Pj depends on the cluster 
and deuteron wave functions and we assumed it was one. We then constructed 
ifi(R) from the single particle shell model wave functions for a p-shell 
proton and neutron, since E x < 10 MeV. We assumed that the "cluster" 
was a T=0, S=l system, which is justified by our data (3) which shows 
that o-(12C(lt+,ir+d)10B)/a(12C(TT-,lT-d)10B) is approximately one. We also 
assumed that the proton and neutron were at the same spacial point and 
that !.„ = Hn = 1 and j p = i n = 3/2. Then L = 0 or 2 and J = 1 or 3. 
Our excitation spectra of *°B are compatible with this. Then: 

|G(PR)| 2 - [-926 (1 - P R b ) + 1.67 ^ _ ] exp (-P„V/2) 
3 36 K 

where b = .005. /6/13 . rjtMS (MeV/c) - 1. The first term, which is like 
an S-state, is dominant, so that the good fit of the first model is 
probably coincidental. The fit of this latter model to the momentum 
distribution is shown In Figure I, ref. (1). The x2/DF is 1.68 and 
rRMS is 2.6 + .3 fm In good agreement with electron scattering data. 
Using this value for rjmg we obtain a reasonable fit to the angular 
distributions (e.g. Figure II, (1)) with a x 2/DF of 2.4, which will be 
reduced considerably when we put in the systematic errors. The fits 
to our angular distributions support the assumption of factorization 
implicit in the impulse approximation. 

We conclude that the pion appears to knock-out quasi-elastically 
a p-shell proton and neutron which happen to be in a T = 0, S = 1 
state and close together spacially at the moment of interaction. 

1. R. J. Ellis et al., "Angular and Momentum Distributions for 
^(Tr+.ir+d)11^". These proceedings. 

2. Y. Sakamoto, Phys. Rev. 134, B1211 (1964). 

3. R. J. Ellis, et al., Phys. Letts. 88B, 253 (1979). 
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ANGULAR AND MOMENTUM DISTRIBUTION FOR ' 2C(Tr+,Tr+d)10B 

R. J. Ellis, H. J. Ziock, K. 0. H. Ziock 
University of Virginia, Charlottesville, Virginia 22901 

J. Arvieux, J. Bolger, E. Boschitz, R. Corfu and J. Piffaretti 
c/o S.I.N., CH-5234 Villigen, Switzerland 

There is evidence for pion-induced quasi-elastic deuteron knock
out from carbon-12 at 180 MeV (1). The rate of deuteron knock-out, 
when compared to the proton rate, is unexpectedly high, i.e., 1:1 for 
IT" induced reactions provided Ex < 10 MeV, where Ex is the " B 
excitation energy (1). Quasi-elastic scattering implies that the pion 
interacts with the deuteron as if it was a single particle and knocks 
it out in a one step process. These results are surprising since the 
deuteron is similar in size to a 1 2 C nucleus and is weakly bound. 
In order to investigate the mechanism for this process we have made 
coincidence measurements of the angular and momentum distributions. 
The scattered pion was detected by a magnetic spectrometer and the 
deuteron by a solid state spectrometer, which separated protons by 
E, AE cuts so that each event was completely determined kinematically. 
The deuteron angle was 30° in the laboratory frame. Figure I shows 
the cross-section versus the scattered pion momentum at T^ = 200 MeV 
and 9,, = 117.5°. The solid points represent all the data and the open 
points the potentially quasi-elastic events with Ex < 10 MeV. For 
the angular distributions, the magnetic spectrometer was centered 
on a scattered pion momentum of 170 MeV/c and the cross-section averaged 
over its momentum bite of 62 MeV/c. Figure II shows the angular 
distribution for an incident pion energy of 180 MeV. The solid points 
are all our data and the crosses are our data for Ex < 10 MeV. The 
peaking of the cross-section as the scattered pion angle increases 
is compatible with quasi-elastic scattering. We also have angular 
distributions at T^ = 160 and 200 MeV (not shown). This data shows 
that the cross-section appears to increase in the region of 180 MeV. 

1. R. J. Ellis et al., Physics Letters 88B, 253 (1979). 
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MOMENTUM DISTRIBUTION FOR THE REACTION 12C(ir+,Tr+p)11B 

H. J. Zlock, R. J. Ellis, K. 0. H. Ziock, H. J. Weber 
University of Virginia, Charlottesville, Virginia 22901 

J. Arvieux, J. Bolger, E. Boschitz, R. Corfu and J. 
c/o S.I.N., CH-5234 Villlgen, Switzerland 

Piffaretti 

In a coincidence experiment 12C(ir ,ir+p),1B carried out on the SIN pion 
channel we have measured the triple differential cross section d o7d£ljrdnpdpTr 

as a function of the scattered pion momentum, PIT'. Figure 1 shows the re
sults obtained with an incident pion energy of 200 MeV, and pion and proton 
angles of 117.5 and -30° respectively. For the circles in Figure 1 the 
excitation energy of the a i B nucleus was Eejtc < 9.75 MeV. The crosses refer 
to the events: E e x c > 9.75 MeV. The difference between these 2 curves can 
be largely explained in termB of the plane wave impulse approximation (PWIA) 
by the momentum distribution of the exchange proton scattering the pion: 
In the former events the pion scatters on a P3/2 shell proton while in 
the latter it sometimes scatters on an s-shell proton. 

In the PWIA the differential cross section can be factorized in terms 
of the momentum density D(Px) of the exchange proton. 

One can show that the momentum of the exchange proton (px = -P B 
recoil) is an approximately parabolic function of p^i. The position and 
depth of the minimum of this function are dependent on the incident pion 
energy, pion and proton angles, and the excitation energy E e x c of the 
recoiling nucleus. As one varies pjj' one changes the contribution of the 
momentum density term by sampling It at different values of p x. The momen
tum density of the P3/2 protons has a single peak at p x = 100 MeV/c. If 
the minimum value of p^ is less than 100 MeV/c one thus has 2 values of 
the scattered pion momentum where the term D(p x) is largest resulting in 
2 peaks as seen in figure 1. If the minimum value of p x is > 100 MeV/c one 
has only one peak. Figure 2 shows the measured differential cross section 
as a function of the scattered pion momentum for such a case (T^ = 178, 
9^ = 100°, 8 p = 450). 

The s-shell momentum density Is a monotonically decreasing function of 
p x. Thus D s(p x) is always a maximum at the minimum value of p x and gives 
rise to a single peak in the cross section there. Since the s-shell protons 
are more strongly bound than the P3/2 shell protons by "20 MeV, a quasi-
elastic knock-out of an s-shell proton leaves the recoiling M B nucleus 
excited by ~20 MeV. This shifts |PH(PX mi„)| to just where the first peak 
in figure 1 is seen. The second peak in figure 1 is the result of secondary 

pion was scattered by a P3/2 proton. 

gure I 
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STUDY OP (it ,p) REACTION ON C AND °Li 
N. Chandrasekhar and Y.R. Waghmare 

Department of Physics 
Indian Institute of Technology 

Kanpur 208 016, INDIA 

The present work aims at studying the (n ,p) reaction on 
1 2 C and ̂ Li systems for 70 MeV incident plons. This takes into 
account the distortion of the incident pion in the coulomb and 
nuclear field of the absorbing nucleus, the short range correla
tions of the absorbing neutron and the final state interactions 
of the proton in the field of the residual nucleus. The Klein-
Gordon equation has been solved employing the density dependent 
Kisslinger optical potential. The nuclear short range correla
tions are partially accounted by employing Unitary Model 
Operator Approach (UMOA) to determine the neutron wavefunctions. 
The distortion of the outgoing proton is taken into account 
through the Glauber approximation. The density functions 
employed in the 
Kisxinger potential are 
the usual Gaussian 
distribution and also 
the density function 
obtained from the UMOA 
wavef unctions. This has 
been done with the two
fold purpose of aiming 
at consistency in our 
calculation and also to 
determine the sensiti
vity of the crosssection 
to the nuclear density. 

The study indicates 
that particularly for 
small angles, the 
inclusion of both corre
lations as well as the 
plon distortion suppre
sses the steeper fall in 
the crosssection with., 
angle in the case of C, 
The crosssections are stabilised with variations in parameters 
like the oscillator v/ell depth parameter etc, unlike some of the 
earlier calculations. In the case of 6Li (see Figure) our 
calculations fit the data well, reproducing the experimental 
minima. The only other calculation in SLI is that of Wienke 
(W in Fig.) employing field theoretic method. The experimental 
points are taken from Amato et al 1). 

1) J. Amato et al, Phys. Rev. C9 (1974) 501. 

'Lab 
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ii- ELASTIC SCATTERING SURVEY AT LOW ENERGIES* 
H. Nann +, S. Iversen, M. Kaletka, D. Barlow, D. Smith and Kamal K. Seth 

Northwestern University, Evanston, IL 60201 
G. S. Blanpied + +, G. H. Daw, and G. Burleson 

New Mexico State University, Las Cruces, NM 88003 
R. Redwine 

Massachusetts Institute of Technology, Cambridge, MA 02139 
R. Anderson 

Los Alanros Scientific Laboratory, Los Alamos, NM 87545 
We have measured n" elastic scat

tering differential cross sections at 
T(ir") = 30 and 50 MeV for targets of 
1 2 . 1 3 C , 1 6 0 , "°.,*°Ca, 9 0Zr and z 0 8 P b , 
using a range spectrometer. In the or
der seen by the pions, the spectrometer 
consisted of a time of flight counter, 
two lucite Cerenkov detectors and 24 
range defining scintillator elements of 
thicknesses ranging from .050" to 
.250". Two additional veto counters 
helped reject particles which entered 
or exited the stack from the sides. 
Isotopic targets of > 95% enrichment 
and thicknesses from 70 to 250 mgm/cm2 

were used, and data was taken in the 
angular range 30° to 145°. 

The quality of the data obtained 
is illustrated in Fig. 1 by the on-line 
preliminary cross sections obtained for 
2 0 8 P b . Results of more complete analy
sis of the data will be presented, and 
isotopic differences and ir+/f~ differ
ences will be discussed in terms of 
optical model calculations.! 
*Work supported in part by the U.S. 
Department of Energy. 

'''Now at Indiana University, Blooming-
ton, IN 47401 

1",'Now at University of South Carolina, 
Columbia, SC 29208 

1. K. Strieker, H. McManus and J.A. 
Carr, Phys. Rev. C19 (1979) 929. 

10' 

£ 102 

"Pb(, 
T(») 50 MeV 

- Optical flodel 
predictions 
(Strieker et a l . ) 
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T -ABSORPTION IN 3HE 
G. Backenstoss, W. Kowald, I. Schwanner, L. Tauscher, H.J. Weyer 
Physics Institute, University of Basel, 4056 Basel, Switzerland 
M. Doerr, W. Fetgcher, D. Gotta, U. Raich, G. Schmidt, H. Ullrich 

Institut ftir Kernphysik KFZ und Universitat Karlsruhe, 
7500 Karlsruhe, Germany 

The commonly used picture for ir-absorption with the two-
nucleon-model seems to account for only half of the absorption 
processes in nuclei. In order to investigate possible absorption 
mechanisms where more than two nucleons are involved a kinemati-
cally complete study of the it~-absorption in 3He has been made 
at SIN. 

The pions were stopped in a gaseous 3He target cooled to 
5 K. Two of the emitted nucleons of the reaction IT 3He-*pnn were 
detected in coincidence. In addition triple coincidences with 
the 2p-ls X-ray transition were recorded in order to discriminate 
between absorption from atomic s- and p- states. 

Since the process depends only on two variables the data can 
be presented in the form of a Dalitz plot with the energies 
T and T of one outgoing neutron and the outgoing proton as 
variables. Then the phase space is constant and the event densi
ty is directly proportional to the matrix element. The figure 
shows a sample of our data in the narrow band for the an
gle between p and n from 178 
visible in the regions which 
correspond to guasifree re
actions (Q). However, sub
stantially more events have 
been observed concentrated 
in regions of final state 
interaction (F). 

Another result of the 
experiment is the strong 
ISO correlation of the re
corded events. The results 
are discussed in terms of 
possible reaction mecha
nisms . 

Dalitz plot of IT 3He-»-pnn 

to 180 . Broad maxima are clearly 
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CALCULATION OF PION ABSORPTION CROSS SECTION 

K. Masutani and K. Yazaki 

Department of Physics 
Faculty of Science 
University of Tokyo 

Bunkyo-ku, Tokyo, Japan 

True pion absorption cross sections have recently been measured by Nakai 
et a l . for various targets in wide energy range. 1 ' We calculate the absorp
t ion cross sections usinj an optical potential given by Strieker e t a l . 
(MSU).2) The optical potential consists of a term proportional to the Paul i -

term due to absorp-
ided as 

\ l W U / • ' | I I C U | / l i l I . U • [ J U L C M U I U I V . V M J I J \*J U 1 U b C I 111 yt U ^ I U I 

corrected irN amplitudes (quasi-elastic term, Uq_ e <) and a 
t ion ( U a b S - ) . The reaction cross section o> can be d iv id 

,(1 ,(D + a\ e. abs. 4 * * ( r ) Im U, 
q.e. 

* 

* * ( r ) Im U . c <(.(r)dr abs. 
) is the cross section for 

*(r)dr* 

where <t>(T> is the pion distorted wave, o i e 

which the f i r s t non-elastic process is the ' 
Because pions may be absorbed after quasi-elast ic processes, a a D j _ can 

not be di rect ly compared wi th experimental absorption,cross sections. "These 
contributions can be calculated by further dividing role, into three branches, 
i . e . quasi-elastic, absorption and escape from nuc le i . ' 

is thd quasi-elastic (absorption! 

,(D ,(2) + a. (s) abs. + o 
(2) 

"esc. q.e. q. 
The brancing ratios are classically estimated using mean free path argument. 
The mean energy loss of the pion due to the quasi-elastic process is calcu
lated in the Fermi gas approximation, and is taken into consideration in 
estimating the mean free path for each process. We also assume that pions 
never reappear once they have escaped from nuclei or have been absorped. 
The above procedure can be repeated further 

a(n) = 0(n*l) 
q.e. q.e. + a. ,(n+l) ,„(n+l) abs. + a: esc. 

and the absorption cross section is given by 

abs. abs. abs. 
Fig. 1 shows a a bc , o$l 
i n the case of IT- on Cu. 
low enerties for IT" may be due to the defect 

fhe optical potential parameters since 
is small in th is region. The calcu

la t ion underestimates the cross sections 
at higher energies, which should be ascribed 
to the rudeness of the branching rat io 
estimate at each step. A more refined 
calculation is under way. 

In the f igure, the. sol id and dashed 
and a[U 

thus calculated together with the experimental data 
The deviation at 

u 
l ines represent o . • 
respectively. 

Jabs.' 

1. K. Nakai et al., Contribution to this conference 
2. K. Strieker et al., Phys. Rev. C}9_ (1979) 929 
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DEEP-INELASTIC SCATTERING AND ABSORPTION IN 190-MEV Tt± ON AL REACTIONS 

V. G. Lind, R. E. McAdams and 0. H. Otteson 

Utah State University 
Logan, Utah 84322 

also as collaborators 

H. S. Plendl, FSU, Tall., Fa. 32306, C. A. Goulding and M. Greenfield, 
Florida A&M, Tall., Fa. 32307, B. J. Lieb, GMU, Fairfax, Va. 22030, C. 
E. Stronach, VSU, Petersburg, Va. 23803, Wm. Denig, USU, Logan, Ut. 84322, 
P.A.M. Gram, LASL, Los Alamos, N. M. 87544 and T. Sharraa, 0SU, Corvallis, 0. 

The decomposition of the total pion-nucleus cross section into elastic 
scattering, inclusive inelastic scattering and absorption has been reported by 
Navon et al.l) Detecting y-rays in coincidence with the scattered pion or one 
of the ejected protons enables us to further decompose the inelastic scatter
ing and absorption reactions according to the number and combination of nuc-
leons removed and in some instances according to specific reaction mechanisms. 

These data were taken on the P^ channel at LAMPF. A large AE-E scint
illator telescope set at 35° cleanly separated pions, protons and deuterons 
and a Ge(Li) detector set at 90° observed the prompt •y-ravs. Reactions from 
both incident positive and negative pions at 190 MeV on ^'Al were studied. 

Single nucleon removal agrees with a simple quasi-free impulse model when 
the nucleon charge exchange (determined to be about 33% for 35° pions) is in
cluded and also tht increased neutron density on the extreme outer surface of 

The observed troton energy spectra requires the average Fermi-momentum 
of the removed nucleon-i to be about 150 MeV/c, consistent with an outer sur
face reaction. 

The differential cross sections for 2N removal are significant only for 
np removal which suggests stronger correlations for np than either nn or pp. 
For incident it- they are 230 t 52 , and 57 ± 50 pb/sr for pions and protons 
respectively and for TT+ they are 190 i 40 and 350 * 80. The comparison of the 
proton cross section for negative and positive pions sugest that pion absorp
tion dominates the oioton events. That this isn't the case, however, is 
shown by the proton t>ergy spectra. Most of the protons have energies less 
than 100 MeV and the shape is characteristic of a knockout reaction. Monte 
Carlo generated knockoit ind absorption spectra when fitted to the observed 
proton spectra, show absorption accounts for only 10-15% of the proton events. 
The low proton cross seccion for incident negative pions can now best be 
explained by a mechanism whereby the second nucleon is acting principally 
as a spectator and wouldn't be seen with energy less than 30 MeV. The pion 
energy spectra for np removal is sharply peaked and consistent with either 
irN or ltd quasi-free scattering. 

The removal of three nucleons in the combination p2n dominates the multi-
nucleon removal reactions in all cases. The absorption accounts for no less 
than 20% of this reaction and may contribute as much as 50% depending on the 
angular distribution of the protons. The pion spectra show that -30% of the 
pions multipli-scatter, and the remainder scatter through a one step process. 
Direct triton knockout may be significant. 

The removal of 2p2n and 3p3n have many more possible reaction mechanisms. 
Hence, it is more difficult to identify them and decribe the results in such 
limited space. Absorption reactions are less than 40% of the total and again 
multiple scattering of the pion can be shown to be much less than single 
scattering as in the p2n case described above. Direct reaction with clusters 
seems probable. 

1. I. Navon et al., Phys. Rev. Lett. 42 (1979) 1465 
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STATES WITH ENERGIES IN THE REGION OF THE El PHOTORESONANCE ARE STRONGLY 
EXCITED BY 1 3C(ir - at rest.y) AND 12 C(ir+T=45 Mev,y) 

C. J. Martoff, J. A. Bistirlich, K. M. Crowe, J. p. Miller, S. S. Rosenblum, 
W. A. Zajc,* H. W. Baer,** G. Strassner,***, P. Truol, + 

A. H. Wapstra, + + M. Koike+tt 

Measurement of the photon spectrum from radiative capture of stopped 
T~ in 13c is presented. Parent analogs of states in " C having energies 
21.6, 22.7, and 25.3 Mev are excited with branching ratios 10. - 1 0 - 4 , 
8.6-10 - 4, 1 7 - 1 0 - 4 per stopped pion respectively, with relative uncertain
ties of 16%. Nearly a quarter of the radiative capture strength with 
Ey > 50 Mev lies in these peaks. Calculation of the corresponding strength 
in appropriate single particle units will be presented, supporting the 
interpretation of these states as a spin-isospin giant resonance predicted 
theoretically.*•) 

The photon spectrum from in-flight radiative capture of ir+ has also been 
measured and is shown below. The total radiative cross section is 
56 + 15 ub/sr and the ratio of (ir+n°) to (ir+.y) yields is 11 ± 3. The 
instrumental resolution is - 4 Mev, limited by target thickness. The totpl 
radiative cross section is in agreement with a calculation using 
phenomenological electron scattering matrix elements. 2' Differences 
between the observed energy spectrum and the theoretical prediction will 
be discussed. 

EMCITOTIDH OF RECOIL NUCLEUS* HEU 
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Universi ty of Cal i fornia and Lawrence Berkeley Laboratory. 
Los Alamos Sc ien t i f i c Laboratory, Los Alamos, New Mexico. 

***Swiss I n s t i t u t e for Nuclear Research ( S . I . N . ) , Vi l l igen , Switzerland. 
^Universi ty of Zurich, Zurich, Switzerland. 

t t t ; Institute for Nuclear Physics Research, I.K.o. Amsterdam. 
University of Tokyo, Tokyo, Japan. 

1. J. D. Walecka, p. 59 in Preludes in Theoretiral Physics A. 
et. al., eds. Wiley & Sons, New York, New YorV. (1966). 

2. F. Cannata, et. al., Can. J. Phys. 52 (1974) 1405. 

De Shalit 
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A COMPLETE COINCIDENCE MEASUREMENT OF THE^ 
(TT.TT'P) REACTION IN 12C AT 220 MeV 

P. A. M. Gram,* C. A. Goulding.tt M. Hamm.t M. A. Oothoudt,+ 
W. Swenson,* K. Krane,* A. Stetz,* D. McDaniels,* J. Faucett,* 

B. Wood,* H. S. Plendl,** J. Nortdn,** H. Funsten,* and 0. Joyce* 

We have measured the quadruple differential cross section, j„ „ *„ J-, , 
ir IT p p 

for the reaction '^(TT.TT'P) 1 'B with 220-MeV positive pions. Scattered pions 
were momentum analyzed with a magnetic QQD spectrometer, while the coincident 
protons were detected in an array of scintillator telescopes which were de
ployed to sample a proton angular range of 80° for a single pion angle and 
momentum setting. Singles measurements were performed concurrently in each 
arm. 

At each of four scattered pion angles of 61°, 81°, 105°, and 127°, 
complete proton angle and energy distributions were measured for several pion 
momentum settings chosen to cover the entire pion quasielastic peak. The 
overall energy resolution was good enough to allow separation of bound states 
from continuum states in the residual 1lB nucleus. 

We will present comparisons of the angular and energy distributions for 
the coincident events with the corresponding singles distributions in the so-
called quasielastic region. There are striking differences between the data 
in these two modes. A detailed analysis should provide some of the much 
sought for information on the pion-nucleon reaction mechanisms inside nuclear 
matter. 
@This work is supported by the U. S. DOE and NSF 
+LOS Alamos Scientific Laboratory 
"^Florida ASM University 
•Oregon State University 

••Florida State University 
^William and Mary University 
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200 
STRUCTURE IN T l AND THE ODD-EVEN STAGGERING IN ffhg/2 8 0 . BANDS t 

A.J.Krefner and H.A.J.Hariscott i 

Departamento de Ffsica 
Comision Nacional de Energfa Atomica 

Buenos Aires 1429, Argentina 

and 

C.Baktash, E. Der Mateosian and P.Thieberger 

Department of Physics, Brookhaven National Laboratory 
Upton, N.Y. 11973, U.S.A. 

200 198 c 
High spin states of T l , populated through the P t ( ° L i , 4 n ) reaction 

at E=30 to 40 HeV, were studied using in-beam 7-ray spectroscopy techniques, 
an almost completely new level scheme is presented |st)own in the f igure) 
comprising the Ah. . „ ® 5 i . , . , two quasipart icle band ' )which in th is case is 
b u i l t on an I M isomeric? s t a t e , while the bandhead has l"=8" in a l l the 
l i g h t e r doubly odd Tl isotopes studied up to now. 

The amount of odd-even staggering seen in these bands is remarkably 
constant in the mass range A=192 - 196 while i t diminishes for 8 T I . In ad
d i t i o n , the same dependence is observed for fihg/2 bands in neighboring odd 
Tl isotopes ) for A=193 to 199. The 
present"results confirm th is trend as 
in 2 0 0 T 1 the staggering is fur ther 
attenuated. This e f fec t re f lec ts the 
behavior of the E2+ energies in the 
even-even Hg core nuclei which remain 
constant (around 425 keV) fo r A=192-
196 and decrease monotonically down 
to 368 keV for Z 0 0 H g . In terms of the 
p a r t i c l e plus rotor model a smaller 
E2+ energy means a more adiabat ic 
s i tuat ion and hence a diminished 
Coriol is interaction thus strongly 
suggesting that the mechanism behind 
the staggering e n t a i l s , also in the 
doubly odd nucle i , an in teract ion of 
the part ic les with the core rather than among the valence part icles themselves. 

tThls work was supported by the CONICET, Argentina and the National Science 
Foundation and DOE of the U.S.A. 

iVV.J.Kreiner, H.Fenzl, S.Lunardi and H.A.J .Har iscot t i , Nucl.Phys. A282 (1977) 
243-

2)A.J.Kreiner, Z.Physik A288 (1978) 373 
3)J.O.Newton, F.S.Stephens and R.H.Diamond, Nucl.Phys. A236 (1974) 225 
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ODD - EVEN STAGGERING OF NUCLEAR RADII IN THE RARE EARTHS 
D. Zawischa 

Institut fur Theoretische Physik, Universitat Hannover 
D-3ooo Hannover, W. Germany 

The change of the charge radius upon addition or subtrac
tion of a neutron has been calculated in linear response theory 
using a density dependent effective interaction. The average 
magnitude of <b{r2) could be well reproduced, as well as the 
trend that it decreases with increasing mass number. However, 
the odd-even staggering (the fact that the rms charge radius of 
odd-neutron nuclei is generally less than the average of the 
even neighbours' ones) could not be obtained: the calculations 
yielded staggering with the opposite sign, i.e. larger than 
average radii for the odd-neutron isotopes. Changes of para
meters entering the theory (s.p. shell model and force para
meters) had little or no effect on the results, as long as it 
was requested that the excitation energies of the lowest 0 + 

states of the even nuclei were approximately reproduced in the 
quasiparticle-RPA. 

Staggering of charge radii is common over the whole nuclide 
table, and has been explained for spherical nuclei to be due to 
the blocking of zero-point quadrupole vibrations by the odd 
neutron.1) A separate calculation ruled this effect out at least 
for the Rare Earth nuclei. 

In order to get some hint on the physical reasons of stag
gering, the spurious reversed effect of our calculations has 
been analyzed. The unphysical increase of the charge radius of 
odd isotopes is brought about by an interplay of two effects: 
The blocking of pairing correlations in the neutrons reduces the 
diffuseness of the Fermi surface and thus increases the popula
tion of neutron states below the Fermi energy. The short-range 
attraction between neutrons and protons tends to pull protons 
into levels with the same quantum numbers as the neutron levels 
mentioned above, since matrix elements between these levels out
weigh the other ones, due to the large overlap of the wave-
functions. For protons, these levels are above the Fermi energy. 
If their population is increased at the expense of lower ones 
with smaller rms radii, the charge radius is increased. 

Blocking of pairing correlations by odd nucleons is a well 
established fact, so from the other sign of experimental stag
gering we can conclude that the large size of interaction matrix 
elements between protons and neutrons with the same quantum num
bers is unphysical. The reason for this may lie in the very 
nature of the nucleon-nucleon force, where the hard core leads 
to strong short range correlations, thereby making interlocking 
density distributions of two nucleons more favourable than com
pletely overlapping ones. 

Preliminary results supporting this view are given, but for 
quantitative agreement a consistent treatment of short range 
correlations and linear response seems to be necessary. 
1. B.S. Reehal and R.A. Sorensen, Nucl. Phys. A161 (1971) 385 
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STUDY OF KURATH SUM RULE IN 2 8 S i BY STATISTICAL THEORY* 

T. R. Halemane 

P h y s i c s D e p a r t m e n t 
R u t g e r s U n i v e r s i t y 

P i s c a t a w a y , N. J . 08854 

The i s o v e c t o r m a g n e t i c d i p o l e o p e r a t o r i s 

M1(T=1) = J^ ? {-*.?. + (g n -g p ) 2.T.} (1) 

and the Kurath approximation to the linear-energy-weighted 
sum rule (LEWSR) for such excitations from the ground state 
is, in ds-shell nuclei, 

S ^ = 4.286 (2 n 5 / 2 - 3 n 3 / 2 ) u Q
2 MeV (2) 

where ns/2 a n (i n3/2 a r e t n e ground state occupancies of the 
orbits ds/2 and d3/2 respectively. We evaluate this for 
28si using three sets of occupancies. From the extreme single-
particle model (j-j coupling) one gets 103 Ug2 MeV. This goes 
down to 47 y 0

2 MeV when occupancies are obtained (by the 
spectral distribution method*) from a Kuo Hamiltonian (with 
l7o Single particle energies). The value is 49 y 0

2 MeV if 
experimental occupancies•») are used. However, the total LEWSR 
is experimentally determined*) (by the known isovector Ml 
strengths) to be at least 77 n 0

2 MeV, indicating substantial 
contributions from the two-body part of the Hamiltonian. A 
part of the two-body contribution can be included in a unitary 
sum rule5), but this increases the value to 59 ii0

2 MeV only. 
We therefore calculate the LEWSR with the full (1+2)-body Kuo 
Hamiltonian using the spectral distribution methods. The 
value is 127 p Q2 MeV (of which the spin-flip part, obtained by neglecting the X T term in eqn. (1) is 70 p 0

2 MeV - this means 
that the spin-flip part accounts for about 74% of the isovector 
magnetic dipole operator), compared to the experimental value 
of at least 77 u 0

2 MeV. The experimental measurements include 
transitions to a few low lying states only, and hence are 
expected to be somewhat lower than the theoretical result. 

*Supported in part by the National Science Foundation. 
1) D. Kurath, Physical Review 130_ (1963) 1525. 
2) J. P. Draayer, J. B. French and S. S. M. Wong, Annals of 

Physics 10£ (1977) 472. 
3) H. E. Gove et al., Nuclear Physics A116 (1968) 369. 
4) L. W. Fagg, Reviews of Modern Physics £7 (1975) 683. 
5) T. R. Halemane, Ph.D. Thesis, University of Rochester, 

(1979). 
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i-EW METHOD OF DETEPd-mGNG THE KUCLEAR LEVEL DENSITY 
A. Dygo, G. SzeflirisUa, Z. Szefliriski and Z. V/ilhelrai 
Institute of Experimental Physics, Vi'arsaw University 

69 Iloza street, OO-60I Warsaw, Poland 
ii. new method is presented of determining nuclear level den

sity in the excitation energy range with r(D. This method is 
based on statistical analysis of fluctuation in the excitation 
functions for (p,y) reaction measured with the energy resolution 
6E>D, at nroton energies changed in steps of 6E , preferably P 6E_~BE. The fluctuations observed in the cross sections are duo 
to Porter-Thomas fluctuations of the partial widths T a'n& V1> 

p 0 
the effect of the fluctuation of the spacing D between levels is 
negligible. Then the variance of the measured reaction cross 
section is < Q Z > _ < 6 > i = g < 6 > Z / < N r c > / y 

All values in the equation are averaged over the energy interval 
AE=s200 keV. Kgg is the number of levels in the energy interval 
6E«AE. The variance and the average . . , 
cross section can be determined frotr. jo5E 
statistical analysis of the e::peri- go 
mental excitation function and we can 
find ligg from eq./l/, and hence the 
level density. 

The above method was applied to 
obtain level density for 'Y and^ Zr 
nuclei. The excitation functions for 
88. 

JO' 

+ ̂  

3r(p,y0)S9Y and 8 9Y (p, ft) 9 0Zr reac 
tions were measured in the energy 
range 2.1-3.7 MeV and 2.7-3.6 MeV, 
respectively, the proton energy step 
being 6E « 2 . 1 IceV. P 

Our preliminary resu l t s for 1/2' 
and 3 /2 + l eve ls for 8 5 Y, and 1"levels 

QQ 
for ' Zr are presented in the figure. 
The solid line presents a fit of the 
independent-particle Fermi-gas model 

1 2^ 
formula, with pairing ' J, to the 
experimental points. The method pre
sented here allows us to determine 
the level density, especially for A= 
70-100 in the excitation energy range 
8-12 HeV. In the given ranges other 
methods of direct measurement of le
vel density cannot be applied. 

•C- ,„5 

Zr.l'.a-lZ5 

25 no ias 
EXCITATION ENERGY (MeV ) 

1) J.R.Huizenga, Proc.Int,Conf. on 
S t a t i s t i c a l Properties of Nuclei, Albany,1971,ed.J.Garg, 
(Plenum, I.'ew York,1972) , pp.425-445 

2) A.Gilbert , and A.G.W.Cameron, Can.J.Phys. 43,(1065)1446 
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W • n - 2 ̂ (1=3/2) RESONANCES* 
F. Hinterberger and P.D. Eversheim 

Inst, fur Strahlen- und Kernphysik der Universitat Bonn 
D-5300 Bonn 1, IV.-Germany (FRG] 

M.S. Abdel-Wahab, H. Bente, H. Dobiasch, B. Haesner, L. Husson, 
H.O. Klages, G. Schmalz, P. Schwarz, and W. Vfilczynski 

Inst, filr Kernphysik des Kernforschungszentrums Karlsruhe 
D-7500 Karlsruhe, W.-Germany (FRG) 

The total neutron cross section of Ne has been studied 
in the energy range 1.5-40 MeV using the 190 m neutron time-of-
flight facility of the Karlsruhe Isochronous Cyclotron. The 
high time-of-flight resolution of 5.5 ps/m enables the study of 
sharp T=3/2 resonances in Ne with an effective energy resolu-
tion'of about 4000:1. The first and fourth Ne T=3/2 levels 
have been observed as weak anomalies allowing the precise 
determination of the total widthr, the partial width r , and 
the resonance energy E R. Upper limits for the partial ° 
decay widths are deduced for those T=3/2 levels which do not 
appear as resonance anomalies. 2i 

The resonance parameters of the Ne first T=3/2 state are 
compared with the results of previous measurements. The first 
precise determination to date of r is discussed with respect 
to the systematics of isospin-noncSflserving decay widths of 
T=3/2 resonances in A=4n+1 nuclei. The information permits a 
comparison of the resonance parameters E„, r, and r r t . , of analogous T=3/2 states in mirror A=4n+1 nuclei and ̂  
a discussion of the charge dependence of T=1/2 impurities in the 
T=3/2 levels. 
The work has been supported by the Bundesministerium fur 
Forschung und Technologie. 
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THE EXTENDED SKYRME FORCE AS A REALISTIC PARTICLE-HOLE INTERACTION : 
APPLICATION TO DOUBLE-CLOSED-SHELL NUCLEI O and Ca. 

M.Waroquier ,K.Heyde and D.Provoos t 
I n s t i t u t e for Nuclear P h y s i c s 
U n i v e r s i t y o f Gent 
P r o e f t u i n s t r a a t 86 B-9000 GENT - Belgium 

In a further e x p l o r a t i o n of the a b i l i t i e s o f SkE2 in reproducing n u c l e a r 

e x c i t e d s t a t e s , we s earch for the r e l i a b i l i t y o f SkE2 in reproducing p-h 

matr ixe lements . T h e r e f o r e , we t r y t o d e s c r i b e n e g a t i v e p a r i t y s t a t e s o f 

d o u b l e - c l o s e d - s h e l l n u c l e i , which are mainly l p - l h e x c i t a t i o n s , and p o s i t i v e 

p a r i t y s t a t e s , which are mainly 2p-Zh e x c i t a t i o n s . In a s e l f - c o n s i s t e n t 

way , we perform H.F. c a l c u l a t i o n s on the cons idered n u c l e u s , t h u s o b 

t a i n i n g the s i n g l e - p a r t i c l e wave func t ions , even for unbound l e v e l s , for 

which we e x t r a p o l a t e the nuclear p o t e n t i a l t o i n f i n i t y (as f o r t h e harmonic 

p o t e n t i a l ) . With the wavefunct ions thus o b t a i n e d , we e v a l u a t e t h e 5kE2 i n 

t e r a c t i o n m a t r i x e l e m e n t s , from which we e x t r a c t the v a r i o u s p a r t i c l e - p a r 

t i c l e , h o l e - h o l e and p a r t i c l e - h o l e matr ixe l ements . A p p l i c a t i o n has been done 

on 0 and Ca. S i m i l a r l y , a s for the 2 p - matrixelements i n Ca , a 

s trong resemblance w i t h r e a l i s t i c i n t e r a c t i o n s turns o u t . The n e g a t i v e 

p a r i t y l e v e l s i n O and Ca are w e l l d e s c r i b e d , even w i t h the s e l f - c o n -

s i s t e n t l y o b t a i n e d HF s i n g l e - p a r t i c l e e n e r g i e s . The l o w - l y i n g e n e r g y 

spectrum can be reproduced very w e l l a l l o w i n g some small adjus tments o f 

the s i n g l e - p a r t i c l e e n e r g i e s . 

Another i n t e r e s t i n g p o i n t i s the d e s c r i p t i o n of the p o s i t i v e p a r i t y l e v e l s 
+ 40 

e s p e c i a l l y the e x c i t e d 0 s t a t e s i n Ca. In p a r t i c u l a r , the s t r u c t u r e of 

the 3 .35 HeV f i r s t e x c i t e d 0 s t a t e i s o f much importance. E x p e r i m e n t a l l y , 

ev idence for a deformed 4p-4h charac ter e x i s t s . We try t o d e s c r i b e t h e s e 

l o w - l y i n g O s t a t e s w i t h i n a large space o f s p h e r i c a l 2p-2h and 4p-4h con

f i g u r a t i o n s (up t o dimension of 2 0 0 0 ) . We s t r e s s the importance of var ious 

spurious 0 s t a t e s , o r i g i n a t i n g from the e x c i t a t i o n of the c e n t r e - o f - m a s s 

motion. P r o j e c t i o n has t o be c a r r i e d o u t o f these spur ious s t a t e s . 

This c a l c u l a t i o n would be a good t e s t for the SkE2 matr ixe l ements and a t 

the same t ime f o r the model, in d e s c r i b i n g a deformed 4p-4h s t a t e a s a 

s u p e r p o s i t i o n o f a large number of s p h e r i c a l 2p-2h, 4p-4h c o n f i g u r a t i o n s . 
1 . M.Waroquier e t a l . ,Phys.Rev. C19_ (19791 ,1983 . 

2 . M.Waroquier e t a l . . P h y s . L e t t . B83_ (1979) , 9 . 
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GAMOV-TELLER STRENGTH IN 2 0 8 B i 

S. Krewald, F. Osterfeld, and J. Speth 
Institut fur Kernphysik 

Kernforschungsanlage Julich 
D-5170 O'ulich, West Germany 

Recently, magnetic dipole strength has been studied in 2 0 B B i via a (p,n) 
reaction at E = 120 and 160 HeV . Ganov-Teller strength was found 400 keV 

p 21 
above the isobaric analogue state accounting for 30 % of Ikeda's sum rule '. 

We show that this state cannot be described in the framework of standard 
Landau Higdal theory ' without obtaining a wrong symmetry energy since in
clusion of pion and rho exchange places the isobaric analogue state more than 
1 HeV below the experimental energy. Me feel that the coupling to 2p2h con
figurations might explain this discrepancy. In the case of the isobaric 
analogue state, the core-coupling diagrams and the induced interaction are 
expected to cancel. Therefore only the bare Brueckner HF potential determines 
the single particle energies. These effects may qualitatively be taken into 
account by employing an effective mass m /m = 0.76 determined with the inter
polation formula of ref. 4 in a standard RPA calculation. The isobaric 
analogue state is found at 18.3 HeV, as compared to 18.1 HeV in experiment, 
whereas the Gamov-Teller state is found at 19.2 HeV in fair agreement with 208 the experimental energy of 18.5 HeV relative to Pb. In addition a strong 
HI state with dominant components (^iii/? ^13/7)1+ a n d Uhg/o u ng/2^i+ i s 

found at 9 HeV which may account for the missing sum rule strength. 

also: Physics Department, University of Bonn, D-5300 Bonn, West Germany 
1) D.J. Horen et al., preprint 
2) K. Ikeda, Prog. Theor. Phys. 3J_ (1964) 434 
3) J. Speth, E. Herner, W. Wild, Phys. Rep. 33C (1977) 127 
4) G.E. Brown, J.S. Dehesa, and J. Speth, Nucl. Phys. A330 (1979) 290 
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SPINS OF THE 3176 and 3646 KEV LEVELS IN 4 4Ti 

W.R. Dixon and R.S. Storey 

National Research Council, Ottawa, K1A 0R6, Canada 

and 

J.J. Simpson 

University of Guelph, Guelph, NIG 2W1, Canada 

Earlier studies of the 40Ca(a,v)44Ti reaction have shown that the 
3176 and 3646 keV levels of **Ti either have Bpins 3" and 4~ 
respectively, or 2* and 3 + respectively. Nevertheless, Endt and van 
der Leun^ have assigned 2* to both levels, mostly on the basis of 
(°Li,d) work^, in spite of the difficulty of distinguishing spin 2 from 
3 or higher in this reaction. 

We have now completed new studies of these levels using improvements in 
target and detector technology. The two levels are populated 
preferentially at a resonance in the *uCa(a,Y) Ti reaction at an 
alpha-particle energy of 4.22 MeV. Angular distributions of the primary 
•y-rays restrict each primary transition to the form J •+ J,J^1 at the 0.1Z 
confidence limit. Analysis of the interconnecting 470 keV -y-ray shows that 
the two levels differ in spin by at most one unit, and have the same parity 
because of the large mixing ratio. At this stage in the analysis only four 
possibilities for the primary - 470 keV cascade remain at the 0.1% 
confidence limit: 2+-» 2 ->-2, 2*+ 3 + 2 , 3~-*• 4 -• 3 and 
4*-»4-*3. Analysis of the 3176 •* 1083 transition eliminates the first 
of these. The second possibility is eliminated by combining the 
probability of being acceptable (0.009) With the hypothesis that the 
R -* 2454(4+) transition (also seen) is a 1* -* 4 + transition; the 
latter probability is 0.00145 for eero mixing ratio. 

In summary, the only possible assignments from angular distribution and 
strength arguments are that the 3176 keV level has spin 3 and the 3646 keV 
level has spin 4. Since the (6Li,d) and (p,t) reactions excite the 3176 
keV level reasonably strongly, we conclude that the 3176 keV level has 
natural parity and therefore is 3". It follows that j"(3646) = 4~. 

1. W.R. Dixon, R.S. Storey and J.J. Simpson, PhyB. Rev. C15 (1977) 1896. 
2. P.M. Endt and C. van der Leun, Hucl. Phys. A310 (1978) 1. 
3. H.W. Fulbright et al., Nucl. Phys. A284 (1977T~329. 
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LEVEL SCHEME OF Au FROM THE Hg -» Au DECAY (3.3 MN) 
+ e ++ 

M.C.Abreu , V.Berg, C.Bourgeois, A.HBglund , P . K i l c h e r , J.Oms 
J .Sauvage -Le t e s s i e r , C . S c h u c k + + + and the ISOCELE c o l l a b o r a t i o n 

I n s t i t u t de Physique Nucl£aire 
B.P. n° 1 - 91406 ORSAY, France 

188. The Hg activity has been produced by Au (p,xn) reaction 
with 200 MeV protons at the Orsay synchrocyclotron and isotopi-
cally separated with the on-line separator ISOCELE II. The EC+£+ 

decay scheme has been studied byTf-5f and If- X coincidences 
with Ge(Li) and Si(Li) detectors, with a 180° magnetic spectro
graph for an accurate determination of the low-energy electron 
spectrum, and with a Gerholm-Lindskog spectrometer for lifetime 
measurements by e-. jf ore". e~ delayed coincidences. A partial 
and preliminary level scheme of ^8^Au is presented. Spin and 
parity assignments are based upon the strong feeding of the 
82,7 keV level, the known (1) spin of the ground-state and the 
multipolarity of transitions as determined from internal conver
sion ratios. 

r,2-
r 

567.7 

Ti/2(ps) 

304.0 
£ 1 Hi 

^7 00 tO txJ 

E-£; - 1H.8 220±20 

"' t 82.7 HOBTjaO I 
188. 
79' 

16.0 700±80 
0 

Au 

Centro de Fisica Nuclear, Lisboa, Portugal 
+ + Institute of Physics, University of Stockholm, Sweden 
+ + + C.S.N.S.M., Orsay, France 

(1) C.Ekstrom, I. Lindgren, S.Ingelman, M.Olsmats and G.Vfannberg, 
Phys. Lett. 60 B (1976) 146 
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HIGH-RESOLUTION STUDY OF EO I ^ I E i M A t 5 P A I R TRANSITIONS FROM EXCITED 0 STATES 
IN 'Ni 

A. Passoja, R. Julin, J. Kantele and M. Luontama 
Department of Physics, University of Jyva'skyla, 
Nisulankatu 78, 40720 Oyvaskyla 72, Finland 

The recently developed magnetic plus Si(Li) - Si(Li) sum-coincidence 
technique') is employed to measure EO internal-pair-formation (IPF) branching 
ratios of excited 0 states in 5 8 » 6 0 » 6 Z N i . The total branching ratios of 
excited 0 + states are Shown in the figure. The X(E0/E2) values are obtained 
for a new Oj state *" °°K< *+ , C D n n b ° " " ' "J" --••--- -- -
keV and 3530.9, n 3318.3 keV in b u 

are combined with the available lifetimes of these states to extract the 
monopole strengths p Z(0^-0 :f). The results and the nature of the 0 + states 
are discussed. 

i.cj u i c juvni i ill M I C i i ^ u i c . I nc t\\t-\j/t-i-/ vuiuca D i e wuvuiit^u 
tate in ™Ni at 3588.0 keV, for the oj and ot states at 2942.3 
,keV in b 8 N i , for the corresponding states at 2284.8 keV and 
b 0 N i , and for the 0t state in 6 Z N i at Z048.4 keV. The results 

1) A. Passoja, J. Kantele, R. Julin and M, 
166 (1979) 203 

Luontama, Nucl. Instr. and Meth. 

S 351B.5 
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ELECTROMAGNETIC DECAY OF 0* STATE IN THE DOUBLY MAGIC NUCLEUS ^ G d c 

R. Ju l i n , J . Kantele, M. Luontama, A. Passoja, 
Department of Physics, University of Jyvaskyla', Finland 

P. Kleinheinz, 
Ins t i tu t f i i r Kernphysik, Kernforschungsanlage J'u'lich, J l i l i ch , W.-Germany 

J. Blomqvist, 
Research Inst i tute of Physics, Stockholm, Sweden 

The existence of the 0? state in Gd at 2165.0 + 0.4 keV has been 
established through observation of the EOfOj ->• Ot) t ransi t ion fol lowing the 
reaction '^Sm^He.n) l 4 b Gd. A tentative assignment by Spoelstra [1] is thus 
confirmed. The h a l f - l i f e of the 2165 keV state, 375(40) ps was determined by a 
novel centroid method based on the Jyvaskyla magnetic plus S i (L i ) beta 
spectrometer [ 2 ] . No y-rays were found to compete with the EQ t rans i t ion ; 
assuming a pure monopole decay for the o£ state, a value of p 2 = 0.0122(13) 
j | ,obtained for the monopole strength parameter. Decay of the 0$ state in 

°Gd is shown in the f igure. 

[1] B. Spoelstra, Nucl. Phys. A174 (1971) 63 
[2] M. Luontama et a l . , Nucl. Inst r . J59 (1979) 339 
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THE MEASUREMENT OF NUCLEAR QUANTITIES VIA ACCELERATOR MASS SPECTROMETRY * 

W. Kutschera, W. Henning, M. Paul, R. K. Smlther, 
E. J. Stephenson-*"*" and J. L. Yntema 

Argonne National Laboratory, Argonne, IL 60439 

D. E. Alburger, J. B. Cumming and G. Harbottle 
Brookhaven National Laboratory, Upton, NY 11973 

The highly sensitive technique of identifying and counting individual 
ions in an accelerator beam, recently developed for radioisotope dating, can 
be conveniently used to determine nuclear quantities of interest when their 
measurement involves very low radioisotope concentrations. At Argonne, we 
are performing measurements of this type using a spectrometer system with the 
following major components: an inverted Cs-beam sputter source, the Argonne 
9 MV FN tandem accelerator and an Enge split-pole Magnetic spectrograph 
equipped with an ionization-type focal plane detector. He have measured the 
half-life of 3 2 S i and the cross section of the 2 6Mgi'p,n) 2 68M(7.2 x 10 s yr) 
reaction near threshold. 

The half-life of 3 z S i : A 3 2Si/Si ratio of (2.82 ±0.50) xlO" 8 was 
measured from a sample material prepared through the 3 °Si(t,p)32Sl reaction. 
For the same material a specific B-activity of 8Z50 1500 dpm/mg Si was 
measured using a liquid scintillation technique. This yields a half-life of 
Ti /2 = 96 ±18 yr considerably shorter than the previously accepted value of 
approximately 300 years. We expect that this new value will influence results 
of cosmic-ray flux studies of cosmogenic 3 2 S i in terrestrial, meteoritic and 
lunar material. 

Cross sections of the 2 6MR(p,n) 2 6gA&(7.2 x 10 5 yr) reaction: 2 6AZ/ 2 7A£ 
ratios in the range of 10~ 1 0 to 1 0 - 1 1 have been measured from irradiated and 
chemically processed 2 6 M g samples yielding the following cross sections as a 
function of center-of-mass proton energies: 5.0 ±0.1 MeV, 7.4 ±2.4 mb; 
5.5±0.1, 37.3 + 6.3; 6.0±0.1, 28.2±4.5; 6.4±0.1, 42.6+6.9; 6.7 + 0.1, 
65.2 ±9.4. These values are of interest to calculate cross sections for the 
inverse reaction 2 6A£(n,p) 2 6Mg relevant in nucleosynthesis calculations under 
explosive stellar conditions. The production of primordial 2 6AS. has recently 
gained great interest, since an excess of its decay product 2 6Mg was found in 
certain inclusions of the Allende meteorite,2 which suggests that 2 6 A £ was 
present in early condensates of the solar system. 

Measurements of nuclear quantities utilizing the sensitive technique of 
accelerator mass spectrometry can be applied to a number of interesting 
problems. For example, it can be used to study light as well as heavy-ion 
radiative capture reactions at thermonuclear energies. It may also be 
feasible to use this technique for the detection of nuclei produced through 
solar neutrinos In a suitable target material. At Argonne, we are planning 
to extend these measurements to heavier isotopes by using the new supercon
ducting linac booster which supplies heavy ion beams of high quality both in 
energy and time structure suitable for a very selective isotope Identification. 
*Work supported by the Nuclear Science Dlv. of the U. S. Dept. of Energy. 
+Present address: Racah Inst, of Physics, Hebrew Univ. of Jerusalem, Israel. 

+"T'resent address: Indiana Cyclotron Facility, Blooraington, IN 47401, USA. 
^For recent review articles, see for example R. A. Muller, Physics Today 32, 
23 (1979); K. H. Purser, A. E. Litherland and H. E. Gove, Nucl. Instrum. 
Methods 162, 637 (1979). 

2T. Lee, D. A. Papanastassiou and G. J. Wasserburg, Astrophys. J. 211, L107 
(1977). 

745 



PARITY DEPENDENCE OF NUCLEAR LEVEL DENSITIES 
IN THE NUCLEAR CONTINUUM OF z<>7pb* 

D. J. Horen, J. A. Harvey and N. W. Hill 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

The availability of definitive and quantitative data with which to 
determine the spin and parity dependence of nuclear level densities is 
rather meager. We have employed high resolution neutron transmission and 
differential scattering measurements1) to investigate level densities in 
Z 0 7 P b in the energy interval E x = 6.738-7.638 HeV. The data have been ana
lyzed using R-matrix codes, and approximately 400 resonances have been 
assigned as s-, p-, or d-wave. 

The figure shows plots of the sum of the observed resonances versus 
neutron energy for each of these angular momentum transfers. As can be seen 
in the figure, the s-wave level density can be fit reasonably well over the 
energy range shown with a constant temperature model, i.e., 
p(E x) = ke E x / T , 

where Ex = S n + E n , the neutron 
separation and incident energy, 
respectively, and k and T are 
constants. Use of the parame
ters found to reproduce the s-
wave data and the assumption of 
a (2J+1) dependence for the 
level density formula give rise 
to the dashed curves for the p-
and d-wave resonances. As can 
be seen in che figure, the 
calculated curve for d-waves 
fair ly well describes the data 
whereas that for p-waves undere-
simates the level densities in 
this energy Interval. These 
results show that for a given 
spin ( I . e . , J) the level density 
is parity dependent for 2°'Pb 
( I . e . , at least in the energy 
interval studied here). I t will 
be interesting to see whether 
these results can be reproduced 
by detailed shell model calcula
tions. 

•Research sponsored by the Divi
sion of Nuclear Sciences, U.S. 
Department of Energy, under 
contract No. W-7405-eng-26 with 
the Union Carbide Corporation. 

1 . D. J . Horen, J . A. Harvey 
and N. W. H i l l , Phys. Rev. C 
20 (1979) 478 

jnm_-uwu OU-9UI) 
1 1 1 
2 0 6 P t l + n 

1 1 1 1 1 
s 40 S s ~ 

° DATA 
CALCULATED 

'v-P 

50 ~~ * = 0 

20 -
10 

• n f ^ -
«i ° \^-r^\ i 1 1 1 1 1 1 
S3 '60 1 1 1 1 1 1 1 ' J z 
5 140 _ » - ' ^ ~ 8 j=k.V * ^ 
Z BO 

i 
i 20 

*<*€?-y^ 

in 
^f^ - ' " " " I ° *2^h'T" 1 i i i 1 1 1 

8J240 1 1 1 i i i 1 1 1 
2 
3 
2 200 « = 2 ^r ~ 

J = *t.V *i0y 
160 

" .&* 
yy y 

140 
J?? 

80 - -
20 _ ^^^ _ 

0 - * « * f l 1 i i i 1 1 1 
0 100 200 300 400 500 600 TOO 800 900 

E„lk*(l 

746 



PAIR EXCITATIONS IN Er ISOTOPES* 

R.R. Bettst, M. H. Mortensen and M. S. Rosenthal 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

In an earlier study of W(p,t) reac t ions , 1 _ 3 ) a set of excited 0 + states charac
terized by a constant (p,t) Q-value and having substantial two-neutron transfer 
strength was identified. It was suggested that these states arise from a group of sin
gle particle orbitals below, and decoupled from, those comprising the Fermi surface. 
This suggestion was confirmed by the observation of a strong L = 0 transition with 
the same Q-value in the 183w (p,t) reaction which displayed none of the blocking of 
strength associated with the L = 0 transition corresponding to the even nucleus ground 
state transition. In an effort to see if the occurrence of such excited 0 + states i s a 
general phenomenon, we have studied Er(p, t) reactions with emphasis on excited 
L = 0 transitions. The results of this and earlier work by Maher et al.^)are shown in 
the figure. In each case, excited L = 0 strength is found near Q = -7.5 MeV but does 
not seem to be concentrated in a single state as is the case for W. Compared to 
1 7 0 E r ( p , t ) 1 6 8 E r the L = 0 transition in 1 6 7 E r (p.t) 1 6 5 E r corresponding to the even 
nucleus ground state transition is blocked 
by 43% — a number which is well repro
duced by microscopic calculations. The 
excited L = 0 strength is reduced by 30% 
in contrast to the W case where no block- , 
ing was observed. It seems therefore -' 
that although the occurrence of transi
tions such as these may be a general 
phenomenon, the detailed behavior is [ 
quite sensitive to the structure of each 
particular nucleus. 

'Er Motor ttoi. 
17.5 MeV 

sEr 

l _ i 
Present Work 
21 MeV 

I S 6 E r 
Mnher elal, 

17.5 MeV 

I 
8Er Present Work 

21 MeV 

1 
"To 

1) 
2) 
3) 
4) 

-7 -6 "5 -1 
Q-VALUE (MeV) 

Work supported by D.O.E. Contract No. DE-ACO2-76EHO3074 
Permanent address: Chemistry Division, Argonne National Laboratory, 9700 
South Cass Avenue, Argonne, Illinois 60439 
M.H. Mortensen, R.R. Betts and C.K. Bockelman, Phys. Lett. 70B (1977) 17 
M.H. Mortensen, Doctoral Dissertation, Yale University (1978), unpublished 
M.H. Mortensen, R.R. Betts and C.K. Bockelman, Phys. Rev. (inpress) 
J .V. Maher, J .J . Kolata, andR.W. Miller, Phys. Rev. C6 (1972) 358 
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SPIN-PARITY ASSIGNMENTS TO THE PRECURSOR STATES OF Kr-73 AND Ba-121 

D, L. Sastry, D. G. S. Narayana, L. R. Rao, M. S. Rao, 
B. M. Rao, V. R. Gopal, M. L. N. Raju and V. S. Rao 

Laboratories for Nuclear Research 
Andhra University, Visakhapatnam- 530 003, India 

We have statistically ' analyzed the delayed proton spectra from Kr-73 
and Ba-121 and theoretically computed the absolute proton intensities. The 
variable parameters are the spin-parity of the precursor state, Qg-Bp values 
(following the available mass relationships), and the expressions for level 
density due to different authors.2,3,4,5 T n e beta strength function was 
assumed to be a constant. 

The results in Kr-73 are summarized in Table 1. A comparison of the 
theoretical and experimental6' values of absolute proton intensities allows 
a 5/2" assignment to the precursor state of Kr-73, which is consistent with 
the v( l f5/25 _ 1 shell model configuration. A similar analysis in Ba«121 has 
enabled us a spin-parity assignment of 11/2" to the precursor state, consis
tent with the in-beam spectroscopy results. 

TABLE 1. Absolute proton intensities due to different level 
density formulas in Kr-73 for Qg-Bp = 4.441 MeV 
[Liran and Zeldes] and assumed I" = 5/2". 

Author Intensities 

Newton2* 4.6 x 10"3 

Gilbert and Cameron3' 3.4 x 10"3 

41 -3 
Fermi gas model 'and 2.9 x 10 S. "K. KatariaS) et al 

Experimental value: 
Experimental Qg-Bp: (4.85 + 0.3) 
Experimental value: (6.8 + 1.2) x 10 

1) P.Hornshoj et a l . , Nucl. Phys. A187 H972) 609. 
c) T.D.Newton, Can. J. Phys. 34_ (19567 666. 
3) A.Gilbert and A.G.W.Cameron, Can. 0. Phys. 43 (1965) 1446. 
4) A.Bohr and B.R.Mottleson, Nucl. Structure, Vol. 1 ( ) 155. 
5) S.K.Kataria et a l . , Phys. Rev. 18 (1978) 549. 
6) B.Jonson et a l . , Third International Conf. on Nuclei far from Stability, 

Carge'se, France (1976). 
7) Atomic and Nuclear Data Tables 17 (1976). 
8. J.Conrad and R.Repnew, Z.Physik~A"276 (1976) 403. 

748 



SYMMETRIES OF SINGLE CLOSED-SHELL NUCLEI 

Koji Taruishi 

Department of Physics, Tokyo Metropolitan University 
Tokyo, Japan 158 

Let us examine the experimental energies of the ground state band as a 
function of X = E(4t)/E(2t) - 2. When X is exactly zero, most of the exper i 
mental energies of the 6+ and 8t states exhibi t the expected pattern of the 
pure harmonic vibrator i.e. E(6t)/E(2t) = 3, E(8t)/E(2t) = 4 with E(4t) /E(2f) 
= 2. I t is also seen that the l imi t ing si tuat ion 6f the axia l ly symmetric 
rotor is recovered, when X reaches to the special value of 1.33, i . e . 
E{6+)/E(2+) = 7, E(8t)/E(2+) = 12 with E(4t)/E(2t) = 3.33. 

In the region where X is negative, considerable deviations are recogni
zed from the pure v ibrator or the pure rotor model. Since the negative X 
implies that E(4t)/E(2t) i s less than 2, the phonon-phonon interact ion wi th 
the to ta l angular momentum coupled to L = 4 tends to be at t rac t ive. 

We pick up nuclei which have X less than -0.5 and thei r exci tat ion 
energies are shown in the f igure. The experimental energies are taken from 
the compilation of Sakai and Rester 1 ' . These nuclei apparently keep none of 
the SU(5),SU(3) and 0(6) symmetries. I t is surprising that a l l nuclei i n the 
f igure are those for which ei ther of the proton or the neutron shell i s 
closed. 

A l l levels with the same angular momentum seem to locate roughly on 
s t ra ight l ines which 
cross each other at 
X = -1 .0 . I t is a 
point where a l l mem
bers of the ground 
state band except the 
ground state are dege
nerate. This is noth- I S 

ing but the typical 
feature of the pair ing 
force and indicates 
a d i f ferent type of to 
symmetry. 

05 

0.0 
- I D - 0 3 -O.B - 0 ? -0.6 - 0 5 

The auther would l i ke to express his sincere gratitude to Professor 
A.Arima for his valuable suggestions. 

1 . M. Sakai and A. C. Rester, 
INS Report-290 to be published in Atomic and Nuclear Data Tables 
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SPIN ASSIGNMENT OF LEVELS WITH L„=0 AND 1 IN Ge 

i.Ishikawa,N.Kato,S.Suematsu,and T.Kuroyanagi 

Department of Physics,Faculty of Science,Kyushu University,Fukuoka,Japan 

Nuclear spectroscopic study of 7 5Ge was performed by means of the 7l*Ge 
(94%)(d,p,y)reaction. Spin assignments were done from the angular 
correlation measurments by Litherland-Ferguson-Method II. Deuteron beam 
energy was 6.0MeV. The "yrays in coincidence with emitted protons around 180° 
to the beam axis were measured at 30°,50°,70°,90°,and 140°. The results of 
the angular correlation annalysis for the levels with l»i=0 and 1,which have 
been determined by the study of (d,p)reaction1^ ,are listed in the table. 
l)The levels with ln^O 

No anisotropy is observed in angular correlation functions of the 
deexciting Trays except the 456.3keV yray. Although the (d.p)data show that 
the 453±5keV level with l n=0 exists,this work proposes a level of J>3/2 at 
this position. On the other hand the 457±5keV has been assigned to be ln=3 
by Cp,d)study2' . This assignment is consistent with the res_j.t of the 
present study. 
2)The levels with l n=l 

The Yra-ys of 253.0keV,574.6keV,and 1136.7keV show anisotropy and the 
yrays of 310.3keV,885.6keV,and 819.5keV do not show anisotropy. Then the 
spins and parities of the levels 253.0keV,574.6keV,885.6keV,and 1136.7keV are 
assigned to be 3/2",3/2",1/2"(3/2"),and (3/2"),respectively. These results 
are consistent with the study of B-decay3'except the 1136.7keV level which is 
not observed in B-deeay study. But the spin assignment 3/2" for the 253.0keV 
level is in contradiction to the 1/2" assignment from the (3, p) data1*' . 

l )N.Kato,Nucl .Phys.A20_3(1973)97 
Z)R.Fourn ier ,Nuc l .Phys .A202(1973) l 

3)M.C.Chacko e t a l . Z . P h y s i k 262(1974)359 
4)W.A.Yoh e t a l ,Nuc l .Phys .A263(1976)419 

l e v e l ( 1 „ = 0 ) yray X Z (W(e) = A, 1 ) l e v e l ( l n = l ) yray A 9 (W(e)=l+A ? Pp) X 2 

456.3keV 203.6keV 1 .6 ' 253.0keV 253.0keV - 0 . 3 7 + 0 . 1 0 . 1 
456.3keV 7 .6 574.6keV 574.6keV - 0 . 9 1 + 0 . 0 4 0 . 9 

673.3keV 481.6keV 0 . 6 885.6keV 310.3keV 0 .08+0 .13 0 . 1 
1514.9keV 840.6keV 0 . 1 885.6keV 0 .02+0 .12 0 . 1 

939.4keV 0 . 7 1136.7keV 819.5keV - 0 . 1 4 + 0 . 2 2 1 .7 
1514.9keV 2 . 6 1136.7keV 0 .52±0 .29 0 . 1 

2660.7keV 1899.3keV 0 . 2 

1514.9 keV level 
M0.6keV 
5?=0.1 

30° 60° 90° 120° 150° 30° 60° 90° 120° 150" 

253DkeV level 
2530kev 
A2=-0.«»0.l 
V'01 

V 
30° 60° 90° 120° iSo° 
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LIFETIMES OF THE YRAST STATES OF " ' ""xe 
T. Katou, Y. Tendow, H. Kumagai, Y. Gono and A. Hashizume 

The Institute of Physical and Chemical Research 
Wako-shi, Saitama, 351. JAPAN 

Recently, it was reported that the ratios of reduced transition 
probabilities, B(E2;I - I-2)/B(E2;2+ - 0+), for the yrast cascades in the Ce 
isotopes, i".»3*.i« C e (ref.l), and the l 2 6 B a nucleus2) deviate from the 
rotational and vibrational model predictions. The reductions are strongest 
for 10 - 8 + transitions and 8 +- 6 transition, respectively. This phenomenon 
was interpreted for the Ce isotopes as a result of a band mixing3) which 
caused backbending in these nuclei. However, in the case of 1 2 g B a the . 
reductions of B(E2) values seem not to correlate with the backbending2'. It 
seemed worthwhile to measure the lifetimes of yrast cascades in the 
neighbouring nuclei n»»>20x e since the lifetimes in these nuclei had been known only up to 4 + states4'. 

The experiments were performed by means of the recoil distance method 
using the 1 0 7' 1 0 9Ag( 1''N,3nY) 1 I 8 , 1 2 0Xe reactions at 60 MeV bombarding energy. 
The lifetimes and B(EZ) values deduced 
in the present experiments are 
summarized in table. The B(E2) values 
of 1 2 0 X e can be well reproduced by the 
rotational model up to 6 +-4 + transition. 
However, the B(E2;8+-6+) value in l l a X e 
is reduced substantially. The B(E2) 
values of 6 -4+ and 4 +-2 + trasitions {jj 
in l l f lXe are less than the rotational a 
and vibrational model predictions as 
shown in the figure. The reduction " 
pattern of 1 1 B X e is similar to that of 
l 2 6 B a (ref.2). The retardations of the ' 
E2 transitions in n e X e originate from 
the other reason than a band mixing 
since no backbending occurs in this 
nucleus up to spin 12 + as shown in the 
figure. 

1 1 8 X e 

.A Iran IM £ 

A-t-
M C~1 <U fe%6* loW 

l 2 ° X e 

(M?(i*v7 " 

I 
ItJllfVl} 

Ey(keV) i l - i f T(pS) 
B(E2) 

e 2fm"x10 3 

337.3 2+. o+ 65( 3) 2.87(21) 
472.8 4 + . 2+ 10.8(18) 3.2( 6) 
586.4 6 + - 4+ 4.6(12) 2.7( 6) 
676.4 8 + - 6 + 4.0(15) 1.4( 6) 
741.5 1 0 + - 8 + <1.8 >2.0 

EY(keV) l i " I f T(ps) 
B(E2) 

e 2 fm*xl0 3 

321.8 2 + - 0" 122(12) 1.94(22) 
473.5 4 + - 2 + 11.0(12) 3.1( 6) 
601.1 6 + - 4 + 3.0(10) 3.5( 4) 
701.3 8 + - 6 + <2.0 >2.4 

1. D. Husar et al., Nucl. Phys. A292 (1977) 267 
2. G. Seiler-Clark et al., Phys. Lett. 80B (1979) 345 
3. M. Reinecke and H. Ruder Z.Physik A282 (1977) 407 
4. A, M. Bergdolt et al., Proc. Int. Conf. on Nuclear structure, Tokyo, 

1977, p359 W. Kutschera et al., Phys. Rev. C5 (1972) 1658 
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COULOMB DISPLACEMENT ENERGY OF THE EXCITED STATES IN T=l NUCLEI 
H.Yokota, K.Fujioka,Y.Mihara and R.Chiba 

Department of Physics 
Tokyo Institute of Technology 
Meguroku, Ohokayama, Tokyo 

The Coulomb displacement energies of the excited states in 
mirror nuclei have been studied for particle-hole states, and it 
was found that the.BFZ model predicted fairly well the systematics 
of T=l/2 mirror nuclei in the 2s-ld and If shells. In the case of 
T=l mirror nuclei,the Coulomb displacement energy should be large 
and more sensitive to the nature of the excited states,but we 
have not sufficient data yet. We tried to construct the level 
scheme of 3 0s at relatively high excitation energy from the angu
lar correlation measurement of the secondarily emitted proton in 
coincidence with the neutron at small angle by the 28Si(x,n) 
reaction. The distinction of the protons to the excited states of 
2 9 P was performed by the TOF signal and the n-T separation was 
possible even for low energy neutrons of 300KeV. 

The energies of the excited states were deduced from the 
proton energy and the agreement with the result of the (p,t)reac
tion was good up to 7.5MeV. The analysis of the angular correla
tion of the emitted proton in the (x,np) reaction using method 
of Litherland and Ferguson was performed and unique J* assignment 
were given for 3 levels(5.29MeV 3",6.3 9MeV 0+ and 6.12MeV 1 ) 
and probable values for other 10 levels. The correspondence of 
the mirror states in 3 0Si and 3 0 S was determined from the assign
ed J* value and relative yields of the mirror reactions z8Si(T,n) 
and 28Si(t,p) at small angles with the beam energies of alout 10 
iyleV. AE from the present result and the data of ref.2) are shown 
in the figure. It is evident that the average values of the 
Couloirb displacement energies decrease with the excitation energy 
and 4 E= (4E„C/Eb) E e x

 a r e 

fairly good guide lines, 
where Efc, is the total bind- /!EKv)=Eei,(N̂ z)-Eai(ẑ N) ing energy of the Z> nucleus r and ilEgC the CouJomb displacement energy of the 
ground states. In the case 
of Z^ is even, the Coulomb 
energy is not so sensitive 
to the parity of the excit
ed state but it should be 
necessary to take into 
account the effect of pair
ing forces between bound 
or unbound orbits to dis
cuss about the fine 
structure. 

0.5- T = 1 Mirror(Z> even) 

0.3 

r 

T=l/2 Mirror(Z> even) 
• A= 31 
+ A= 27 

1. R.Sherr and G.Bertsch, Phys. Rev. C12 (1975) 1671 
2. P.M.Endt and C.Van der Leun, Nucl. Phys. A310 (1973) 1 
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A CHECK ON INDIVIDUAL TERMS OF THE NUCLEAR MASS FORMULA 
C. Y. Tseng and C. Z. Lin 

Department of Physics 
Peking University, Peking, China 

and 
Fu-chia Yang 

Department of Nuclear Science 
Fudan University, Shanghai, China 

The usual way to check whether a nuclear mass formula is good or not is 
to compare the calculated mass with experimental value. In this paper some 
concepts are summarized which check one or two terms in the mass formula 
separately: 

(1) P/P1 ratio — pairing energy, 
(2) Janecke ratio - symmetry energy; 
(3) A-dependence of giant resonance energy — symmetry energy; 
(4) IMME - Coulomb energy (isobaric multiplets); 
(5) Differences of Coulomb energies — Coulomb energy; 
(6) S-stability line — Coulomb energy and symmetry energy; 
(7) Fissibility — Coulomb energy and surface energy. 
The following nuclear mass formulae are compared with each other: 
(A) Revised Weizsacker formula; 
(B) Danos-Gillet formula; 
(C) Myers-Swiatecki formula; 
(D) Our formula.') 
The main results are the following: 
(1) P/P'= 1 for (A), (B) or (C); = 4/3 for (D), which is in 

agreement with the experiment (see Ref. 1). 
(2) From the Janecke ratio, the form T(T+1) for the symmetry term 

is better than T(T+4) or T 2. 
(3) By the symmetry term T(T+1)/Aa, with a = 0.9, the A dependence 

of giant resonance can be explained extremely well. 
(4) IMME, M(A,TZ) = a + bT z ++ cT| + dT|. Only for (D), dfO. 
(5) E c = E C(Z+1)-E C(Z). For (A) and (B), E cA 1 / 3/(Z + !s} = const.; 

for (C), E cA 1 / 3/(Z +!s)0- 1.689/A2/3) = const.; 
for (D), E c / Z ^ 3 = const., which is in good agreement with 
the experiment. 

(6) For the B-stabi1ity line, if we compare the calculated Z with 
the experimental value Z and calculate the root mean square RMS, 
then for (A), RMS = 0.450; (B) =0.589; (C) =0.438; (D) =0.429. 

1) C.Y.Tseng, T.S.Cheng, and Fu-chia Yang, Nuclear Physics (in press). 
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OCTUPOLE VIBRATIONS IN THE EVEN-MASS ISOTOPES OF MERCURY 
A.M. Baxter and S. Hinds 

Physics Department, Faculty of Science 
Australian National University 

and 
R.H. Spear and T. Zabel 

Department of Nuclear Physics 
Australian National University 

Canberra, A.C.T., 2600, Australia 
The elastic and inelastic scattering of '•He ior.s from 198,200,202,20^9 

and 20"t,206,208pi3 n a s been measured by bombarding thin isotopically-enriched 
targets with ion beams from the ANU 14UD Pelletron accelerator. Scattered 
particles were detected near 180° with an annular surface-barrier detector. 
In addition, for 20'.)20G,208pD a n (j 20t H g > angular distributions of elastic 
and inelastic scattering at 27-MeV incident energy were measured with an 
Enge split-pole spectrograph. 

For 2oU,206,20BpD a t 27-MeV incident energy the most strongly populated level after the ground state was the well-known 3" level near 2.6 HeV in each 
nucleus'.2,3), i n the case of 2 0 l*Pb we find the excitation energy of this 
level to be 2617 + 3 keV rather than the adopted') value of 2627.1 ±0.3 keV. 
With the four even-mass isotopes of mercury similar behaviour is observed; 
in each case, a level near 2.6-HeV excitation is more strongly fed than any 
other except the ground (0 +) and first-excited (2 +) states. The excitation 
energies in each case are given in the accompanying table. The ratio of the 
inelastic-scattering cross-section to the level near 2.6 MeV to the elastic-
scattering cross-section is of comparable magnitude for all seven nuclei 
with a smooth increase from 1 9 8 H g to 2 0 8 P b . 

These similarities indicate an essentially common structure for these 
states and that those observed in the even-mass mercury isotopes have, as in 
the lead isotopes, JT=3~. This conclusion is supported by the similar 
shapes observed for the angular distributions for inelastic scattering to 
these levels in 2 0 I*Hg and the lead isotopes. The 3" levels near 2.6 MeV in 
the lead isotopes are known to have a collective nature and have been identi
fied with octupole vibrations. The prominence in inelastic '•He-scattering 
of the corresponding levels in the mercury isotopes strongly suggests that 
they too may be attributed to octupole vibrations. 

Excitation energies of 3" Levels 
198 H q 200 H q 202Hg z°*Hg 20<*pb 206pb 208pb 

Ex(keV) 2486±3 
(Present work) 

2609±3 2709±3 2674±5 2617+3 2644±2 2612±3 

1. M.R. Schmorak, Nucl. Data Sheets 22 (1979) 581. 
2. M.P. Webb, Nucl. Data Sheets 26 (1979) 145. 
3. M.B. Lewis, Nucl. Data Sheets 5_ (1971) 243. 
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BAND STRUCTURES IN ODD-A Xe NUCLEI 

H. Helppi, J . Hattula, A. Luukko and M. Ja'a'skelainen 
Department of Physics 

University of Jyva'skyla 
SF-40720 Jyva'skyla' 72, Finland 

F. Dbnau 
Zent ra l ins t i tu t fu r Kernforschung 

DDR-8051 Rossendorf, GDR 

Level structures in odd-A xenon nuclei with A = 123-129 have been 
studied with Te(3He,xn-y)Xe reactions using in-beam 7-ray spectroscopic 
methods. Several di f ferent band-like structures have been ident i f ied in a l l 
these nuc le i . The observed bands are based on the s w 2 , d 3 / 2 > 'i'lzt 97/2 
and h p / 2 neutron quasiparticle states which a l l l i e close to he Fermi level 
in th is mass region. 

I t has been shown 1 ' 2 ' that the unique-parity h n / 2 level systems are 
well reproduced with the t r i ax ia l rotor model. However, our previous 
analysis of the level scheme of l z 5 X e shows2) that the posi t ive-par i ty levels 
belong to a more spherical core shape (v ibrat ional - l ike) than the h u / z band 
structure. In th is work we have interpreted the posi t ive-par i ty bands in 
terras of the core-quasiparticle coupling model 3). The main advantage of th is 
approach i s that the part icle-hole composition accords with the transi t ional 
shape of the underlying core nucle i . 

The comparison of the experimental and calculated posi t ive-par i ty bands 
in i 2 3- i29y e - j S s n o w n i n the f igure. A l l band structures and the i r changes 
from isotope to isotope are we'1! reproduced. 

0 7/2 b a n d d U t bawl *H2 ^ d \ l b S n d 

. • — • ' . 
at .—. M - - ,__. _.— 

•' , L •' ' .— > 3ir._^~' 
• BS' 

UP~ ' J J- uav—"' .—' ~ 

_' _ . — • ' : r- • /~"~ a/r ,-—' __.-—\ ijflV • / rar """; 
• . W' —• T t f f . — ' —*'; 2J1'-—' " — , . — ,— -. „ -tss 

J f f 1 - JS**&* 4 ^Sm nr. .. , 
sa*. -—' — "_"'— 

- — • — nr . t» t» 127 123 I2S 127 121 125 127 123 125 127 123 123 !27 129 (23 1» 127 129 123 12} 177 179 123 173 127 119 

THCOR. ERR IH£0R. EIP. THEOR. EXP. THEOfl. E*P. 

Permanent address: Lappeenranta University of Technology, SF-53851 
Lappeenranta 85, Finland 

"Present address: Department of Chemistry, Washington University, St. Louis, 
Missouri 63130, USA 

1. A. Gizon and J . Gizon, Z. Physik A289 (1978) 59 
2. H. Helppi, J . Hattula and A. Luukl^oTNucl. Phys. A332 (1979) 183 
3. F. Donau and S. Frauendorf, Proc. I n t . Conf. Nucl. Structure, Tokyo 1977, 

J . Phys. Soc. Japan 44 Supp. (1978) 526 

755 



MEDIUM-SPIN STATES IN THE N=B1 NUCLEUS 1 4 5 G d 

A. Pakkanen and J. Muhonen 

Department of Physics 
University of Oyvaskyla 

Nisulankatu 7B 
SF-40720 Jyvaskyla 72 

Finland 
The nucleus 146Gd has many properties of a doubly closed 

nucleus-'), and therefore the level structure of the neighbou
ring nuclei is very interesting. The yrast levels of 1 4 5 Q J have 
been recently studied using the I^Smta, 3n) reaction^), but 
only the 1/2* ground state, the 3/2 + level at 27 keV and the 
11/2" isomeric state at 749 keV are known below 2.3 NeV. This 
is surprising because there should be about ten more levels in 
this energy region according to predictions of different nuclear 
models. 

We used a 1 4 4Sm( 3He,2n) reaction to study levels of 1 4 5 G d . 
This reaction is suitable to search for missing medium-spin 
(3=5/2-15/2) states, which are strongly populated in 3He-induced 
reactions. Methods of in-beam spectroscopy were applied, in
cluding measurements of Y-ray and conversion-electron singles 
spectra, ify-coincidences and angular distributions. We observed 
ten new levels between the known 11/2" 749 keV a,id 13/2* 23D2 
keV states: the 5/2* 1015 keV, 7/2" 1273 keV, 7/2 + 1415 keV, 
(3/2,5/2)" 1525 keV, 9/2" 1BB4 keV, 7/2" 1810 keV, 1919 keV, 
2175 keV, 2200 keV and 2259 keV levels. The known yrast levels 
up to the 21/2* state are also populated in the ^ 4 4Sm( 3He,2n) 
reaction. 

The lowest states in ̂ ^Gd are quite pure s<]/2- ^3/2- n11/2 
and d5/2 hole states. A_weak-coupling model, where a neutron 
hole is coupled to the 3 1579 keV and 2 + 1971 keV states in 
146Gd COTB, describes very well the other known levels. Almost 
all states below 2 MeV predicted by this model were observed in 
the present work. Our results are in agreement with the Z = 64 
proton-shell closure. 

1. P. Kleinheinz et al., Z.Phys. A2BB M97B) 27; A290 (1979) 279 
2. D.R. Haenni et al., Proc.Int.Conf. on Structure of Medium-

Heavy Nuclei, Rhodos, 1979, ed. "Demokritos" Tandem Accele
rator Group, Athens (The Institute Of Physics, Bristol, I960) 
p. 133 
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STUDY OF H OCa COUPLING OF SURFACE PHONON PARTICLB HOLE 
Wang Zhi-yu Fu De-ji 

Institute of nuclear research, Shanghai, China 
A nucleus is a quantum system with multiple degrees 

of freedom. The experiments showed that for **Ca, a 
double closed shell nucleus, there exist not less than 
three 3~ levels with excitation energy below 8 Mev. In 
this paper, theoretical calculation is carried out based 
on a semi-microscopic and semi-phenomenalogical model 
which 'deals with the coupling between particle-holes and 
surface oscillating phonon in the light of the elementary 
modes of excitation. The Hamiltonian of the system can 
he expressed as H=* H. + Hint i- HP-k 

Inhere H„ is the energy of particle holes and surface 
phonon, Hintis the interaction between particle holes and 
surface phonon, U , is the interaction between particle 
end holes. f~" 

In the calculation of matrix elements Rosenfeld 
force with Gaussian type radial dependence are used, and 
the harmonic osclllitor wave functions are adopted. For 
the sake of comparision, we also carry out the calcula
tions U3lng 10 other types of two-body forces, which are 
suggested by Gillet. 

The wave function of the system is written in the 

Where j a is the angular momentum of the holes; j b is the angular momentum of the particles, R is the 
angular momentum of the phonon i" is the total angular 
momentum for the coupling of J and R, Mj is the I" 
projection. 

In the calculation, potential parameter V„(—32.5 Mev) 
and^l~-3) that characterizes the coupling between particle 
and phonon are adjusted to fit the levels in the lower 
excitation energy region of "8Ca. The results are given 
in the table and show that the agreement with the experi-
ments are quite well. ^ 

Y 3"fl) 2+<tt) 5~<I) 3"il> l\l) 4+<I> 4+rtt; 3"tJJ S'lV 

e*periments(Mw) A.*) 4-.il SMS- s.n Uo . . * " Lbs 7.68 8-38 

calculation CMW; A.SS 4.7* S.6S 547 LOO 6.oo 7. it 7-68 7.70 
In addition, the gamma transition probabilities are 

also calculated. For the transition from 3~C4.51-M.ev) .4, 
state to ground state, the reduced probability 65OO e.xJw and lifetime 6ps (+4,-2) have been obtained experimen
tally, while our calculations give results 5649 e 1 ^ and 
B.46 ps respectively. 

This model is valid in the description of collective 
degree of freedom and single particle degree of freedom 
for the nuclei. 
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THE GENERATOR COORDINATE METHOD FOR THE COUPLING BETWEEN 
VARIOUS MODES OF COLLECTIVE VIBRATIONS 

Fu De-ji Xia Ke-ding 
Institute of Nuclear Research, Shanghai, China 

The study of collective motion in a certain kind of sub-
space using GCM has been discussed in general by Hsu(1). In 
this work, with the help of extending subspace we adopt GCM 
to treat the coupling between pairing and octopole vibrations 
in z o 6Pb. The subspace is generated by applying a contineous 
trasformation group g(d;£M/t) to the ground state: 

Where P ,P are infinitesimal generating operators related to 
pairing vibration, and Q̂i are related to octopole vibration. 
The Hamiltonian is expressed as 

We start from Hill-Wheeler equation 

The overlap integral N A A , is calculated using Gaussian overlap approximation. When calculating H r t A, we neglect anharmonic effect and the contributions given by the higher order Feynman 
diagrams. We only select those diagrams which represent the 
interactions between the pairing and octopole vibrations. 
After some manipulations (1), How is transformed into the form 
expressed in phonon number representation, and the coupling 
energy is evt.luated to be about 170JCev. By means of a canoni
cal transformation^ , we finally have 

H = Ec+ t t5&+ E"<£<T- + L E" /^V *°ur operator terms 
We refer to & and A as the physical phonon operators for pair
ing and octopole vibrations respectively. E c is the energy for ground state correlation. Because of the above mentioned 
approximations in N^ and H,,̂  , we don't calculate the pairing 
vibration spectra in the region of M SPb, but only estimate 
the coupling effect on the neutron pairing vibration state 
11,1) arising from extending subspace. The result shows that 
this effct is about -0.3Kev. It brings the level(1,1) close 
to the experimental level but seems unable to fully account 
the discrepancy(2). 
11; Hsu Kung-ngou Scientia Sinica 17(1974)639-
(2) Liu Jie-yi Lu Si-yu unpublished 
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OBSERVATION OF SELECTIVE EXCITATIONS IN ACTINIDE NUCLEI VIA ALPHA-PICKUP"?" 

J. Janecke" 
Kernfysisch Versneller Instituut, Rijksuniversiteit Groningen, Netherlands 

and University of Michigan, Ann Arbor, Michigan, U.S.A. 
F. D. Becchetti and D. Overway 

University of Michigan, Ann Arbor, Michigan, U.S.A. 
J. D. Cossairt 

Cyclotron Institute, Texas ASM University, College Station, Texas, U.S.A. 
R. L. Spross 

University of Southwestern Louisiana, Lafayette, Louisiana, U.S.A. 

The a-cluster pickup reaction (d,6Li) has been studied at E^=55 MeV on 
targets of 2 3 2 T h and 2 3 e U . The low-spin members of the ground state rotational 
bands in 2 2 6 R a and z 3 1 ,Th are excited. Absolute reduced ot-widths obtained from 
finite-range distorted-waves analysis are in excellent agreement with the 
values deduced from a-decay life times and branching ratios. Three additional 
groups of states in both 2 2 B R a and 2 3 l ,Th are strongly populated with spectro
scopic strengths about equal to those of the ground state bands. It appears 
that the excited groups are rotational bands with band heads at Ex=700±40, 
1070+60, 1390±60 keV in 2 2 8 R a and at Ex=810±30, 1150±40, 1470+40 keV in 2 3"Th. 
The observed a-transfer to excited states is 
much stronger than is observed in (p,t) experi
ments') in this region where usually only one 
excited 0 + state is populated with typically 15% 
of the ground state strength, and from (t,p) 
experiments ' where excited 0 + states are 
usually not seen. The a-transfer is also 5 - 1 0 
times stronger than is indicated by the reduced ' 
hindrance factors deduced from weak a-decay 
branching ratios. • 

About 20 - 40 % of the nuclear matter 
density in the nuclear surface at rsl0.6 fm is 
associated with valence a-particles. This quantity? 
is calculated from the distribution of a-particle g 
centers (based on the experimental reduced widths) jj| 
folded with the size of the free a-particle. The 1 
nuclear matter density at this radius is about * 
0.2 % of the central density, and the high a-
clustering probability may be indicative for a- , 
particle condensation of lov-density nuclear matter 

The interacting boson model is used to 
describe the systematics of excited 0+ states in 
the actinide region, but intruder states are 
clearly present and transfer strengths are not A E a ^ 
reproduced properly. The observation of strong ovwamKB 
a-cluster pickup to excited rotational bands seems to suggest coherent contri
butions from both neutron and proton pair excitations which lead to strong 
a-like four-body correlations and/or to new types of collective excitation 
which favor quartet structure. 

t Supported in part by the National Science Foundation Grant PHY 78-07754 
tt Supported in part by the Stichting voor Fundamenteel Onderzoek (F.O.M.) 
1) J.V. Maher £t al., Phys. Rev. Lett. JS5 (1970) 302 
2) R.F. Casten £t al., Phys. Lett. 40B (1972) 333 ; B.B. Back et al., Nucl. 

Phys. A217 (1973) 116 

—uu.\n«**Ti. 
E«>M-By*V 
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OBSERVATION OF COMPOUND-NUCLEUS X-RAYS IN 10 AND 12 MeV p + I 1 2 S n SCATTERING* 

H. Dost, S. Hoppenau, and S. Rbhl 

Ins t i t u t fur Kernphysik, Universita't Kbln, D-5000 Kb'ln, Germany 

United-atom x-rays emitted during nuclear scattering ident i fy the short
l ived compound nucleus (CN). For proton scattering on 1 I 2 S n and 1 0 6 C d , such CN 
x-rays have been observed 1 ' 2) and the mean l ives of the excited CN deduced. 
Present experiments3) at Darmstadt and Berkeley attempt to use th is scheme to 
look for CN formation in 2 0 8Pb+G I*Ni and Ar+Th co l l is ions. 

We have studied CN x-rays in e last ic and inelast ic proton scattering at 
7,10 and 12 MeV on 1 1 2 S n . Proton-K x-ray coincidences were measured in close 
geometry1), with protons detected at 130°±30°, and x-rays at 90°. Prompt CN 
x-rays were seen fo r inelast ic scattering into 1.0-6.9 and 2.6-8.7 MeV ex
cited states of 1 1 2 S n at 10 and 12 MeV, respectively. Fig. 1 shows the x-ray 
spectra af ter removal of randoms,of the intense Sn x-rays, and the Compton 
background (2.3*10" 5/keV per inelast ic proton, in the 0.87sr, 5mm S i ( L i ) ) . 
A total of 0.4 and 1.2xl0 8 inelast ic events were recorded. The Sb-K signal is 
80+50 at 10 MeV, and 250+80 at 12 MeV. No CN x-rays are found at 7 MeV, and 
for elast ic scattering at 7,10 and 12 MeV. The CN x-ray y ie ld is converted i n 
to average CN level width Trw by comparison to the K-vacancy decay width r^ 
(Sb) = 9.19 eV. F ig. 2 shows how the resul t depends on the ra t io r=PK in/P|< of 
K-shell ionizat ion probabi l i ty before absorption into the CN over probabil i ty 
on a f u l l scattering t ra jectory. The naive choice r=0.5 yields rQN= 16.6+15.7 
eV at 13 MeV, and 19.1+11.1 eV at 15 MeV excitat ion of the CN l l 3Sb.However, a 

preliminary semiclassical calculation 1*) gives 
at 10 MeV r=0.75, while one estimates r=0.33 in 
broken-line approximation by using the monopole 
amplitude 5) from p+Ni at s imi lar re la t ive veloc
i t y vD/vi<. Corresponding values TCN/TK a r e 3 - z l 
and 0.85. 

The var iat ion of rr,N/rK with excitat ion in 
1 1 3 S b , considering present er rors , i s as expect
ed. For 1 0 7 I n the CN x-ray y ie ld of Chemin et 
a l . 2 ) , with P|< which we have measured independ
ent ly , results for r=0.5 in rr|\|/rK=1.0 at 13.6 

MeV, and =0.2 at 15.6 MeV ex
c i ta t i on . 

We have started con
structing an improved detec
t ion system with part ia l sup
pression of Compton back
ground in the x-ray spectra. 

I 

5 
r oA A 

3 
p. ' , 2 Sn 1 2 / / 

2 / 1 0 MeV 

n -
-XK-K 

X RAT ENERGY IUVI 

Fig. 1 Fig 
05 
2 

••"Supported by BMFT and DFG, Bonn, Germany 
1. S. Rbhl, S. Hoppenau, M. Dost, Phys. Rev. Letters 43 (1979) 1300 
2. J , F. Chemin, S. Andriamonje, J Roturier, B. Saboya, J . P. Thibaud, 

S. Joly, S. P la t tard , J . Uzureau, H. Laurent, J . M. Maison, J . P. Shapira, 
Nucl. Phys. A331 (1979) 407 

3. R. Anholt, Z. Physik A292 (1979) 123, and reference 41 given there 
4. D. Trautmann, private communication, 1980 
5. J . S. B la i r , P. Dyer, K. A. Snover, T. A. Trainor, Phys. Rev. Letters 

41 (1978) 1712 
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REGULAR STRUCTURE IN BENZENE AND NUCLEI 

J . V . Kane J r . 

J.V. Kane and Company 
300 E. Lancaster Ave. 

Wynnewood, Pa. 19096 
The Benzene molecule is usually thought of as being a 

"ring" structure but this is probably only a two dimensional 
projection of an octahedronally shaped three dimensional ob
ject. The many body force in Benzene molecules arises mainly 
because each point of the octahedron has four nearest neighbor 
points. In Benzene the entity which resides near these points 
is a Carbon - Hydrogen. 

In the heavy nuclei I observe that the especially stable 
nucleus0_Pb with the addition of six Tritons gives O DRa 

232 238 
and eight gives gQTh and further ten gives U and that a 
main sequence of Triton structured nuclei seems to exist from 
5 0 S n 1 1 2 through g 8 C f 2 5 6 . 

Also in very light nuclei the sequence of nuclei .H , 
-He , ,Li , .Be , 5B , and gC ect. support the idea that in 
nuclei the Triton acts similiarly to tht-WftlV a Carbon -
Hydrogen acts in the Benzene molecule. 
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DETEEMINATION OF NUCLEAR STABILITIES IN THE 
SUPER HEAVY REGION AND SCME NEW CONCEPTS 

S . M. Ayub 

A-2, Bliss Apartments, A/1, McMeil Road 
Karachi/PAKISTAN 

If a set of accepted norms for a system fail to account for some funda
mental characteristics, we have to look to methodologies without a similar 
break-down. For instance, the stability curves and graphs lose their 
predictive potentials when projected into the region of Super-heavies. Other 
accepted principles such as the nuclei having double magic numbers cease to 
be spherical. Also the outer Atomic system of electrons, which has otherwise 
not much to do with the stability of nucleides, starts playing a definite 
role in determining the over-all stability, as due to the high fissility of 
the nucleus, the outer elections start collapsing into the nucleus, thereby 
preventing further Elemental format-inn, beyond a limit, which has been 
calculated to be nearabout 145Z. 

The cause of these break-downs is the large fissility of the nuclei in 
this region. Alternative methodologies have to be followed to pin-point 
stable and semi-stable Elements in this region. He will touch upon these 
briefly. 

Substantial shell corrections have to be applied to bring out the reali
ty. There are many methods available for this,including that of Strutinsky; 
we may however, quote the mass formula : . z. 

where gs, g,, are fissility parameters, and form &U (N,Z) the deformation 
parameter or the shell correction is calcuable, corresponding to the shape of 
the nucleus. 

In order to calculate the fissility of nuclei in this region, modified 
H.F. corrections are projected carefully. 

Then we may calculate as to how the outer electron system starts 
collapsing into the nucleus at nearabout 145Z. The relativistic fissility of 
145Z on the single particle - shell model calculates to about 4.0. The 
valence electrons of 145Z are :-

5g 1 8 6p 7d2 8s 2 8PW2 
The relativistic fissility of the 5g orbit calculates to nearly 3.58 and of 
the 8p orbit to 3.90. The 8p orbit starts collapsing into the nucleus, 
which phenomena prevent further Elemental formation beyond nearby 145Z. 

The criteria for determining the stability of nuclei in this region 
changes in terms of the Proton Shells characteristics and nuclear structure 
by numbers 4, 8, 16 and 32, keeping a stable nucleus like that of Pu§|9 as 
the base. 

The role played by the predictive power of the Periodic Table cannot be 
minimised. There has been nothing to show that this role of the Periodic 
Table undergoes a change in this region. The universality of the Periodic 
Table remains unchanged. 

Consequently, the stability criteria for the nuclei in this region and 
the role of the outer electron system vis-a^vis the fissility of the nucleus 
as also the positional placement in the Periodic Table, determine the stable 
and semi-stable Elements. The determination of such Elements in this resear
ch, ware presented in some other forum of the American Physical Society. 
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DECAY OF 9 7 Pd AND INVESTIGATION OF LEVELS IN ODD-A Rh ISOTOPES 

H. Gbkt'urk and N. K. Aras t 

Middle East Technical University, Ankara, Turkey 

P. Fettweis and P. del Marmol 

C.E.N./S.C.K., B-2400Mol, Belgium 

J. Vanhorenbeeck 

U.L.B., Campus de la Plaine, B-1050 Bruxelles, Belgium 

K. Cornel is 

K.U.L., Celestijnenlaan, 200D, B-3030 Heverlee, Belgium 

The energy levels of 9 7 Rh have been investigated through the decay of 
9 7 Pd. Direct -y-spectra, y-y and e-y coincidences were measured on enriched 
9 6Ru targets irradiated with 20 MeV 3He Ions. A QEC of 4.8±0.3 MeV has been 
obtained. Of the 55 y-transitions assigned to the decay of 9 7 Pd, 46 have 
been included in a level scheme. 

The ground state of 9 7Rh is g P/2 + . One would expect to observe a 
quintet with 5/2+<J"<13/2+ resulting l'rom the coupling of the g 9/2 + 

quasiparticle to the 2* phonon state of the core at about the energy of the 
quadrupole excitation in neighboring doubly even nuclei. However, in the 
Z=43, 45 and 47 nuclei experimentally one finds the 7/2* and 5/2+ members 
lying well below the energy of the 2* states in the adjacent even-even 
cores. In some cases, the 7/2* state is below the 9 /2 + state and is the 
ground state (e .g . , * 0 3Rh and l^Ag) . The other three members of the 
quintet are usually found near the energy of the adjacent even-even core 
(e .g . , 9 5 T c , l°5Ag). 

From the systemetics of the different energy A E ( 7 / 2 + - 9 / 2 + ) and 
aE(5/2 + -9/2 + ) for odd-A isotopes of Tc, Rh and Ag, as well the position of 
the f i r s t 2t level in . :ighboring e-e isotopes, the low lying 7/2 + and 5/2* 
states in 9 'P r are assig. ed at 265.4-and 475.1-keV, respectively. These 
states are mu-h lower than the 2 + state in 9 6Ru (833-keV) and ™P<1 
(841-keV). The results of the dressed three quasi particle, 3DQP, 
calculations of Kuriyama et a l . 1 are compared with experimental results in 
odd-A Rh isotopes. The geneTal features are well reproduced especially by 
including the mixing effects between the 3DQP (7 /2 + and e / 2 + ) and one 
quasi-particle states (g 7/2+ and d 5 /2 + , respectively). 

^Present address: Department of Chemistry, University of Marvland, College 
Park, MD 20742 
*A. Kuriyama, T. Marumori and K. Matsuyanagi, Prog. Theor. Phys. Suppl. n58 
(1975). 
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EXPERIMENTAL AND THEORETICAL SURVEY OF THE STRUCTURE OF In NUCLIDES 

R. A. Meyer 

Nuclear Chemistry Division, Lawrence Livermore Laboratory 
Livermore, CA, U.S.A. 94550 

K. Heyde 
Laboratorium voor Kernfysica, R1jksuniversiteit Gent 

B-9000 Gent, Belgium 

W. B. Halters 

Department of Chemistry, University of Maryland 
College Park, MD, U.S.A. 20742 

Extensive experimental studies by numerous Investigators using nearly 
a l l of the techniques available to nuclear scientists have been applied to 
the study of the low-lying level structure of the odd-mass indium nuclides. 
The discovery of low-lying low-spin posi t ive parity states in In-115 that 
cannot be found in the simple shell model description of a single g 9/2 or 
p 1/2 hole coupled to the closed shell at 2=50 has stimulated equally 
extensive theoretical attempts to describe the observed structural features 
of the In nuclides. 

The principal structural features include the g 9/2 ground state and a 
p 1/2 isomeric hole states known for odd-mass In nuclides for which 
105<A<129, a quintuplet of positive par i ty states with 5/2<J<13/2 with 
g 9/2-1 x 2+ principal configuration, 3/2" and 5/2" states with mixed 
configurations, and the anomalous low-spin positive pari ty states. The 
posit ive par i ty quintuplet i s known from 107<A<121 and has an average energy 
near that of the 2+ state in the adjacent even-even closed shell Sn nuclide. 
The 3/2 ' and 5/2" states l i e above the 1/2" isomer and appear to have both 
p 1/2-1 x 2+ a n d p 3/2-I o r f 5/2-I character. 

The anomalous posit ive parity states consist of six states with 
l /2<0<l l /2 that are known for mass 115, 117 and 119. Only the 9/2+ state is 
missing for In-121 and only the 11/2+ state is missing in In-113. Only 
1/2+, 3/2+, and 5/2+ states have been ident i f ied in In-107, In-109 and 
I n - I l l . 

In In-115 these states may be described with nearly equivalent success 
as one-particle two-hole states 'n which the 49th proton l ies in the d 5/2 
or g 7/2 orb i ta l across the Z=50 closed shell or as a highly decoupled 
1/2+C431] Nilsson band. The Nilsson description suffers fo r other nuclides 
from the need for unreal ist ical ly large decoupling parameters required to 
f i t the data, and from the absence of any experimental evidence for the 
13/2+ or 15/2+ states that should l i e nearby. The part ic le hole description 
has the advantage of being in a basis that permits calculation of the 
observed mixing with the hole-core states which is part icular ly well known 
for the 5/2+ states. The relat ive posit ions of the 5/2+ and 7/2+ states are 
also seen to fol low the positions of the 5/2+ and 7/2+ single par t ic le 
states in the Z=51 antimony nuclides. Recent studies have also revealed 
additional states below 2 MeV that decay almost exclusively to the lower 
anamolous states, and whose positions can be described in the part icle-hole 
calculations. New data from the decay of Sn-111 to levels of I n - I l l are 
found to be consistent with the levels in adjacent nuclides. 
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Pairing Energies and Single Particle State Densities 
Studied by means of the Level Density Systematics. 

G. Rohr 
CEC-JRC, Central Bureau for Nuclear Measurements, 

B - 2440 Geel, Belgium 

A method to study residual interactions in nuclei is described. It is based 
on energy levels of excited nuclei observed at energies where the number of 
states is large enough to determine the level density and where the excitation 
energy is large compared to the depression of the groundstates caused by the 
pairing energy, the most important short range force. Both conditions are ful
filled for the neutron resonances observed at neutron separation energy. A 
level density systematics is performed based on the level density of compound 
resonances (newly evaluated*)). It is interpreted by comparison to calculated 
values of the level density of doorwaystates resulting from the first step of 
the compound process 2 ) . 
The deviation of the level density parameter 'a' from a linear dependence on 

the atomic number A indicates two types of structures. First there are the 
usual shell effects with "dips (20, 28, 50, 82, 126) and bumps (90)" at specific 
N and Z values, reflecting changes of the level density of single particle states 
at the Fermi surface energy. Second there are distinct steps rthree in total) 
of the level density parameter 'a' at certain A values which we interprets as 
evidence for a successively more important contribution from higher hierarchies 
of states in the compound nucleus formations-*). 

N=28 
N = 20 
Z=20 Z=28 

N=50 N=82 
Z=50 

N=126 
Z = 62 Z=90 

~*£? 
* odd-odd 
x even-odd 
o even-even 
. odd-even 

40 120 U0 
A 

160 180 200 220 240 260 

The Tines in between successive structures seen in the figure are defined by 
using odd-odd compound nuclei, where pairing corrections are minimised. Based 
on this interpretation of the level density systetnatics the pairing energy A and 
shell energy S are determined and possibilities of adjusting Nilsson single 
particle states are discussed. Using (A + S) together vith the liquid drop model 
a "semi-empirical binding energy formula" can be obtained. It is hoped with this 
and the level density systematics to provide insight into the effects of short 
range fcrces. 
1) G. Rohr, L. Maisano and R. Shelley - to be published. 
2) G. Rohr and R. Shelley, Int. Conf. on Neutron Physics and Nuclear Data for 

Reactors and other Applied Purposes, Harwell 1978, p. 478 
3) B. Block and H. Feshbach, Ann. Phys. Vol. 23 (1963) p. 47 
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IEVEL STRUCTURE OF 1 3 2 X e 
C Girit, W D Hamilton and E Michelakakis 

Physics Division 
University of Sussex 
Brighton BN1 9QH 

Sussex UK 

Recently Arima and Iachello1) have considered the even-even xenon iso
topes, Z = 54, to lie in the transitional region between the rotational and 
vibrational limits of their IBA model. Previously Habs et al 2) used the 
vibrational model of Gneuss and Greiner to describe them. In order to test 
the applicability of these different models we have studied the levels of 
I 3 2Xe populated following the 0-decay of 1 3 2 I . We have measured the directional 
distribution of Y-rays from the decay of oriented 1 3 2 I and also YY directional 
correlations of the dominant cascades. 

The nuclear orientation was made by implanting the parent 1 3 2 T e activity 
in an iron foil and cooling this to 15 mK. A high degree of orientation 
occured and the 0° anisotropy values exceeded 100% for several transitions 
while the good statistics give precise results with an error of typically "»3%. 
Directional correlation coefficients were determined for 48 of the observed 
transitions and the subsequent analysis provided consistent and unique spins 
assignments. From the dominant multipolarity of linking Y-ray transitions it 
was possible to determine the relative parities of levels. We have assigned 
unique spins to most levels up to 3 MeV and determined the multipole miving 
ratios of 28 Y-rays. 

The measurements failed to identify a 0 2
+ state which might be expected 

on a sample vibrational picture to lie at ^1.5 MeV. Neither was there any 
evidence for a 3~ state at ̂ 2 MeV which would be expected from systematic 
trends. It is possible that such states might not be seen in the present work 
as the B-decay of 1 3 2I(J n = 4 +) would not be expected to populate them directly, 
while feeding by Y-transitions from levels above ^2 MeV would not be very 
favourable either. 

We compared the energy levels predicted by the SU(5) and 0(6) limits with 
the experimental results and found both theoretical spectra to be equally 
good. Neither could calculated B(E2) ratios distinguish between the SU(5) and 
0(6) representations. The predictions of Habs et al were also equally success
ful and had the merit of excluding a 0 2

+ state which was present in both of the 
IBA predictions. Habs et al found that 1 3 2 X e is very soft in the 6-direction 
with a very small energy difference between prolate and delate shapes and no 
B-like band. 

1 A Arima and F Iachello Ann Phys 12J3 (1979) 468 
2 D Habs, H Klewe-Nebenius and K Wisshak Z Physik 267 (1979) 
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OPEP CONSTRAINTS ON THE DEUTERON HAVE FUNCTION* 

S. Klarsfeld J. Martorell and D.W.L. Sprung 
Division de Phys. Depto Fisica Teorica Physics Dept. 
Theorique Univ. Autonoma McMaster University 
I.P.N. - Orsay, France Madrid, Spain Hamilton, Canada 

It is a long standing problem to deduce the percentage D state of the 
deuteron from measured properties such as the quadrupole moment. He have 
recently made some progress in this endeavour by taking into account, in ad
dition, the rms radius. Let (u^,w^) and (U2,W2) be two solutions of the 
Schroedinger equation which behave asymptotically as a pure s-wave and a 
pure D wave. He suppose V(r) known for r>R and to have the OPEF form at 
large r. A general solution is then u = N(u]4flu2), w = "( Hl+n"2^ where the 
normalisation constant N is known (from the Ŝ-, effective range) and we 
suppose r). the asymptotic D:S ratio, to be a variable parameter. The 'in
ternal' parts of Q and <r2> are 

X(R,T1) = /SB" Q - I (uw - — ) r 2 dr Y(R,n) = 4< r> 2 _ | dr(u 2+w 2) 
R R 

moments 
(R - rR fR 

U = dr r u , V = dr rnuw , W = 

(a) 
R 

He define moments 
j n 2 dr r w 

which are unknown because we have not defined the potential for 0<r<R. 
However 

V 2 - W 2//8 = X U 2 + W 2 = Y . (b) 

Using Schwarz's inequality, we have 

U2W2 > X2 + XQ 2//2 + H 2/8 . (c) 

Fixing R - 2 fm and varying n, we find that (b) and (c) are compatible only 
i f Y 2 - 4X2 - /2XY > 0, and that th i s occurs only for .0260<n<0.292, (R = 2 
fm) or .0264<n >.0278 (R = 1.6 fm). By an extension of Klarsfeld's method1 

we find rigorous lower bounds for the percent D state pn > 3.5% (R = 2 fm) 
or 4.5% (R = 1.6 fm). The numerical values quoted assume a pure OPEP force 
for r>R. Using a variety of ' r e a l i s t i c ' phenomenological forces we find 
very l i t t l e deviation from the above values. He conclude that the more re
s tr i c t ive l imits for the case R = 1.6 fm may be adopted with confidence. 
There i s agreement with recent measurements of n = 0.263±.0O13 ) and 
.0259±.0007^) f but further improvement of these measurements could pose prob
lems for the nonrelat iv is t ic potent ial model we have employed. 

An additional assumption, which enters Into the determination of pn> i s 
that the ' internal ' part of Q, X of eq. (a) , i s posit ive. For large 
enough R this i s certainly true, but as R decreases i t may eventually f a i l . 
This provides a l imit on the poss ib i l i ty of obtaining larger 'model indepen
dent' lower bounds on p n . 

Work supported by Natural Sciences and Engineering Research Council of Canada 
1. S. Klarsfeld, Orsay report IPNO/TH 74-5 (1974) 
2 . H. E. Conzett e t . a l . Phys. Rev. Lett . 43 (1979) 572 
3 . H. Griiebler.V.Konig, P.A.Schmelzbach, B.Jenny, and F.Sperisen, preprint. 
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THE (p-n) IBA. MODEL IN H E 0C6) LIMIT AND 
THE SPECTRA OF 196,198,202^ 

I. Morrison^ '"* and H. H. Bolot±nb) 

(a) Institute of Advanced Studies, Australian National 
University, Canberra, ACT 2600 Australia. 

(b) School of Physics, University of Melbourne, 
Parkville, Victoria 30&2 Australia. 

The Interacting Boson Approximation (IBA) 1 is extended to 
include equivalent proton and neutron bosons and th° spectra of 
I96,198,202jjg gpg discussed in terms of the 0(6) group appropriate 
to this mass region. 

The totally symmetric irreducible representation [N3, as in the 
standard model, produces the ground state band and the "intruder" 
Majorana states, by having an excitation energy which increases with 
boson number N. 

Current experimental data in the Hg isotopes suggests the 
model is a useful extension, but ncre detailed E2 data is required 
to test,the model predictions - particularly in investigating 
F-spinz breaking in Pt,Hg. 

^Permanent address: School of Physics, University of Melbourne, 
Parkville, Victoria 3052, Australia. 

1. F. Iachello and A. Arima, Phys.Lett. 53B (197H) 309; 
A. Arima and F. Iachello, Phys. Rev. Ltjtt. j35_ (1975) 1069; 
A. Arima and F. Iachello, Fhys. Rev. Lett. 40 (1978) 385. 

2. A. Arima, T. Otsuka, F. Iachello and I. Talmi, 
Fhys. Lett. 66B (1977) 205. 
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EFFECT OF COULOMB INTERACTION ON NUCLEAR BINDING AND RADII 
M, A. Jadld, and H. A. Mavromatls 

Physics Department, American University, Beirut, Lebanon 
We have performed a careful calculation of the effect af 

the Coulomb interaction an the binding energies and radii af 
4Ha, 1 6 0 , and 40ca, using an oscillator(esc) basis. 

In particular we performed parallel calculations: 
(1) On the one hand using graphical techniques and incorp

orating the Coulomb(C) interaction en the same footing as the 
Nuclear(N) interaction. Thus with the Hamiltenian ^ 

- E° + V^ + Vp 1 -t- vL. + V| c + V| -f-.-
In this approach we have performed complete calculations 

(including all S6u>states) ta fourth arder in perturbation 
theory for 4He and 160 and ta secand arder far 40ca, by extend
ing the component graph techniques devalaped in a previous 
paper!), A technical complication which arises here is due to 
the fact that unlike the nuclear interaction which is an ise-
spin scalar the Coulomb interaction also has T • 1,2 components, 

(ii) In a complimentary approach we sat up energy matrices 
including all the T « 0,1 and 2 states that arise in a space 
incorporating excitations ta 2f.u> i.e. at most 2p-2h excitations 
(13 dimensional far *Ho, and 107 dimensional far 1 6 0 ) . 
This involves increasing the dimension by abaut a factar 2 
ever the T » 0 space ane needs with the nuclear interaction 
alane. With these energy matrices we perform energy and 
radius calculatlens te high arder, which us compare ta the 
results af approach (i) while alse diagenalizing and inverting 
these matrices(to get llnked-graph expansions in these restrict, 
ed spaces2)). 

In the table are listed same results far *°Ca, using the 
saturating Sussex Interaction. These results are bigger than 
thesg quoted in ref. 3. Ona notes that the relative Importance 
af SQQ which is censtant and V§c,is sensitive ta the size 
parameter b ane uses . 

4 0 C a r e s u l t s f o r t h e Bnerg y ( in MeV) 
b(fra) 1.5 1.6 1.7 1.8 1.9 2 . 0 

E° + V^ . &*» -141.65 -200.74 -228.15 -236.85 -223 .33 -220.60 

vi 131.B7 123.63 116.36 109.89 104.11 98.90 
vfUaiw) -78.97 -35 .27 -19.13 -14.25 -15 .78 -21 .90 
Vflc(2fci>) -14.39 - 7 . 7 0 -3 .24 0.52 3.48 6.26 
Vi6c(2fc0) -1 .90 - 1 . 9 0 -1 .90 - 1 . 9 0 - 1 . 9 0 -1 .90 

1. H. A. Mavromatis, Nucl. Phys. A257 (1976) 109 
2. H. A. Mavrematis and M. A. Jadid, Phys. Lett. 81B (1979)273 
3. S. Maszkowskl, Phys. Rev C2 (1970) 402 
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NUMBER-CONSERVING TREATMENT OF PAIRING CORRELATIONS IN ODD NUCLEI 

F. Andreozzi, A. Covello, and A. Porrino 

Istituto di Fisica Teorica dell"Universita 
and Istituto Nazionale di Fisica Nucleare, 

Napoli, Italy 

Very recently, an equations-of-motion method has been proposed by the 
present authors1) to treat pairing correlations in doubly-even nuclei with
out violating the particle-number conservation. In particular, a simple tech
nique has been developed to overcome the problem of the spurious states aris
ing from the use of an overcomplete set of basis vectors. Me present here a 
straightforward extension of the method of ref.') to the case of odd nuclei. 

The wave function for a system with an odd number (N+l) of identical 
particles is written^) as a linear combination of states obtained by adding 
a particle and a hole to the states (we consider states of individual level 
seniorities of zero) of the neighbouring N and (N+2) doubly-even nucleus, 
respectively, 

|N+l.pjm> = l cpjB(N+l)aJm|N,B> + I g p j a(N+l)a j m|N+2,a> . 

Making use of the equations of motion3) for a j m and ajjjj, one obtains a set 
of linear equations which determine the energies and spectroscopic factors 
for the (N+l) odd nucleus, once the solutions for the N and (N+Z)-particle 
systems are known. The elimination of the spurious states is carried out 
through a procedure similar to that described in ref.l). 

In table 1 we report the excitation energies of the seniority-one states 
for the Ni isotopes obtained from the first-order theory (i.e., by restrict
ing the core states |N,B> and |N+2,<x> to the ground states). They are con
siderably better than the BCS ones and in very good agreement with the exact 
values 4). This indicates that the present method provides an accurate treat
ment of states of seniority one. 

TABLE 1 
Excitation energies in the Ni isotopes(MeV). For the input data, see ref J ) 

3( 5 9Ni) 5(6lNi) 7( 6 3Ni) 9( 6 5Ni) ll(67Ni) 

3/2 0 0.16 0.48 0.71 1.36 
5/2 0.36 0 0 0 0.50 
1/2 1.07 0.63 0.43 0.03 0 
9/2 3.96 3.43 3.12 2.68 2.27 

1) F. Andreozzi, A. Covello and A. Porrino, Phys. Rev. C, in press 
2) E. Salusti, Nuovo Cim. 37 (1965) 199 
3) See, for instance, M. Jean, Nuovo Cim. 40 (1965) 1224; G. Do Dang and A. 

Klein, Phys. Rev. J43 (1966) 735 ~~ 
4) A.K. Kerman, R.D. Lawson and M.H. MacFarlane, Phys. Rev. 124 (1961) 162 
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THE 0 +,2 + STATES IN 1 1 2 C d * 

D. D. Warner,t R. F. Casten.t M. L. Stelts.t and K. Heyde** 

+ Brookhaven National Laboratory, Upton, NY 11973 
** Institute for Nuclear Physics, Proeftuinstraat 86, B-9000 Gent, Belgium 

Previous studies of the even mass Cd isotopes with A=110 to 114 have 
shown the existence of a quintuplet of levels at the two phonon quadrupole 
vibration energy. The two additional states, other than the expected triplet, 
have been attributed to the 0 + and 2+ members of a quasi-rotational band based 
on a proton four-hole, two particle 0 level.•*•' This interpretation is sup
ported by the results of (^He,n) studies which show large two proton transfer 
cross sections to the appropriate 0"*" levels in HO.lli&I^ and also by the ob
servation of strong intraband B(E2) values in the quasi-rotational band of 
U°Cd.l> 

Recent calculations by Heyde et al. 
for even Cd and Sn nuclei have shown that 
inclusion of proton 2p-2h configurations 
coupled to the vibrational excitations, as 
well as the pure quadrupole vibrational ex
citations themselves, can generate a second 
AJ=2 rotational-like band structure. Indeed 
within this framework the levels and B(E2) 
branching ratios up to, and including, the 
two phonon quintuplet are very well describ
ed. It is clearly of interest to know what 
fraction of the low lying levels in these 
nuclei can be accounted for within this 
basis, so that the importance of other de
grees of freedom can be estimated. An in
vestigation of levels in H^Cd has there
fore been undertaken, using 2 keV average 
resonance neutron capture at the filter 
beam facility at Brookhaven National Labor
atory. The process of averaging over many 
resonances greatly reduces the dis
tribution in primary intensities, so 
that intensities (reduced by an E5 
energy dependence) to levels in 
U 2 C d with J*- 0+ and 2+ will fall 
within a narrow band, and hence all 
0 and 2 + levels can be identified 
up to the excitation energy corres
ponding to the sensitivity limit of 
the measurements. 

The results are given in Table 1, and can be compared with the proton 
2p-2h calculations in Table 2. It can be seen that although the quintuplet 
of states at the two phonon energy is well reproduced, above the pairing gap 
far more 0 and 2 levels appear than can be accounted for within the frame
work of this description. Further degrees of freedom are clearly necessary 
to describe the complete set of states, and it is also evident that care must 
be taken in associating specific higher lying 0+,2 + states in these nuclei 
with the 2p-2h band structures. 

E I / E 5 f 
X T T 

0.0 1.00(6) 0+.2+ 
616.8 1.35(8) ££<*> 1223.6(4) 0.62(6) ££<*> 

1311.8(3) 0.99(8) 0+.2+ 
1432.8(3) 0.96(9) 0+.2+ 
1467.8(3) 1.07(10) 0+.Z+ 
1870.9(4) 0.83(10) 0+.2+ 
2121.1(7) 0.94(21) 0+2+ 
1155.3(4) 1.05(13) °1K 2230.7(4) 1.13(14) 0+.2+ 
2299.8(4) 1.26(14) 0+.2+.U+) 
2506.2(3) 4.58(27) oM X 2648.5(7) 1.02(ft) 0+.2+ 
2668.3(4) 3.48(29) 0- .1 ,2 
2722.7(6) 1.16(25) 0+.2+ 
2765.1(5) 1.47(24) 0 + . 2 + , l + 

2827.8(4) 3.33(39) 0~.l ,2 
2832.1(7) 1.63(35) °!- 2t- at> 2852.2(5) 1.41(23) 0+2+ ( i t ) 
2929.9(5) 1.49(26) 0+.2+.U+) 

Excitation energies and 
spins from primary Y-rays 
observed In 2 keV capture. 

J* Quadrupole Vibrational Quasi Rotational 

0 + 

2* 
4* 

0 .0 , 1.391, 1.850 
0.5B2, 1.166, 1.870 
1.191, 1.877, 2.969 

1.034, 2.709 
1.379, 2.292 
1.749, 2.660 

Results of 2p-2h calculation. The division 
of levels into two types is based on the 
dominant components in the wave Functions 
of each. 

* Research supported by the U.S 
1. R. A. Meyer and L. Peker, Z 
2. K. Heyde et a l . 

DOE under Contract DE-AC02-76CH00016. 
Physik, A283 (1977) 379. 

to be published In Phys. Letts . 
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A NON-LINEAR EXTENSION OF THE QUASIPARTICLE RANDOM-PHASE APPROXIMATION 

Kenjiro Takada 
Department of Physics, Kyushu University 33, Fukuoka, Japan 

For a long while, the quasiparticle random-phase approximation (QRPA) has 
been applied to the collective states in the spherical (or vibrational) nuclei. 
However this approximation cannot be applied to the so-called transitional 
nuclei, because the solution of the equation of motion under the RPA is rather 
unstable and often imaginary in the transitional region; the usual QRPA is not 
suitable for the collective motion in such a finite system as nucleus in which 
a gradual phase transition occurs. In the transitional nuclei, the strength 
of the correlation inducing the collective motion is so large that it seems 
quite important to take into account the non-linear effect ignored in the 
usual QRPA. A method to take it into account has been proposed by Sawada.1' 
Now let Xt be the phonon mode, for which the equation of motion is 

[ H. XI ] = _x_+ - z. (1) "n J ™n"n "n 
where H is the total Hamiltonian and ui n the energy eigenvalue of the mode and 
Z n denotes the higher order term. In the usual RPA, we l inearize Eq.( l ) i g 
noring Z n . The eigenmodes obtained from th is equation are not exact but ap
proximate. Therefore i f one can make the ef fect of Z n as small as possible by 
including effect ively some part of Z n into X„, one w i l l have better eigenmodes 
than those in the usual RPA. The philosophy by Sawada1) is to carry out th is 
by introducing a kind of renormalization of s ingle-part ic le energy. 

To investigate the va l i d i t y of the approximation of Sawada's method, we 
f i r s t applied i t to a two-level model with T=l pair ing force ( F i g . l ) . In com
parison to the exact solution2) the present method gives a big improvement of 
the usual RPA and then i t seems very promising 
for description of gradual phase t rans i t ion. 

We generalized Sawada's method for the 
case of the QRPA; we introduced renormaliza- = 
t ions not only of the single-quasiparticle c 
energies but also of the coeff icients of the : 
Bogjliubov transformation. We applied th is L 

method to s ingle- j model with P+QQ force (Fig. 
2 ) . Our conclusions are: 
(1) The present method has considerable 
va l i d i t y in the spherical and the 

OURS 
EXACT 
RPA 

2.0 
t ransi t ional regions 
(2) In our method there appears 
no sudden phase t rans i t ion . 
Therefore i t is promising to be 
applicable to the co l lec t ive mo
t i on in the t ransi t ional nuclei . 
(3) Both the renormalizations of g i . o | -
the single-quasiparticle energy 
and the coefficients of the 
Bogoliubov transformation are 
considerably large. Consequently, 
the renormalized ef fect ive inter
actions are rather d i f fe rent from 
the original ones. 

1.0 
FORCE STRENGTH 

Fig. 1 

2.0 

8.0 

— OURS 
— RPA 

i _ i _ 
1. 

1) 
2) 

0 2.0 3.0 
Q-Q FORCE STRENGTH 

Fig. 2 
Sawada, Phys. Rev. JJL9 (I960) 2090. 
G. Dussel, E. M. Maqueda and R.P.J. Perazzo, Nucl. Phys. A153(1970)469. 
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COUPLING BETWEEN PAIRING AND QUADRUPOLE DEGREES OF FREEDOM IN * JNb 

S. Tazaki, K. Takada, F. Sakata and K. Kaneko 
Department of Applied Physics, Fukuoka University, Fukuoka, Japan 

* Department of Physics, Kyushu University 33, Fukuoka, Japan 
••Institute for Nuclear Study, University of Tokyo, Tanashi-shi, Japan 

It has been shown that the couplings between pairing vibrational modes 
and quadrupole correlation modes plays so important role in some even-even 
nuclei that the two-phonon 0+state and the pairing vibrational state couple 
with each other and the energy of the first excited 0 + state drops down.l) 
This leads us to the idea that the coupling effect must be large not only in 
even-even nuclei but also in adjacent odd-mass nuclei. One of the tyDical 
example is shown in Ref. 2 ) for the case of odd-mass Sn isotopes. Unfortu
nately, we did not have enough experimental data of these isotopes. Recent 
experimental study3) on 9 3 N D has shown that there are two excited 9/2+ states 
pround the excitation energy corresponding to the one-phonon 2+state of the 
adjacent even-even nucleus (9 zZr). On the analogy of Ref. 2), one of them is 
supposed to be a member of the quintet made of the product states |Yt> = 
P|X+®a1'>, where X + denotes the 2 +phononmode and a+ the one-quasiparticle 
mode (lgi)/2)- The other is a strongly mixed state consisting of |a +r +> and 
[Z1'>, where r+ denotes the pairing vibrational modeand Z + is the five-quasi-
particle mode |Z+> = P|X +®X +®a +>. TUF- symbol P projets to the highest seni
ority state. 

Theoretical study on the low-lying positive parity states in this nucleus 
was done as follows; we first determined the modes, a+, r+ and X +, and their 
energy eigenvalues using P+QQ force model. With these modes we got energies 
of the states, |a+r+>, |Y+>, |Y+r+> and |Z+>, which are shown in Column A in 
the figure. To calculate the coupling effect among these basis states, we 
diagonalized the total Hamilton!an of P+QQ force model within the space 
{ |a+>, |a +r +>, |Y+>, |Y+r+>, |Z+> }. The results are shown in Column B, 
which are compared with experimental data. 

Column A in the figure shows that 
there are no candidates which can be iden
tified with the closely-lying two 9/2+ 
states in the experiment. In Column B, 
however, there appears closely-lying two 
9/2 states near experiment. The main 
component of the lower state is |Y+> (88%) 
with small mixing of la+> and that of the 
higher one is la^r^ (74%) with consider
able mixing of |Z+>. This shows that it 
is indispensable to take into account the 
coupling between |a+rt'> and |Z+> for the 
explanation of the appearance of the two 
9/2+ states. 

It can be said that our method of 
calculation is very useful for analyses 
of low-lying collective states in medium-
mass nuclei. Investigations of electro
magnetic properties of 9^Nb and other 
nuclei are now in progress. 
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COLLECTIVE SUBSPACE AND HAMILTON EQUATION WITH CONSTRAINTS 
Atsushi KUriyama 

Department of Physics, Kyushu University 33, Fukuoka 812, Japan 
The time dependent Hartree-Fock method (TDHF) has been successfully applied to the description of the large amplitude collective motions. TDHF provides much information on how to determine the collective subspace and the classical equation of motion for the collective fields. However, this does not involve the prescription of how to quantize the collective fields. On the other hand, the boson expansion method (BE) 1n the C-number representation has been shown to be equivalent to the full TDHF, where the necessary and sufficient set of parameters is introduced to specify the time-dependent Slater determinant. Further, BE provides the prescription of the quantization. Hence it is interesting to develop a method to determine the collective subspace in the framework of BE in the C-number representation. 
He show that we can express the collective subspace as the set of points in the phase space which satisfy certain constraints. He expand the Hamiitonian obtained with the use of BE in the C-number representation around an arbitrary point (5>P): 
H(q,p) = H(W) + {»qHf(q-«)«pH|(Hl)} + 2{y q.H| MMq'-S") 

+ 2Vp H l ( ( ' -^ ( p-p ) + Vp , H l { p "P ) ( * ' , " g ' ) } + " - ' 
o 

where the symbol | means that the derivatives are taken at the point (<j,p). When we approximate the local behavior of H by the second order expansion, .i.e., by the superposition of the plane and the quadric corresponding respectively to the first and second terms in the above expansion, the above expression can be given in the standard form 
H(q,p) = H{q\0) + (»QH|q + » PH| P ) + 2^1 ( P i + *W 

o 
where we consider the case of the positive semi-definite matrix (Vp'n'Hl) for simplicity of notations. Then we specify the collective subspace as the set of points, at which the principal axes {{Q£,Pt);k=l,2, ..n) are involved in the plane and the axes {(Q^,P^);i=l,2, ..ml with some smallest u? are not involved: 

3H/3Q£ = 3H/3P£ = 0 , k=l,2,....n. 
Here we must notice that the principal directions (Q',P') are defined at each point in the phase space. Under these conditions, the degrees of freedom of the system are reduced from (m +n) to m and these m degrees of freedom are considered as collective. 

Then the equation of motion can be expressed as the Hamilton equation with constraints which can be formally equivalent to the canonical equation without constraints when we use the Oirac bracket in place of the Poisson bracket. 
Further we can quantize such constrained Hamilton equation with the use of the Dirac bracket and also the path integral method, which are popular in the modern treatment of guage theory. 

1. A. Kuriyama, to be published. 
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APPLICATION OF DOUBLE GEL'FAND POLYNOMIALS 
TO NORMALIZATION KERNELS OF CLUSTER SYSTEMS 

t * 
Y. Fujiwara and H. Horiuchi 

Research Institute for Fundamental Physics, 
Kyoto University, Kyoto 606 

* Department of Physics, Kyoto University, Kyoto 606 

In nuclear many-body problems products of harmonic oscillator (h.o.) 
wave functions are often adopted as orthonormal basis wave functions. Their 
algebraically simple treatment is based on the following coupling scheme 
in the irreducible representation (IR) of the SU3 group;1) 

'"•'""(H, 0) (^'°(N 2 0) t^ , 1(aT) D(N 3 0) (^ ) ](0'T-) 

-• U(N n0>< ) ]Uu)KJ 0 > ' 
where U ( N 0 ) (a ) is a boson monomial which generates a h.o. wave function 
with total quanta N. The boson polynomials in such vector-coupling scheme 
are an expression of SD^xSU,, double Gel'fand (DG) polynomials where the 
coupling scheme is specified by a Gel"fand pattern of the SU n algebra 
associated with the Moshinsky operators. 1), 2). By considering the DG poly
nomials in the complex generator coordinate space, the vector coupling 
expressions of the DG polynomials, in combination with other remarkable 
properties, give us many fruitful applications to the multiplicity-free 
problems of the SU2 and SU3 algebras and others.2) 

We applied the theory of the DG polynomials to the eigen-value prob
lems of the normalization kernels of cluster systems. The normalization 
kernel is SU3 invariant due to the SU3 scalar property of the antisymmetri-
zation operator when the cluster wave functions are described by the SU3 
shell model wave functions with a common h.o. constant, since the eigen
values are independent from the internal quantum numbers of the SU3 IR, 
we can only consider the SU3 projection instead of the angular momentum 
projection.3) By assigning a complex conjugate vector for the descrip
tion of the 1 2 C cluster with the SU3 label (0,4), we could write the eigen
values of l 2C+a system in an analytical form.11) More complicated cluster 
systems as 1 2 C + 1 Z C and 1 2C+2a were also solved by using the 9-(Ay) or 
6-(\\i) SU3 coefficients, the explicit expressions of which can be derived 
based on the theory of the DG polynomials. The straightforward application 
of the SU3XSU3 DG polynomials was done in a four-alpha system. We can 
also investigate 2 DNe+ BBe, 2 l ,Mg+a and other systems, where 2 0 N e , aBe and 
2 < ,Mg are specified by SU3 (8,0), (4,0) and (8,4), respectively. The SU 3 

coherent state of 2l*Mg is easily constructed by the use of the SU3><sn2 DG 
polynomials. 

+ Present address: Cyclotron Laboratory, Department of Physics, 
The University of Manitoba, Winnipeg R3T 2N2, Canada 

1. M. Moshinsky and E. Chacon, in Spectroscopic and Group Theoretical 
Method in Physics, eds. F. Bloch et al. (Morth-Holland, Amsterdam, 
1968) p.99 

2. Y. Fujiwara and H. Horiuchi, RIFP preprint (1980) 
3. K.T. Hecht and W. Zahn, Nucl. Phys. A313 (1979) 77 
4. Y. Fujiwara and H. Horiuchi, Prog. Theor. Phys. 63_ (1980) 895 
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SPECTROSCOPIC EVIDENCE FOR THE UNUSUAL CORIOLIS 
STRENGTHS IN ' " ' " " " ' H o NUCLEI+ 

E. Hammaren and D.G. Burke 

Tandem Accelerator Laboratory 
McMaster University 

Hamilton, Ontario, Canada L8S 4K1 

Stringent tests for quasi-part icle-plus-rotor models of nuclei are 
offered in cases where (Nilsson) orb i ta ls from similar shells give rise to 
low-lying par t ic le and hole exci tat ions. In the holmium Isotopes such a 
si tuat ion exists for rotational members of the 3/2 [411] proton-hole state 
and the l /Z + [411] and 5/2 +[402] par t ic le states. In order to explain the 
perturbed energy spacings of the 3/2 +[411] bands in 1 6 l ' 1 6 3 H o Funke et a lD 
needed Coriol is mixing strengths which were about twice as large as the 
attenuated.values typical in th is region. Recent single-nucleon-transfer 
studies2-4) a i S o indicate unusually strong coupling. In part icular there 
are anomalously large transfers of strength for the 3 /2 + and 5/2 + members 
of the above bands. 

This work examines these mixing phenomena in the framewo.'k of the 
Nilsson model with pairing and ef fect ive Coriolis strengths included. Cal
culations were performed both with the Coriolis matrix elements attenuated 
by a factor of a = 0.75 (typical i n th is region) and with ef fect ive strengths 
chosen to best f i t the energy spacings of the bands. Comparisons of the 
observed and calculated nuclear structure factors of the I * = 5/2 + members 
are shown in the f igure. The c i rc les are experimental values and the dashed 
l ines are theoretical values „™™..„ ™„„..D 

with no mixing included. The zo S T B I P P , N G « " 
values calculated with a = 0.75 
(dotted l ines) are in poorer 
agreement with experiment than 
those obtained with the larger 
ef fect ive strengths chosen to £ 
f i t the energy spacings (sol id C 
l ines) . 2 

Moderate changes of the m 

deformations and Nilsson para- p 
meters can not produce 5 
Coriol is strengths as large as 2 
the ef fect ive values used E 
here, and s t i l l larger values tt 

would be needed for better S 
agreement wi th the observed 3 
strengths. These discrepan- i 
cies may indicate a need for 
a more ref ined handling of the 
pair ing and/or col lective 
parts of the Hamiltonian. 
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L. Funke et al, Nucl. Phys. A190 (1972) 576. 
J.D. Panar et al, Can. J. Phys. 53 (1977) 1657. 
D.G. Burke et al: 1 6 2 ' 1 6 " E r ( t , a ) 1 6 1 ' l 6 3 H o study, to be published. 
E. Hammaren et al: 1 6 2 ' 1 G 1 , E K p , a ) I 5 9 , 1 6 1 H o study, to be published. 
Work supported by NSERC of Canada. 
Permanent address: Department of Physics, University of Jyvaskyla, Finland. 

776 



THE STUDY OP THE CITJSTER FEATURES OP 5$A<8 HUCIEI 
BY TJSIHG THE TWO-PARAMETER COORDINATE METHOD 

Han Wen-shu Lu Zhao-qi Zhuang Fei Zheng Yu-ming 

Institute of Atomic Energy 
Aoademla Sinica, Beijing, China 

An unified method la presented to investigate nuclear struc
ture and composite-particle scattering by using the two-parame
ters (S—the distance between the centres of wells and V —the os
cillator width parameter) generator coordinate method. Vith this 
method the nuclear cluster wave function, the energy spectra, the 
reduced transition probabities B(EL), the rras radii J<r*> for 
5He, ' * 11, 'Ti nuclei and the momentum distributions of the 

fi 7 nuclear clusters for ' 11 nuclei and cL-cf. elastic scattering 
phase shift are calculated. The results are in good agreement 
with the experimental values. Especially, the band of second 0 + 

cluster structure for Tie nuclei, the resonance structure of of-a 
elastic scattering phase shift and the enhancements of FVHM of the 
momentum distributions with increase of incident energy are ex
plained (see Figs.1-3). Finally we 
have discussed the Paul! spurious-
state components of the obtained 
cluster structure wave functions. 
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NUCLEAR VIBRATIONS WITH A ZERO RANGE INTERACTION 
Afsar Abbas and Larry Zamick 

Physics Department, Rutgers University 
Piscataway, N. J. 08854 

We use the interaction -G(1 + xP )S(ri - r2> to study 
nuclear vibrations. The parameter G is chosen by a self 
consistency condition. Results are compared with zero-range 
Skyrme interactions for the dipole, quadrupole and octupole 
modes. 

We find that if a degenerate single particle spectrum is 
used, then after diagonal!zation several states do not move 
from the unperturbed positions. An expression was derived for 
the number of such states. 

For the four different S,T particle-hole channels, the 
strength of the interaction is given by the factor (l-46s#0

6T,o 
+ 2 x Ss.o - 2 x «T,o>-

If G is chosen so that the mean energy of the single 
particle-single hole splitting for the multipole operator r LY L is 
equal to 2hu for the isoscalar quadrupole state, then the mean 
energy of the 2+ vibrations comes reasonably close to /2hu. 
However a corresponding condition for the octupole state leads 
to a collapse or near collapse of the lowest 3" state. 

The above situation is somewhat improved if the mean is 
not taken for operator r 3Y 3 but rather for the lowest 3~ 
collective state.++ 

The isoscalar E2 effective charge correction obtained with 
a self consistent strength G varies from about 0.5 for A=5 to 
one as A approaches infinity. 

We note the appearance in some cases and the absence in 
others of pigmy resonances. With a delta interaction the 
collective strength is much more fragmented, than with a zero 
range Skyrme interaction. 
''"Supported by the National Science Foundation. 
ttQeorge Bertsch, private communication. 
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ON THE RELATIONSHIP BETWEEN THE BOHR COLLECTIVE HAMILTONIAN 
AND THE INTERACTING BOSON MODEL* 

J. N. Ginocchio and M. W. Kirson 

Theoretical Division, Los Alamos Scientific Laboratory 
University of California, Los Alamos, New Mexico 87545 

The interacting boson model (IBM) has been dramatically successful in 
providing a phenomenological description of spectroscopic data over a wide 
range of nuclei demonstrating collective features1). However, the connection 
between the fitted parameters of the IBM and the geometrical description has 
not been clarified, and this has detracted from the intuitive appeal of the 
IBM, We propose an intrinsic state?) for a system with N bosons outside a 
closed shell state |0 ) , 

|N ; B , Y > = ls + + BCcos Y 4 + i sin Y(d^ + d^)] H|0 ) (1) 

where s and dp are creation operators for spin 0 and 2 bosons and u is the 
magnetic projection quantum number. With this intrinsic state we can derive 
a differential Hamiltonlan H in terms of the shape variables B, Y and the 
Euler angles of rotation from any boson Hamiltonian H^), This H will separate 
into rotational part and an intrinsic part. For 8, Y small the Hamiltonian 
H reduces to the harmonic Bohr Hamiltonian. However, in general, there are 
important anharmonic terms including coupling between the 8 and Y degrees of 
freedom. For a boson Hamiltonian with single boson energy e and with quadru-
pole interactions with strength K where the quadrupcle operator Is 

Qu - °X + d V +i?x Cd+d)j; , (2) 
the moments of inertia are 

2h 2B 2sin 2(Y-k ^ ) 
Tk ¥ 1 ( 3 ) 

k K[1+XB cos(Y-k *fr 
which depend on the shape variables and the boson Hamiltonian. The equilib
rium values of B and Y will depend on the parameters of the boson Hamiltonian. 
For K=0 the equilibrium value of 6 is 6g=0 and Y undetermined which corres
ponds to a spherical vibrator. For the S0 6 limit1) (e=)p=0), 8 0=l and Y IS 
undetermined which corresponds to a Y-unstable rotor. For the SU3 limit1) 
(E=0, X = - 1 / / 2 ) , Btf=J2 and Yo="» corresponding to an axial rotor. 

+Work supported by the U. S. Department of Energy. 
""•"On leave from the Weizmann Institute of Science, Rehovot, Israel. 
1. F. Iachello, ed., Interacting Bosons in Nuclear Physics (Plenum Press, NY, 

1979). 
2. J. N. Ginocchio and M. W. Kirson, Proceedings of the International Confer

ence on Band Structure and Nuclear Dynamics, Alan Goodman, ed. (American 
Institute of Physics, New York, 1980). 

3. J. N. Ginocchio and M. W. Kirson, submitted to Physical Review Letters 
(1980). 
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LIFETIMES OF STATES IN 196.198^. APPLICATION OF INTERACTING BOSON 
APPROXIMATION MODEL TO DETATT.ro SYSTEMATICS OF THE EVEN Ft ISOTOPES* 

H.H.Bolotina), D.L.Kennedya) ** I.M3rrisonb)'** S.H.Siec)and A.E.Stuohberya) 

(a) School of Physics, University of Melbourne 
Parkville, Victoria 3052 Australia 

(b) Institute of Advanced Studies, Australian 
National University, Canberra, ACT 2600 Australia 

(c) Department of Nuclear Physics, Australian 
National University, Canberra, ACT 2600 Australia 

The even Pt nuclides are of considerable interest as they are 
positioned critically within the transitional Os-Hg group. The nuclear 
structure characteristics of these transitional nuclides have been reported 
to evidence1) the tendency of progression from a near axially symmetric 
rotor behaviour to a near quadrupole deformed rotor description correspond
ing, respectively, to the near-SU(3) and near-0(6) subgroup limiting 
symmetries generated within the Interacting Boson Approximation (IBA) 2' 3^ 
group-theoretic model approach. 

As the exposition of the low-lying level characteristics of I96,i98pj. 
are of particular import in this regard, we have made detailed studies of 
these two isotopes both experimentally and theoretically, and have further 
extended the theoretical treatment within the IBA framework to examine the 
detailed structure systematics displayed by the even Pt nuclides in the 
nuclide sequence 1 9 0 - l 9 BPt. 

The mean lives of the low-lying excited states in 196 5 1 9 8 ^ U p to g^ 
including the 6* levels were experimentally measured using the recoil-dist
ance method (RDM). These states were populated via multiple-Coulomb 
excitation employing 220-MeV 5 8Ni ion beams provided by the Australian 
National University 11UD Pelletron tandem accelerator and the measurements 
were carried out in coincidence with backscattered projectiles. The measured 
mean lives of the states, the branching ratios of their de-excitation trans
itions, and the inferred B(E2) values for these transitions between levels 
were determined. 

These specific findings, and the observed structure systematics ob
tained from the combination of the present results with those of prior 
workers for the lighter even Pt isotopes ( 1 9 0 - 1 9 8 P t ) , are critically 
compared with our calculations employing the IBA model as a basis; good 
concurrence is found. Comparisons are also made with alternative model 
prescriptions and fits, including that of the Boson Expansion Model"0. 
+Wbrk supported in part by grants from Australian Research Grants Committee 
* Permanent address:ICI Laboratory, Ascot Vale, Victoria, Australia 
** Permanent address: School of Physics, University of MR?bourne 

Parkville, Victoria 3052 Australia 
1. J.A.Cizewski, R.F.Casten, G.J.Smith, M.L.Stelts, W.R.Kane, H.G.B6rner and 

W.F.Davidson, Phys.Rev.Lett. 40_ (1978)167; R.F.Casten and J.A.Cizewski, 
Phys. Lett. 79B_ (1978) 5. 

2. F.Iachello and A.Arima, Phys.Lett. 53B (1974)309; A.Arima and F.Iachello, 
Ann.Fhys. 9£ (1975) 1069. 

3. A.Arima and F.Iachello, Phys.Rev.Lett. 40_ (1978) 385. 
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MICROSCOPIC THEORY OF THE INTERACTION B030N MODEL 
VIA THE 3CHWINGER BOSON REPRESENTATION 

L. M.Yang 

Dept. of Physics, Peking University 
Peking, CHINA 

The IBM introduced phenomenologically has been highly success
ful, but its microscopic foundation remained to be explored. The 
s- and d-boson each carrying a nucleon quantun number n=2 are not 
just superpositions of particle-particle pairs, but accompanied 
by particle-hole pa^rs. 

The SU(6) trancated quandrupole-phonon model of Janssen, Jolos 
and Donau(l) is successful in constructing a collective Hamil-
tonian, in terms of SU(6) generator, but their basic operators in 
terms of ,qua8i-particles do not carry a definite nucleon 
quantum number. It is shown here that basic operators X + , X 3 with definite nucleon quantum number n=2 and n=^2 can be. cons
tructed, which togather with their commutators ,£Xs • X+_/f°™'the 
generators of a closed algebra. 

rxr.xj]- v $ ( * ' x r ^ i < ^ 
ai , a„ are the fermion creation and annihilation operators, x-i 
are superposition coefficients, rgn,J,M , n being further quantum 
number needed to specify the paired state. 

xJ,'s satisfy the following orthogonality relations, 

Under the assumption that only J=2_collec£ive states are retained, 
the basic operators Xt̂ . , X2»and /X2v X^/ form the generators of 
SU(6) algebra and can be mapped into boson representation of the 
Holstein-Primakoff type i.e. X^and X2>are mapped respectively 
into BJu. «/N-N , and /N-N B,y where N=|BjrB2«- and N is the maxima number of bosons contained in a given nucleus. The appearence of 
square root in the H.P. representation which leads to infinite 
boson expansion can be removed if one enlarges the boson space by 
introducing an extra monopole boson A, such that the total no. of 
bosons euqal the no", of quadrupole bosons plus the no. of monopole 
bosons. The matrix elements in the H.P. boson space and in the 
enlarged boson apace must be equal. This leads naturally to the 
Schwinger boson-representation, which is a finite boson represen
tation and in which the hermitian property of the operators 
mapped 1B preserved. 

in this way starting from a nuclear Hamiltonian in the fermion 
space, a collective Hamiltonian of the IBM type oan be constructed 
under the above assumptions, with all parameters expressed in 
terms of single particle energies and effective nucleon-nucleon 
interactions. 
(1) D. Janssen, R.V. Jolos and F. Donau, Nucl. Pays. A224 U974)9i 
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Linear Response RPA Calculations for Open-Shell Nuclei 

J. Bar-Touv and A. Moalem 

Department of Physics, Ben-Gurion University, Beer-Sheva, Israel 

We present herein a procedure which enables the application of Linear 
Response RPA method to open-shell nuclei. An essential feature of this 
procedure1) is the introduction of occupation parameters 6 «. in the early 
stage of determining the HF siigle-particle basis and subsequently in 
calculating the RPA unperturbed Green function of the linear response 
method.2) Unlike other models which are capable to treat open-shell nuclei 
the present procedure accounts for the entire spectrum of the HF single-
particle hamiltonian. The model has been used to calculate the character
istics of collective states in the Ca isotopes, 1 2 C , 1 B 0 and 1 8 0 . Our main 
findings for the isotopic dependence of multipole giant resonances [GMR) of 
Ca isotopes are as follows: (1) Smooth variation with the mass. [2) More 
structured resonances due to opening the f7/a shell. [3) Energy centroid do 
not follow the simple A" 1' 3 rules. Comparison of calculated GMR in open-shell 
12C(8ClsjJ = 1, 8(lp 3 / 2) = 0.804, eClpij) = 0.392) 3) with those of a closed 
shell 1 2 C shows: CI) A shift of transition strength towards higher energies 
accompanied by broadening of the GMR. (2) Enhanced collectivity reflected in 
a significant increase of the energy weighted sum rule. [3) A new structure 
on the tail of the isovector giant resonance in complete agreement with 
experiment. Similar results were obtained for 1 6 0 and ! 8 0 . In particular our 
results account for the so-called pigmy resonances in 1 8 0 . 

References 
1. J. Bar-Touv, A. Moalem and S. Shlomo, in press in Nuc. Phys. A; 

A. Moalem and J. Bar-Touv, submitted for publication in Phys. Rev. Lett. 
2. G. Bertsch and S.F. Tsai, Phys. Reports 18C_ [1975) 125. 
3. D.J. Rowe and S.S.M. Wong, Nucl. Phys. A153 [1970) 561. 
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ON AN APPROXIMATION TO DYSON'S FINITE BOSON EXPANSION 
FOR TEE NUCLEAR MANY-BODY PROBLEM 

T.S.Yang 
Peking Un ive r s i t y 

& 
H.J.Mang 

Technical Univers i ty of Munich 

I t i s shown t h a t Dyson's f i n i t e boson expansion ' in second 
2) 

order is not equivalent to the Jancovici-Schiff approximation '• 
The equation with R? is used as starting point in our boson 
description. Here B, is the hermitian conjugate of the trans
cribed Hamiltonian in Dyson's finite boson approximation. It 
is then transformed into an equation of the RPA type with a 
reduced H -term(We will call it DRPA). The boson wave-func
tions in boson space are eventually transformed back into the 
Fermion space by a Jancovici-Schiff substitution. The energies 
can be improved considerably by taking the expectation value 
of H with the approximate wave-functions thus obtained. 

Some of the exact solutions of a simple soluble model, are 
compared with the RPA and the present approximation. It is 
shown that the present approximation is better than the RPA. 
1) D. Janssea et al., Nucl. Phys. A!72 (1971) 145 
2) B. Jancovi and D. H. Schiff, Nucl. Phys. 58 (64) 678 
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THE DYSON BOSOM REPRESENTATION AND THE INTERACTING 
BOSON MODEL 

T.S.Yang & L.M.Yang 
Dept . of Physics , Be i j i ng Univers i ty 

The nuclear Hamiltonian H i s f i r s t transformed in to the Dyson 
boson r e p r e s e n t a t i o n HD by means of the r e l a t i o n : 0 

where (J.rJ„ a re the fermion c rea t ion and a n n i h i l a t i o n o p e r a t o r s . 
and b»„ 'b^ v the Dyson idea l boson c r e a t i o n and a n n i h i l a t i o n 
o p e r a t o r s . Let H^O) be the par t of HBwhich i s quadra t ic in b ,̂„ 
b^^ . When t h i s i s d iagonal ized , one g e t s the phonon c r e a t i o n 
opera to rs Q j J M def ined in terms of t h e coupled idea l Bosons 

A * 
where b and Q a r e the time reverses of b and Q, (*/>) i nd i ca t e s 

an ordered p a i r of ind ices •**/! . Xr^w(rJ) i s the t ransforma
t i o n coe f f i c i en t which bring H£ ' in to diagonal form. 

H|! '=const. + 2, Q * T M QrrM *"Vx 

where r includes both collective' aa well as non-collective 
states. Using the reverse transformation 

one can express HBin terms of the phonon operator Q̂ j»* When only the most collective J=0 & J=2 states are retained, one gets a 
hamiltonian hp of the IBM type, iij which the parameters are de
termined from the single particle energies and the effective 
nucleon-nucleon interactions. 

The eigen-functions of hBin boson space can be trasfonned back into wave functions in fermion space. Let £ (sf,d*) be the 

same eigenvalue E 

Here U i s Usui t ransformat ion o p e r a t o r a J 

U= <0|exp(^2 vbXf^)jO) 

1) D. Janssen e t a l . , Nucl. Phys. A172 (1971) 145 
2) T. Usui , Prog. Theo. Phys. £2 (60) 787 
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THE NUCLEAR FIELD THEORY AND BOSON STATES IN NUCLEI+ 

Cheng-Li Wu* and Da ftsuan Feng 
Department of Physics and Atmospheric Science 
Drexel University, Philadelphia, Pa. 19104 USA 
and The Niels Bohr Institutet, K^benhavns Universitet 

DK-2100, Copenhagen 0, Denmark 

The nuclear field theory(NFT) which was first proposed by 
Mottleson 1) provides a theoretical scheme to describe nuclei 
with both fermion and boson degrees of freedom. Early works con
sidered only the lowest order NFT diagrams (LNFT) since it is ex
tremely difficult to sum up infinite order NFT diagrams. Of 
course, it is very difficult to check the importance of the high 
order diagrams. Besides, within the framework of the LNFT, one 
cannot obtain the NFT wavefunctions and correctly pick out the 
non-spurious states. From this point of view, it is rather dif
ficult to present convincing arguements that the NFT is an exact 
fermion theory especially when there seems to be too many degrees 
of freedom that could violate the Pauli Principle. 

In this work, we develop the NFT from two point of views. 
They are: 

(a) an exact summing method for the NFT diagrams; 
(b) a method to obtain the NFT wavefunctions. 
This theory is first examined by comparing it with the shell 

model results of four nucleons moving in a single j shell. It 
turns out that all the exact (i.e. shell model) results can be 
reproduced for any interactions and for any j value. Furthermore 
identical results are obtained for any expectation values or tran
sition matrix elements of any physical quantities by using both 
the NFT and shell model wavefunctions, thus establishing the equ
ivalence of these two seemingly different wavefunctions. This 
demonstrates that the NFT is an exact theory for a fermion system. 
Since the NFT contains the boson degrees of freedom precisely, it 
is therefore well suited to study the boson behavior of a fermion 
system. For example, it may be utilized to understand the Inte
racting Boson Model (IBM) 2) Q n a microscopic level. 

For the single j shell case, we have studied the probabili
ties of boson states in nuclei via the NFT wavefunctions. The 
result seems to suggest that the nuclear force prefers to ma
ximize the boson probabilities. For the low lying states, the S 
and D bosons are shown to be most important. Of course, more 
realistic calculations by using the NFT are called for if one 
were to firmly establish these points as well as to make concrete 
connection between the NFT and the IBM. 

+This work was partially supported by the National Science Foun
dation under grant PHY-7908402, the Niels Bohr Institutet and 
the Danish Ministry of Education. 
§On-leave-of-absence from Jilin University, Changchun, Jilin, The 
People's Republic of China. 
1. B.R.Mottleson, J. Phys. Soc. Japan, Supple.24(1968)87; 

P.F.Bortignon et.al. Phys. Rep. 30C(1977)305. 
2. F. lachello and A. Arima, Phys. Lett. 53B(1974)309; 

A. Arima and F. lachello, Phys. Rev. Lett. 35(1975)1069; 
ibid £0(1978)385; Ann. of Phys. 99(1976)253. 
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IBFA STUDIES IN THE ODD XENON ISOTOPES* 

M. A. Cunningham 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

We have studied the systematic behavior of the negative parity states in the 
odd Xenon isotopes in terms of the Interacting Boson-Fermlon Approximation (IBFA). 
These states are based on the coupling of an hn/2 neutron (hole) to the even Xenon 
cores, and since they have negative parity, they do not mix with other single particle 
configurations. 

The IBFA hamiltonian can be written as the sum of the boson and fermion ham-
iltonlans and a boson-fermion interaction: H = Hp + H F + V B F . The boson hamil
tonian, H B , has been discussed at great length1) so we shall not dwell on it here. The 
fermion hamiltonian is taken to be Hp = Ejein., where for this simple case of a single 
j-shell, we have chosen ej = 0. It has been suggested by Iachello and Scholten 2 ) that 
a good approximation to the boson-fermion interaction is: 
V B F = A £< d f *> < 0 ) x t3}"1" jji> ( 0 ) 3 ( 0 ) + r%'Jf + A' C(aj+ «) Q ) * (cT1" a j ) 0 ) 3 <°>: . where 
Q B = (s+d + d+s^2) + x (<I*<i) <2), q f = (aj+aj) <2), and the normal ordering has been 
introduced in the last term to eliminate 
the commutator of d and d*. 

In applying the D3FA to the z 
odd Xenon isotopes, we took Hg 
from a previous calculation of the 
even Xenon cores 3) and chose \ to 
be the average of \ v and x f f . This „ 
leaves three parameters, A, r , and 5 
A to be fitted to the experimental — 
data. The results of this fit are g I 
shown in the figure. The energy of j£j 
the 11" /2 state has been taken as u l 

zero. We find good agreement 
between our results (Unes) and the 
experimental levels (dots), suggest
ing that the choice for Vjjp is 
appropriate. c 

63 65 67 69 71 73 75 7 7 
NEUTRON NUMBER 

* Work supported by D. O. E. Contract No. DE-ACO2-76ERO3074 
1) "Interacting Bosons in Nuclear Physics", ed. F. Iachello, Plenum Press, 

N.Y. (1979) 
2) F. Iachello and O. Scholten, Phys. Rev. Lett. 43 (1979) 679 
3) F. Iachello, G. Puddu, O. Scholten, A. Arlma, and T. Otsuka, Phys. Lett. 

89B (1980) 1 
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INTRINSIC LIE GROUP AND NUCLEAR COLLECTIVE ROTATION ABOUT 
INTRINSIC AXES 

J.Q. Chent 

Department of Physics, Yale University, New Haven, Ct. 06511 

F. Wang and M. J. Gao 

Dept. of Physics, Nanjing University, Nanjing, People's Republic of China 

For any element R(b) of a Lie group G, one can define, as In the case of finite 
groups,1) a corresponding operator R(b) in the group space Lg by the following 
equation: R(b)Rja) = R(a)R(b), for any R(a) E Lg (1) 
In other words, the operator R(b) applied to a basis R(a) in Lg changes R(a) into an
other basis R(a)R(b). It_ls easy to prove that the set of operators R(b) forms a group, 
the intrinsic Lie group G, which has the properties: 

1. The group G and G are commuting, [R(a), R(b) ] = 0. 
2. The group G and G are anti-isomorphic. 
Let X. and X. be the infinitesimal operators of G and G. Corresponding to 

the above two properties, one has 
1. CXT, X J = 0 _ (2) 
2. fcp, X £ ] = C? p X , ^ X p ] = -C£ p X f f (3) 

From definition (1), one gets _ 
R(b) = R(a)R(b)R-1(a) (4) 

It should be emphasized that neither (1) nor (4) is an identity relation; it 
merely shows that R(b) is equivalent to R(a)R(b)h_1(a) when it acts on the element 
R(a) of G. While acting on another element R(c), it will be equivalent to R(c)R(b) 
R _ 1(c). Corresponding to (4), one has 

X p = R(a)XDR-l(a) = £ D*™ (a) X f f (5) 
where D °' is the adjoint representation spanned by {X.}. 

Applying eq. (1) to the special case of the group SO(3),_tt can be proven that 
the infinitesimal operators J x , J„, J z of the intrinsics group SO(3), are just the three 
components of the angular momentum in the intrinsic coordinate system. Therefore, 
eq. (2)- (4) become the well known formulae in the Bohr-Mottelson model of nuclear 
collective rotation. The physical meaning of eq. (4) is now very clear; where 
parameters a = (a, P, Y) are the orientation angles of the intrinsic frame with respect 
to the fixed frame and R(a) represents a transformation operator which brings the 
fixed frame to the intrinsic frame. 

We abstract the concept of the intrinsic group from the concrete physical 
problem and then turn back to use it in describing nuclear collective rotation about 
the intrinsic axes. Some puzzling features of eq. (2)- (5) now become transparent. 
So it may be said that we have tailored an appropriate mathematical formalism for 
the description of nuclear rotation about the intrinsic axes. 

t Permanent address: Dept. of Phys., Nanjing Univ., People's Republic of China 
1) J.Q. Chen, F. Wang and M.J. Gao, Journal of Nanjing University, No. 2, 1978, 

Acta. Phys. Sinica 26 (1977) 427 
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INTRUDER STATES IN THE INTERACTING BOSON MODEL 

P. Van Isackert 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

In the framework of the interacting boson model, we have performed detailed 
calculations on the nucleus 1 5 6 Gd, about which a considerable amount of experimental 
information is available. Of special interest in this nucleus are a hexadecupole band 
(K? =4+) and a low-lying (E = 1.168 MeV) 0 + states and its associated band up to 10 +. 
This second low-lying Klr = 0 + band, not predicted in any collective calculation, is 
also commonly observed in various other mass regions. A few examples are the Hu 
and Pd isotopes, the Zr region and the Sn isotopes. 

These low-lying 0 + states could arise for several reasons. For example, 
they could come from a subshell closure in the valence shell, as that occuring at 
proton number 64 in the 50-82 shell. 
Another possible origin could be the M 

breaking of major shells through two- <KW) 
particle two-hole excitations, as in 
the case of the Sn isotopes. It should M 

be noticed that in the boson descrip
tion of the latter type of excitation, 
the number of bosons is not conserved 
and this constitutes a fundamental 
difference between the two possible 
explanations. 

In a phenomenological approach, ° 
we have studied these intruder states 
together with the hexadecupole states, 
by introducing s' and d' bosons and g bosons x ) and using the Hamiltonian: ^ 
H = H B d + es.s'+s- + ea.d , +* + KQ-Q' + Kg [Q x (g+I)(2)]«>) + A:[(g+d)W x(d+gJ^W: 
where Q is the quadrupole operator of the s and d bosons and Q' of the s' and d' 
bosons. The results of the calculations, together with the experimental levels (dots), 
are shown in the figure. £' refers to states arising from s' and d' bosons, whereas 
r refers to the hexadecupole bands.*) 

However, in order to obtain a more detailed description of the nucleus under 
consideration, it is necessary to include interaction between the E, £', and r bands 
and to study electromagnetic transition properties. This work is in progress. 

t Permanent address: Instituut voor Nukleaire Wetenschappen, B-9000 Gent, 
Belgium 

1) F. lachello, in Structure of Medium-Heavy Nuclei 1979, The Institute of Physics 
(London, 1980) p. 161-168 
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THE Ru AND Pd ISOTOPES IN THE PHOTON-NEUTRON 
INTERACTING BOSON MODEL 

G. Puddu and P. Van Isackert 

Wright Nuclear Structure Laboratory, Yale University, New Haven, Ct. 06511 

In the framework of the proton-neutron interacting boson model, we have 
performed calculations for the Ru (Z = 44) and Pd (Z = 46) isotopes, using the 
Hamiltonian of 
ref. x ) . The en
ergy spectra, re
sulting from these 
calculations, are 
shown in the fig
ures. Parameters 
appearing in the 
Hamiltonian are 
allowed to vary 
in the usual way, 
i . e . , only param
eters depending on 
neutron number 
vary i t a chain of 
isotopes and only 
parameters depend
ing on proton num
ber can be differ
ent for two isotonic 
Ru and Pd nuclei. The general behavior of the parameters e, K, X V » a o A Xtr J s m 

accordance with previous calculations done in other mass regions. Also calculations 
have been performed for nuclei not known at present. For those nuclei, we took the 
parameters of the Xe and Ba isotopes. ) 

In many Ru and Fd isotopes more than one excited 0 + state is observed ex
perimentally, one of which is not reproduced by theory. These states constitute 
possible indication for the existence of new excitation modes (s' and/or d' bosons) in 
addition to the sd boson Hamiltonian. These ideas are currently under investigation. 

In conclusion, we remark that also electromagnetic properties have been 
calculated (E2, Ml transitions, quadrupole moments), which are available on request. 

t Permanent address: Instituut voor Nukleaire Wetenschappen, B-9000 Gent, 
Belgium 

1) O. Scholten, in Interacting Bosons in Nuclear Physics, ed. F. Iachello (Plenum 
Pres s , New York 1979), p. 17 

2) G. Puddu, O. Scholten and T. Otsuka, to be published 
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LOW-LYING IT=1/2' BANDS IN N,Z=27 NUCLEI 

H. Ohnuma, J . K a s a g i , Y. Kamatani , T. Murakami, 
N. K i s h i d a and T. Kubo 

Department o f P h y s i c s , Tokyo I n s t i t u t e o f Technology 
Oh-okayama, Meguro, Tokyo, Japan 

R e c e n t l y l o w - l y i n g 1^=1/2" bands have been i d e n t i f i e d * ) i n 
N=27 n u c l e i , 51cr and 53Fe . The most s t r i k i n g i s the f a c t t h a t 
a l l t h e n e g a t i v e - p a T i t y l e v e l s below *\>3 MeV can be c l a s s i f i e d 
i n t o two groups: t h o s e w i t h dominant s p h e r i c a l ( f 7 / 2 ) n c o n f i g u r a 
t i o n s and t h o s e which b e l o n g t o the 1 / 2 - b a n d s . These band mem
b e r s are c h a r a c t e r i z e d by s t r o n g i n - b a n d E2 t r a n s i t i o n s and v e r y 
weak t r a n s i t i o n s t o the ( f 7 / 2 ) n s t a t e s . The B(E2) v a l u e s f o r t h e 
i n - b a n d t r a n s i t i o n s s u g g e s t 6 = 0 . 3 . __ 

The i n s p e c t i o n o f t h e p r e v i o u s e x p e r i m e n t a l data f o r Co 
s u g g e s t s s i m i l a r s t r u c t u r e a l s o i n t h i s Z=27 n u c l e u s . Hence we 
have f u r t h e r i n v e s t i g a t e d the l e v e l s i n 59co v i a the 5 6 p e ( a ) p Y ) 
5 9 C o r e a c t i o n . A 9 . 5 MeV a beam from t h e T . I . T . Van de Graaf f 
was u s e d . P r o t o n - y a n g u l a r c o r r e l a t i o n s and y-Y c o i n c i d e n c e 
measurements u s i n g an annular S i d e t e c t o r p l a c e d a t 180° and two 
Ge(Li ) d e t e c t o r s have r e v e a l e d the p o s s i b l e e x i s t e n c e o f the 1 /2" 
band members a t 1 4 3 5 ( 1 / 2 " ) , 1 2 9 7 ( 3 / 2 " ) , 2 0 8 8 ( 5 / 2 " ) and 2 2 0 5 ( 7 / 2 " ) 
keV. In the f i g u r e i s shown a comparison o f t h e 1 /2" band members 
i n v a r i o u s n u c l e i . S h e l l - m o d e l or i n t e r m e d i a t e - c o u p l i n g model 
c a l c u l a t i o n s f o r Co i s o t o p e s have n o t b e e n a b l e t o reproduce 
t h e s e l e v e l s , w h i l e t h e y seem t o a c c o u n t f o r t h e r e s t o f t h e n e g 
a t i v e - p a r i t y l e v e l s upto ^3 MeV a l t h o u g h e x p e r i m e n t a l da ta f o r 

— 1 1 / 2 " l e v e l s above ^2 MeV are i n s u f f i c i e n t f o r 5 7 c 0 

and 5 9 c o . The 1 /2" band members i n 5 3 p e c a n 

be regarded as the l e v e l s a r i s i n g from l p - 4 h 
— 9/2" c o n f i g u r a t i o n s 2 ) . However, the p e r s i s t e n t e x 

i s t e n c e o f s i m i l a r band s t r u c t u r e i n N,Z=27 
n u c l e i might r e q u i r e more genera l u n d e r s t a n d 
i n g o f t h e s e l e v e l s , g i v i n g us a c l u e t o t h e 
s h e l l - m o d e l i n t e r p r e t a t i o n o f c o l l e c t i v e 
p r o p e r t i e s . 
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P T e s e n t addres s ' .Cyc lo tron Laboratory , Michigan S t a t e U n i v e r s i t y , 
E a s t Lans ing , Michigan 4 8 8 2 3 . 

1 . J . Kasagi and H. Ohnuma, J . Phys . S o c . J p n . 4 5 ( 1 9 7 8 ) 1 0 9 9 ; 48 
( 1 9 8 0 ) 3 5 1 . — 

2 . I . P. Johnstone and H. G. Benson, P h y s . Rev. C 1 7 ( 1 9 7 8 ) 3 1 1 ; 
A. Yokoyama, T. Oda and H. H o r i e , P r o g . T h e o r T T h y s . 6 0 ( 1 9 7 8 ) 
4 2 7 ; P. W. M. Glaudemans and B. C. M e t s c h , p r e p r i n t . 
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SEMI-INFINITE NUCLEAR MATTER AND THE INCOMPRESSIBILITY OF FINITE NUCLEI* 

M. Farine, J. C&te and J.M. Pearson 
Universite de Montreal 

and W. Stocker 
U n i v e r s i t y MUnchen 

I f the energy per nucleon e of a f i n i t e nucleus is expressed in terms of 
a s impl i f ied droplet model, the incompressibi1ity Kft of t h i s nucleus, 
defined by 

can be parametrized according to 

A v ""' yly (I) 

e 
(2) 

BGG have made RPA calculations of Kft for d i f ferent nuclei w i t h the Skyrme-
Orsay force S3 and with the Gogny force , and have f i t t e d t h e i r results to 
Eq. (2) . 

Here we use the model of semi - in f in i te nuclear matter to calculate the 
surface compressibil ity KJJ: for these same two forces. We have3) 

(3) 

where a is the surface energy per unit area, n 0 the saturat ion density of 
i n f i n i t e nuclear matter, em i ts energy, and dots denote derivat ives with 
respect to the nuclear-matter density. Hartree-Fock calculat ions of o (n Q ) 
for the two forces have already been published 2 ) , b u t B ( n 0 ) impl ic i t ly 
involves calculat ing semi - in f in i te matter with l imi t ing i n t e r i o r densities 
d i f ferent from the saturation value n 0 , so that because of the resulting 
pressure, s t a b i l i t y of the surface can be achieved only by applying an exter
nal constraint . 

We show how this can be done in a unique way ( in so doing we obtain a 
rigorous proof of the "3 (n 0 ) = 0 theorem"), and find 

— J&- ta W 
where t 0 is the surface thickness of semi - In f in i te nuclear matter at satura
t ion . Using the results of Ref. 2 we then find for K , : 

S3: -1*5^ MeV(-568) Gogny: -296 MeV(-315) 
where the f igures in parentheses are those of BGG 

1. J.P. B la l zo t , D. Gogny and B. Grammaticos, Nucl. Phys. A265 (1976) 315. 
2. J . C8te and J.M. Pearson, Nucl. Phys. AVA (1978) 104. 
3. J.P. B la l zo t , Phys. Reports ( to be published). 
* Work supported by NSERC Canada, Government of Quebec, and the 

Deutsche Forschungsgemeinschaft. 
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NUCLEAH MATTER PROPERTIES INCLUDING MESOHIC AHB ISOBAR DEGREES 
OS FREEDOM AflD USING CONTINUOUS SINGLE PARTICLE POTENTIALS 

R. Maohleidt and K. Holinde 
Institut flir Theoretiache Kernphysik der Universitat Bonn, 

D-53oo Bonn, W. Germany 
The effects of mesonic and isobar degrees of freedom are 

studied in nuclear matter. For the study of the meaonic degrees 
of freedom the neson-exohange model for the ITT-interaction is 
used within the framework of old fashioned perturbation theory. 
Further the excitation of nucleons to #1236)-isobars is taken 
into account using *•- and p-exchange at the ITA-vertices ). Both 
effects considered in this work are repulsive and add up to a 
total effect in the order of +1o MeV at nuclear matter density 
with a strong density dependence ). 

The nuclear matter calculations are performed in the 
framework of Bruckner theory applying a selfconsistent single 
particle potential. When a standart version for the single 
particle potential, i.e. there is a gap between particle and 
hole states, is used the repulsion adds up to +12 Mevj with 
a continuous single particle potential we get an effect of 
+ 9 MeV. In the latter case a considerable improvement of 
the saturation density is achieved being much closer to the 
empirical value then former results. 

The repulsive effects gained in these considerations 
are a welcome feature for the following reason: There is 
empirical evidence that the tensor part of the nuclear force 
is rather weak**). A tensor force causing a D-state probability 
of the deuteron (PT>) of 4 - 5 # seems to have about the right 
size. On the other^iand we know, that a ̂ -potential with 
a ft. around 4.5$ saturates nuclear matter at an energy per 
particle of about -23 MeV (empirical value *-16 MeV) in a 
lowest order Bruckner calculation. That means, when one wants 
a consistent description of the nuclear tensor force and of 
nuclear matter one needs extra repulsive effects in nuclear 
matter. 
1. K. Holinde, S. Machleidt, M. R. Anastasio, A. Paessler 

and H. Muther, Phys. Rev. £1£ (1978) 87o 
2. M. R. Anastasio, A. Faessler, H. Muther, K. Holinde and 

R. Machleidt, Phys. Rev. Q1B. (1978) 2416 
3. H. Arenhbvel and W. Fabian, Nucl. Phys. A282 (1977) 397s 

E. 1. Lomon, Phys. Lett. SfiE (1977) 419 
4. H. K. Conzett, F. Hinterberger et al., "Determination of 

the asymptotic D to S-state ratio of the deuteron wave 
function",to be published 
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Equation of State in the Density Range 10 - 10 gmcm' 
N. Goodwin and J.H. Irvine 

Department of Theoretical Physics, 
The University, 

Manchester Ml3 9PL, U.K. 
We have considered an interacting system of baryons B, including 

nucleons N and their first excitations the N(1234), and pions. The system 
is charged neutral and in equilibrium with respect to 

B •* * + B' 
Any free pions are assumed to Bose condensate and hence the pion field 
operators are replaced by their expectation values. The N-N* and N*- N* 
potentials are the IT- and p- potentials of Arenhuvel'', the N-N interaction 
is the Reid potential modified to avoid overcounting of n- and p-exchange. 
The IT-B Hamiltonian is chosen to be chirally invariant, apart from a small 
isoscalar symmetry breaking term, compatible with PCAC. The B-B Hamiltonian 
is treated.by the method of lowest order constrained variational cal
culations') and the B-B correlations, N* width and T propagator are treated 
self-consistently. The system is unstable against pion condensation at 
densities %2 x 10'* gmcm"^. A standard Maxwell construction yields a density 
discontinuity from ^1.5 x 10'* gmcm"3 to 5 x lol* gmcm"3 across the phase 
boundary. This phase boundary straddles the normal nuclear matter saturation 
density and has considerable significance for the masses of stable neutron 
star configurations. While we expect coulomb and surface considerations to 
inhibit the condensation in finite nuclei, we are close enough to the tran
sition that relatively low energy probes might be expected to detect the 
associated quantum fluctuations. 
1. H. Arenhovel, Nucl. Phys. A247 (1975) 473 
Z. H.M. Irvine, To appear in Prog, in Part. Nucl. Phys. (1980) 

793 



HUCIEOU EMISSION INDUCED BI HIGH ENERGY HADROHS IN PASSING 
THROUGH HUCEEAR MATTER 

Z. S t r u g a l s k i + ^ 

J o i n t I n s t i t u t e f o r N u c l e a r Researcn 
High Energy L a b o r a t o r y 

Dubna, USSR 
Fast nucleons, of kinetic energies from nearly 20 to nearly 

400 MeV, are copiously emitted in high energy hadron-nucleus 
collisions, as we can conclude from the usually observed in ex
periments intensive emission of the protons. The events are re
gistered in which the hadron induces such emission in colliding 
with the atomic nucleus without causing multiparfcicle creation, 
even if the hadron is of the kinetic energy high enough to be 
able to produce many particles as well. 

Accurate analysis of the characteristics of emitted protons 
indicates that high energy hadrons cause monotonously fast nuc-
leon emission in passing'through nuclear matter. The emission 
starts from some vessel-shape spatial region situated along the 
hadron course | the number of emitted nucleons is proportional 
to the path length of the hadron inside the target-nucleus, it 
equals the number of nucleons met in a neighbourhood to this pa 
th. It seems to be mostly probable that this emission goes on 
via some two or more nucleon intermediate systems; it follows 
from the average energy value of the emitted protons and from 
the irregularities observed in the proton energy spectra. The 
nucleon emission intensity distribution is determined by the ge 
ometry of the target-nucleus, exactly speaking - by its dimen
sions and the radial nucleon density distribution in it. 

Accepting that the multiparticle creation acts go on via so 
me intermediate states which behave themselves inside nuclear 
matter as any high energy hadron does and decay into usually ob 
served created particles after having left the target-nucleus, 
the formula describing well the nucleon multiplicity distribu -
tion in high energy hadron-nucleus collisions has been derived; 
it has been tested by experiment within wide energy interval -
from nearly j to nearly 400 GeV. 

Probably, a mechanism of this nucleon emission is such that 
the projectile hadron generates mesons in nuclear matter, mono
tonously along its path, of such energies at which they are ab
sorbed simply L'y two or more nucleons; the nucleon systems for
med in such a way, being of energies small enough to be able to 
move • inside nuclear matter without causing fast nucleon emissi
on in ones turn, decay into observed protons and usually nonvi-
sible neutrons after having left the target-nucleus. 
T? ft f crone Q G * 
Strugalski Z., Pluta J., Journ. of Nucl. Phys., 2Z,504/197V| 
Strugalski Z. et al., JINK E1-11975» Dubna, 1978; JINK E1-12087, 
Dubna, 1979» JIHH El-8039, Dubna, 1980. 

On leave of absence from the Institute of Physics of the 
Warsaw Technical University, Warsaw,- Poland. 
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NARROW E AND = HYPERNUCLEAR STATES 

C. B. Dover 

Brookhaven National Laboratory 
Upton, New York 11973 

A. G a l + + 

The Hebrew University 
Jerusalem, Israel 

Recently, narrow E-hypernuclear states (r<10MeV) were observed at CERN 
in (K~.ii*) 0° production at 720 MeV/c on 7Li, 9Be and 1 2 C targets. The 
existence of narrow E states was unexpected, since crude nuclear matter 
estimates had predicted widths of r>20MeV. In the present work, we have 
studied mechanisms for the quenching of E and = widths in finite nuclei. 
Some preliminary results have already been published2'. Our conclusion is 
that the spin-isospin dependence of low-energy EN-+AN conversion leads to 
substantial quenching of I widths for particular states in light hypernuclei. 
As an example, in the (K,ir) reaction on at 0°, the excitation of 0 + and 
1" hypernuclear states dominates the spectrum. We find that the vtdth of the 
1 _ E-states is not significantly changed relative to the nuclear matter, 
estimate, whereas the width of the coherent substitutional (AP3/2 ® n ^3/2^" 
state with isospin 1=3/2 is quenched by more than a factor of two. Similar 
results are obtained for jLi, jBe and jj 0: the narrowest E states correspond 
to substitutional states (lp)N-*"(lp)j of maximum isospin. In p , if the 
E-nucleus spin-orbit potential is comparable to that of the nucleon, we pre
dict a single narrow 0 +, 1=3/2 state, whereas if the E spin-orbit potential 
is weak, we expect two somewhat broader 0 +, 1=3/2 excitations spaced by about 
6MeV. We are extending our earlier calculations^) to other light systems 
such as JHe, }£c, 1 7 , 1 ? 0 ; for £ 3C and £ 70, the nuclear core Is spin-isospin 
saturated, ana the predicted E-widths are larger than for j C and. J 0. In 
light systems, the I width can serve as a delicate probe of the spin-isospin 
structure of hypernuclear wave functions. 

We have also estimated the production cross sections and widths for ,, 
doubly strange = hypernuclei, produced via the (K~,K*0 or (K-.K") reactions . 
Because of the large momentum transfer, even at 0°, these processes prefer
entially populate high spin ~ states. The width of certain = configurations 
is predicted to be small; = widths are intrinsically smaller than E widths, 
and the spin-isospin dependence of the =p->-AA conversion process (1=0, S 0 

only near threshold) also leads to quenching effects. 

t Supported by the U. S. Department of Energy under Contract No. DE-AC02-
76CH00016. 

t+ Supported in part by the U.S.-Israel Binational Science Foundation. 

1. R. Bertini, in Meson-Nuclear Physics-1979, ed. E. V. Hungerford III, Vol. 
54, AIP Conference Proceedings (American Institute of Physics, New York 
1979) p. 703. 

2. A. Gal and C. B. Dover, Phys. Rev. Lett. 44̂  (1980) 379. 
3. C. B. Dover, Brookhaven National Laboratory report BNL-26961 (1979); 

C. B. Dover and A. Gal, in preparation. 
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IRREDUCIBLE REPRESENTATIONS OF THE LIE ALGEBRA SUW 
AMD THE GRADED LIE ALGEBRA 5Ul*/l) 

Sun Hong zhou( 3'h ',?i \*\ ) and Han Qi zh i ($^ - f t ^S ) 

(Department of Phys i c s , Peking Un ive r s i ty ) 

The i n f i n i t e s i m a l genera to r s of the a lgeb ra SIK11) c a n D e 

w r i t t e n as 
(a) the i n f i n i t e s i m a l generators of t h e group S\J(7l-t) 
(b) a s c a l a r o p e r a t o r Q of SlXl-l) 
(c) a se t of i r r e d u c i b l e tensor o p e r a t o r s \AP)of rank t i l 

of SUl*1 )̂ and t h e i r hermi t ian adjoint o p e r a t o r s V tpj 
By means of the commutation r e l a t i o n s of these opera to rs 

a l l the i r r e d u c i b l e r ep re sen t a t i ons of t h e group 5UM can be 
c a l c u l a t e d . The ma t r i c e s corresponding to these opera tors 
in the i r r e d u c i b l e r ep resen ta t ion Tt i = Dtin "ljit'"1liinj a re 

<SM*>-<£HU.>£;i£>. 
where TV, fn. are the quantum numbers needed to specify the 
b a s i s vec to rs and (IT"1 . 1 5 " ! / are the reduc t ion c o e f f i c i e n t s 
of the group SUl"-1) . The reduced mat r i ces / J*1, | v | I ? \ can be 

"rltt"" {lA^yi^-*"-"/^-*-?? 
where 

TU±'0 = tWin *1»L" n<*±l " M , * f * = n f , l + l 7 l * t ^ • 
The s c a l a r f a c t o r s of the reduction c o e f f i c i e n t of the group 

SUfr) o a n b e w r i t t e n as y 

The Lie -algebra of SUfi/i) i s SUinpUU), thus i t s even elements 
a r e given by the gene ra to r s of SOt") and a s c a l a r opera tor D 
of SUM . I t s odd elements cons i s t of a s e t of i r r e d u c i b l e 
t e n s o r opera to rs Utpj of rank D3 of SIM) and another se t of 
o p e r a t o r s Tip) whose hermit ian ad jo in t a re a l so i r r e d u c i b l e 
t e n s o r opera to rs of rank TO . 

In the same manner we can obtain a l l t he i r r educ ib l e 
r e p r e s e n t a t i o n s of 5Vl*/i) • 
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THEORY OF SUCLEAR 31 HOLE PARTICLE POTENTIAL 
Vu Shi-shu 

Department of Physics, Jllin University 
The single particle (sp) potential u ^ = R M ( ^ > ) [or 1 U « ( 0 ] defined in terms of the mass operator MU^(a') is studied in detail. First it is proven that although u is non-hermit ian, the energy eigenvalues ef of the sp HP.mlltonian h • t+u are all real and satisfy rigorously the relation 

er = tfB^tA+l) - E0(A)J, 
where E„(A) denotes the exact ground state energy of a closed shell nucleus (A), E (A+1) are exact energy eigenvalues of its neighbouring nuclei of mass number A.+.1, and the upper (lower) sign holds if/- refers to a particle-(hole) state. Then the principle of maximal cancellation of perturbation diagrams ia analysed by a new and non-perturbative method, which shows that u is indeed a good choioe and its cancellation property can be expressed analytically in the form 

K J Ep> - °» 
where fflap(a>) is the reducible mass operator. This relation not only tells what terms can be canceller b"t also gives us a deeper insight into the property 0* <,ne remaining terms. An exact expression for the sp Oreen function G^ttot.-t.) is derived and its approximation discussed. One sees that u indeed facilitates the calculation of 0rf/5(t) and thus the sp propagator renormalizatlon. Further, it is shown that the line-weighting (or amplitude renormalization) factor A r f. can be written exactly as follows: 

By means of the above formula, a method for calculating A.„. is 
suggested. One obtains, for instance,n , , " 

A-< - (1- «:*<*.) - $»?<rar{e^')*r^<{£^')l• 
which is reduced to the wellknown Brandow formula. If one neglects the non-diagonal elements and introduces for KM ( ">) the approximation 

»*»<-> ~ Z h a B { o ' h ' e ' h ! a , + fh> Ahh' 
where 0. is Brueakner's Q-matrix. 
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K-SHELL INTERNAL CONVERSION OF THE 35 .5 KeV TRANSITION IN Te 

C.Protop and C .C io r t ea 

I n s t i t u t e for Physics and Nuclear Engineer ing 
Buchares t , Romania 

The K-she l l i n t e r n a l convers ion of t h e 35.5 KeV t r a n s i t i o n 
in 125Te has been measured by XPG method. In order t o s e l e c t the 
K X-rays fo l lowing t h e K-conversion in t h e t r a n s i t i o n of i n t e 
r e s t from t h e e n t i r e K X-ray photopeak we measured t h e low e n e r 
gy photon spectrum in coincidence wi th t h e 601 KeV gamma t r a n s i 
t i o n feeding the 35 .3 KeV l e v e l i n 1 2 5 S b decay. The KX/-y(35.5 
KeV) r e l a t i v e e f f i c i e n c y has been measured by means of l o 9 C d , 
1 3 7 C s and 2 4 1 A m c a l i b r a t e d s o u r c e s . Taking t h e f luo rescence 
y i e l d <u=0.873 +_ 0.017 we obta ined OR = 10.9 +. 0 .6 . 

A quadrupole admixture and p e n e t r a t i o n process a n a l y s i s in 
l i n e a r ( 6 2 , l) p l o t of the p r e sen t ag v a l u e , t h a t from r e f . x ) a n d 
L-subshe l l r a t i o s from ref . 2 ) wi th Hager and S e l t z e r ' s c o e f f i 
c i e n t s i s given i n t h e f i gu re . Since OR i s h e r e q u i t e indepen
dent of quadrupole admixture , we can ob ta in t h r e e v a l u e s for 
X. These va lues t o g e t h e r with t h e exper imenta l value of t h e r e 
duced matr ix element of the Ml gamma ope ra to r provide t h r e e va
lues for the moduli of the reduced ma t r ix element of t h e pene
t r a t i o n o p e r a t o r , denoted by P(M1): P ( M l ) p = 2 . 8 + 1 . 7 , P ( M l ) R a = 
= 0.48 ± 0.96 and P(M1) G = 2 .9 ± 3*5 in efc/2Mc u n i t s . 

The c a l c u l a t e d value of P(M1) wi th K i s s l i nge r and Soren-
s e n ' s wave func t ions 3 ) and g s = - 3 . 8 2 6 , g R = Z/A i s P (M1) K _ S = 
= 1 . 6 8 eH/2Mc. This l i e s b e 
tween the two exper imenta l 
P(M1) va lues de r ived from ajj 
measurements. The L-subshe l l 
r a t i o s give a h ighe r P(M1) 
and a smal le r E2 t r a n s i t i o n 
p r o b a b i l i t y (deduced from 
t h e corresponding S 2 ) as 
compared wi th K-S e s t i m a 
t i o n s , i . e . t h e s t a t e s i n 
volved in t h e t r a n s i t i o n 
are l e s s c o l l e c t i v e than 
p r e d i c t e d . 

1. E .Kar t tunen, H.U.Freund, R.W.Fink, Nucl.Phys.A131 (1969) 343 
2 . J . S . G e i g e r , R.L.Graham, I .Bergs t rom and F.Brown, Nucl .Phys . 

68 (1965) 352 
3 . L . S . K i s s l i n g e r and R. A. Sorensen, Rev.Mod.Phys. 35_ (1963) 853 
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A VARIATIONAL PERTURBATION METHOD FOR THE CALCULATION 
OP NBUTRON INDUCED "f -HAT SPECTRA 

Ho Tu-kxm Fan Cheng-ying 

Fhyslcs Department, Chengohow University 
Chengohow, China 

A variational perturbation method la proposed to calculate 
the "X-ray speotra following neutron-lnduoed nuclear reaction on 
the basis of statistical theory. The essential point of this 
method is to introduce a functional A which variational value is 
just the required "/-ray speotra. When an approximate solution 
is inserted into the functional A, one can get an approximate 7 
spectra, which has higher preoislon than the Inserted one. This 
method is applied to obtain an analytical expression for the "X-ray 
spectra, and to relate the semi-empirical Howenton-Perkins forma
lism ( R parameter method ) with the statistical theory. It can 
also be used to study the sensitivity of the calculated T* -ray 
spectra to the selection of transitive function. Based on the 
perturbation theory, for two different zero-order transitive fun-
tions their corresponding f -ray speotra are obtained. As an ex
ample, the calculated results for -X -ray speotra induced by ther
mal neutron oapture in Qj are compared with the results ob
tained by numerically solving 
an integral equation and with 
the experiments. It has been 
shown that the variational per
turbation method is useful pro
vided a proper zero-order tran
sitive function is chosen (for 
example the second function 
given in this paper)* 1 

10 

thermal neutron capture in '"Gd 

10* 

©<2> >v 
J-Sm_ X \ 

lo H 

Q) wmtrkfilly Solving 
*̂  Jr" Integral equation. 

l o - - ® present ttoonj 

<g experiments 

\ t 1 / . 

o © \ 
l o 1 t " i i 

Er.Mw 
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TRIHili ANGULAR COrtRtiLATION blUDIciS 

B.P.Singh 

Department of P h y s i c s , Un ive r s i t y of Roorkee .Roorkee.India 

247672 

Extension of double angular t o t r i p l e angular c o r r e 

l a t i o n when a l l t h e t h r e e r a d i a t i o n s a r e de t ec t ed i s important 

i n many ways for t h e r a d i a t i o n from r a d i o a c t i v e decay. Besides 

t h e a d d i t i o n a l informat ion of decay scheme, t h i s method of 

t r i p l e c o r r e l a t i o n s t u d i e s can be of advantage over double 

c o r r e l a t i o n in the fo l lowing way: e l i m i n a t i o n or r educ t ion of 

unwanted double ca scade , back s c a t t e r i n g c o n t r i b u t i o n in gamma-

Sanna angular c o r r e l a t i o n , permutation of sp in assignment t o 

e x c i t e d s t a t e s , angular c o r r e l a t i o n of cascades of gamma-

r a d i a t i o n s i f t h e gamma-rays can not be r e s o l v e d , phases of 

amp l i t ude mixing r a t i o s in gamma t r a n s i t i o n , octupole t r a n s i 

t i o n a s a mixture in d i p o l e and quadrupole , doublet in ganma-

r a y energy l e v e l s , p - p a r t i c l e parameters e t c . Many t e s t cases 
103 

s t u d i e d a r e r epo r t ed for t h e r a d i a t i o n from t h e decay of Ru 
106 11 On 124 „ 125 144 192 

Rh , Ag , Sb , Ba , Er • Ic 

The geometr ies of the mounting of t h e t h r ee d e t e c t o r s 

can be done in many ways. The useful geometr ies a r e (a)when a l l 
t h e t h r e e d e t e c t o r s a r e in one plane (b ) two a r e in one p l a n e ^ 

pe rpend icu l a r t o t h e p l a n e . Solid ang le c o r r e c t i o n for t h e s e 
geomet r ies a r e c a l c u l a t e d in order t o f ind t h e t r i p l e angu la r 

c o r r e l a t i o n c o e f f i c i e n t . There c o e f f i c i e n t s a r e ca l cu l a t ed 

c o n s i d e r i n g the sp in s of t h e exc i t ed , m a t r i x elements and 

r a d i a t i o n parameters involved in the c a s c a d e . 
With tne development of h igh ly v e r s a t i l e e l e c t r o n i c 

c i r c u i t s and d e t e c t o r s , majr other t r i p l e angu la r c o r r e l a t i o n 

s t u d i e s a r e suggested for t h e s t u d i e s of n u c l e a r s t r u c t u r e s . 
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EO TRANSITION PROBABILITY FOR THE 0+-0+TRANSITION IN Zn 
H.Yokota, K.Ichimaru, K.Hashimoto and R.Chiba 
Department of Physics, 
Tokyo Institute of Technology 
Ohokayama, Meguroku, Tokyo 

The EO matrix elements are sensitive to the fine details of 
the nuclear wave functions since it is related to the change in 
the mean square radius between initial and final states. The Ot-(gnd. EO transition from the 1st 0j(1070.7 Kev) state to the _ 
state of 70zn was studied by Reisberg et.al.by 70Zn(P,P') with 
67% enriched target in which the peak of the EO electrons was 
not observed due to the S* background activity." An upper limit 
|p(EO)| = 0.05 was reported. In this work we have investigated 
the EO transition by means of 70Zn(a,a") reaction with 8.5 Mev a 
beam to suppresse the background activity. A combination of a 
solenoide and a cooled Si(Li) detector was used as an electron 
spectrometer. The spectrum was taken by the Si(Li) while the 
solenoide was used as a window. The efficiency and the energy 
scale were determined by 1 5 2Eu, 2 0 7Bi and conversion electrons of 

7D7.n target. The effeciency was inbeam measurement on JZn 2.0x10"2 for the conversion electron of 874.2 Kev 2+-0"fc transi-
The -y-rays were tion in 70 Zn. The resolution was ~3 Kev. measured by a Ge(Li) detector. The spectrum of y-rays and 

electrons are shown in figure with same energy scale.In the elec
tron spectrum abscissa is shifted by K-electron binding energy 
in the figure. A peak at 1061.2 Kev corresponds with the EO, 
0+-0"̂  transition in 'Ozn. The energy of ir-ray 0+-2y(884.9 
Kev, Ey=185.9 Kev) in 70zn is close 
to that of 3/2- - gnd. state (Ey=184.6 
Kev) in 6 7Zn and the crossection of 
0+.(70Zn) is much smaller than that 
of 3/2" in 6 7Zn . We used 67 % and 
99 % enriched 7 0Zn target to determine 
the intensity of 185.9 Kev y-ray. s 
Subtracting the effect of L-conversion I 
line of 1063 Kev y-ray from the 1061.2 
Kev peak area, the branching ratio 
EO(0+-0+)/E2(0+-2+) was obtained to be 

3.It 0.6* 10~ 3. With the available 
life time T = 5.36 i 0.29, ns for the 
0 +, the matrix element |p(EO)| was 
obtained to be 0.051+0.015 1' 2>-
The present value of |p (EO)| in 7 0zn is 
depressed compared with those of 
neighbouring nuclei, 0.09 for 7 0Ge, 
0.095 for 7 2Ge and 0.176 for 72se. 

UUMv 

1. J. Reisberg, H. Gentz, J. Lange, A. Richter and H.W. Muller, 
Nucl. Phys. A208(1977)13 

2. Nucl. Data Sheets 
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Identification of a New 75 S Isomer in Tm 

B. Singh and A. Kogan 

Foster Radiation Laboratory, McGill University, Montreal, Canada 

Existence of low lying isomers in many of the neutron deficient Tm iso
topes prompted us to investigate isomerism in '°°Tm. The decay of 9.2 m 
'60Tm (g.s., J1T=I~) has already been studied by Strusny et al 1 ) . They re
corded all their measurements 20 m after the formation of radioactive '°"Tm 
and did not report any shorter lived activity associated with 'o^Tm. In our 
experiments, 57 MeV proton beams from the McGill University Synchrocyclotron 
were used to produce '60Tm isotope through the reaction '"Er(p,5n). The 
following spectroscopic measurements were carried out immediately after the 
source formation: Y-ray time sequential spectra, YY-coincidences (using 
Ge(Li)-Ge(Li) system), X-ray and low energy Y-ray measurements, and conver
sion electron measurements (using Si(Li) detector and mini-orange magnetic 
filter system). ,,0 

The decay curves for two prominent transitions in Er i.e. 125 keV 
(2+ + 0+) and 264 keV (4 + + 2*) 

were both found to clearly display two half-
lives: 74 S and 8.7 m. A third transition of 376 keV which is well known 
(from in-beam measurements) to be a 6} + 4+ transition in '""Er decayed with 
a single half-life of 76 S. Coincidence data and X-ray spectra helped, 
further, to confirm the assignment of this short-lived activity to '°"Tm. 
The decay curve for Tm L-X-rays revealed a component corresponding to 75 S 
half-life, althouch, K-X-rays did not show any such component. An average 
value for the half-life of this isomer is determined to be 75 ± 1 S. The 
following Y-rays with energies (relative photon intensities) as shown were 
assigned to 75 S '°"Tm decay: 
125.8(72), 26li.l(100), 375.8*(27), 597.6(2.9), 738.7*(12), 840.8*(3.8), 
861.4(12.4), 882.0(2.5), 926.7*(6.7), 1008.2(2.3), 1104.1(5.3), 1115.8*(5-0), 
1186.1*(4.2), and 1249.4(6.5). , 6 o 

Transitions marked with * were not observed in decay of 9m Tm. Uncertain
ties on energies are 0.1 keV below 1 MeV and 0.3 keV above this energy. Rela
tive photon intensities are accurate to about 10%. 
The following excited levels in '°"Er are proposed on the basis of the above 
measurements: 125.8(2+), 389.9(4+), 765.7*(6+), 987-4(3 +), 1008.0(2+), 
1128.6*(4+), 1230.3*(4), 1316.6*. 1375.2(3+), 1505.7*. 1576.0*. Levels 
marked with * were not reported by Strusny et al 1 ) . 

From decay curves, we estimate that nearly 80% of the decay proceeds via 
isomeric transitions in '^°Tm while the remaining 20% goes through electron-
capture and 8+ to levels in ^°Er. A search was made for isomeric transi
tions through conversion electron and low energy Y-ray studies (threshold for 
Y-ray detection was about 5 keV and that for electron detection about 20 keV). 
These data did not reveal any lines decaying with a half-life of 75 S. Com
bining this information with the knowledge that Tm K-X-rays did not contain 
a short-lived component, it may be interpreted that the 75 S isomer is loca
ted less than about 100 keV above the '6°Tm g.s. A spin assignment of 5 for 
this isomeric state would be consistent with log ft values for decay to the 
389.9 keV (j* = 4+) and 765.7 keV (J* = 6+) levels in , 6 oEr. 
t This work was supported by NSERC of Canada. 
tt Present Address: Physics Department, Kuwait University, P.O. Box 5969, 

Kuwa i t. 
1. H. Strusny et al, Czech J. Phys. B.25 (1975) 626. 
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ELECTROMAGNETIC PROPERTIES OF EXCITED LEVELS IN " T i 
P.A. Mando, G. Poggi, P. Sona and N. Taccetti 

Istituto di Fisica dell'University 
and I.N.F.N. - 50125 Firenze, Italy 

Levels in Ti were populated via Ti(p,p'jT) and 4°Ti(drp2f) 
reactions, at 6 MeV beam energy. Enriched targets of 4 9 T i 
(~1 mg/cm 2 thick) and natural targets of 4 8 T i (~40 /ig/cm2) were 
used. Measurements were performed at the CN Van de Graaf acce^ 
lerator of Laboratori Nazionali di Legnaro. 

Proton - gamma coincidences were recorded in both cases. 
The information on the decay scheme provided by the two reac 
tions are somewhat complementary since the (d,p) reaction exci 
tes preferentially low spin states up to E x-5.5 MeV, while the 
(p,p") reaction excites also high spin states up to E x~3 MeV. 

The figure summarizes the information obtained on the decay 
scheme. Some tentative Jw assignments, deduced from the observed 
decay properties, are reported in parenthesis. 

The {pjp'fl) reaction was also used to measure the lifetimes 
of various levels, by observing 
the shift of TT-peaks centroids sTiC<«,p) » Ti(p,P-) 

1+ 5253 
1 - 5116 
1 - 4667 

(*)+ T 4508 
3 - 1 4433 
1 - T 4321 
3 - i 

1 3787 
3 - , 3260 
1 - ' 3175 

p.m- 3042.7 
tw.wr 2980.7 
0 3 " ) n 2720.4 

3+ 2665.9 
5 - 2517.6 

(13.15)- ' 2505.9 
1+ 2503 

(7-D 2471.3 
( 7 - ) ' 2361.5 

5 - ' 1762.1 
1 - 1 "' 17233 

(»)" ' 1623.1 
3~ 1 1586.0 

(9.11)" - " i 1542.3 
3 - 1381.9 
7 -

as the Ge(Li) was rotated from 
+90° to -90° to the beam direc 
tion, with the Si detector fixed 
at +90°. Lifetimes were deduced 
from the observed attenuated 
Dopplershifts by the standard 
Blaugrund-type analysis. Preli 
minary values are reported in 
the table, where the quoted er 
rors include a ±15% uncertainty 
in the electronic energy loss. 

Level energy Mean l i f e 
(keV) (fs) 
1623 44+7 
1762 33±9 
2261 136+30 
2517 >8000 
2665 > 210 
2720 49±35 
3042 < 15 

Finally, the 1542 keV level 
n 49-T- c w a s C o u l o n l b excited by of-parti. 

ZJ Ti Ex[k.v) d e s ' bombardment (£„<= 5.2 •§• 5.8 
MeV). In the same experiment no 

Coulomb excitation was detected of the 1586 keV level. The dedu 
ced B(E2)t values for the corresponding transitions from the 
ground state are 98±10 and <5.5 e 2fm 4, respectively. 

*Present address: Cyclotron Laboratory, Michigan State 
University, East Lansing, 48824 Michigan. 
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GAMMA DECAY PROPERTIES OF "Rb 

T.F. Fazzini, P.R. Maurenzig, G. Poggi+ and N. Taccetti 

Istituto di Fisica dell'Universita 
I.N.F.N. - 50125 Firenze, Italy 

The level scheme of 8^Rb has been investigated by the 
84Kr(p,)f) reaction with the 3 MeV proton beam of the KN3000 acce
lerator of INFN in Florence. A gas target of natural Krypton has 
been used in a target cell separated from the beam line by means 
of a thin Nickel foil. Through y-jf coincidence measurements the 
gamma decay of the levels at 1496.3, 1792.3, 1950.0, 2202.4 and 

imi 2373.5 keV has been observed and levels at 
1668.6, 1929.7, 2028.1, 2039.5 and 2088.0 
keV have been identified. Moreover the lev
el at 1295 keV, which has been reported"" 
as decaying both to the 9/2+ level at 513.6 
keV and the 3/2" first excited state, has 
been found to be a doublet at 1293.5 and 
1295.9 keV. In our experiment only the lev
el at 1295.9 keV is in fact populated, 
while the one at 1293.5 keV is strongly po
pulated in 82Se(6Li,3ny) and 82Se(7Li,4ny) 
experiment2^. 

Meanlives of various levels have been 
measured with the method of Doppler Shift 
Attenuation in gas, with pressures varying 
from 0.2 to 22 bar. The full Doppler shift 
for the various lines ranged from 130 to 
1500 eV. Analysis of experimental data is 
in progress. A preliminary result of 
1.0*.2 ns for the meanlife of the 151.2 keV 
level compares well with previous electro
nic measurements, while the value of 
30±10 ps obtained for the meanlife of the 
281.0 keV level is significantly shorter 
than the value of 450 ps reported in a Cou
lomb excitation experiment^' . This discrep

ancy appears to be mainly due to the value adopted in ref. 3 for 
the branching ratio of the 129.8and 281.0 keV y-rays deexciting 
the 281.0 keV level. 
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^Present address-.Cyclotron Lab.,MSU, East Lansing,48824 Michigan 
1)E. Barnard et al., Z. Physik 2_60 (1973) 197; R.P. Torti et al., 
Phys. Rev. C6_ (1972) 1686. 

2)J.W. Peters et al., in International Conference on Structure of 
Medium-Heavy Nuclei, Rhodos-Greece, 1-4 May 1979, p.42. 

3)P.D. Bond and G.J. Kumbartzki, Nucl. Phys. A2 05 (1973) 239. 
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.V'SIT'SIS OF VARIATICI! Ci' 'i'HJ ^'.rji^Ili.-iri'Ai, J S 0 / H , ~ ^ . J -Ul'iC 
FOR 2 + ' - 2 + TRANSITION AITD IT3 BRCAD FliAT'iRSS. 

B.P.SB.'GH and I .V.S .RATHORr) 

Department of F h y s i c s , U n i v e r s i t y of Roorkee.Roorkee-247672,India 

T r a n s i t i o n p r o b a b i l i t i e s and mixing r a t i o s a r e important 
t o unders tand nuclear s t r u c t u r e . JioA'l = & • m i x i n 3 r a t i o for 
2 + i 2 + t r a n s i t i o n in even-even n u c l e i a r e compared wi th s i n g l e 
p a r t i c l e s h e l l model and c o l l e c t i v e model of Davydov and 
F i l i p o v . I t i s found t h a t t h e exper imenta l v a l u e s a r e c lose 
to t h e c o l l e c t i v e irodel e s t i m a t e . The exper imenta l va lues Jip/1'-] 
mixing r a t i o a r e obtained from the angular c o r r e l a t i o n d a t a . i 

In o rde r t o unuerstand t h e magnitude a s wel l a s phases of iS0A"i 
mixing r a t i o , t h e angular c o r r e l a t i o n c o e f f i c i e n t s A2)ife:rpt.} 
and A^(e;cpt.) for almost a l l t h e n u c l e i have been reanalyzed 
to c a l c u l a t e wi th phase by t h e r.ethod of Arns and Weidenbeck 
and of Coleman. 'Jhe va lues a r e p lo t ted with mass number and 
atomic number. The plot In | A ] (A= o / s /0«835) where liy i s t he 
e r e r g y gamma-transi t ion ve r sus A, suggests t h a t n u c l e i can be 
divided in f ive groups by drawing s t r a i g h t l i n e s . 

BYKRANE , GREINER MODEL, _ = = Least square 

The s lope of t h e s e l i n e s a r e c a l c u l a t e d . These l i n e s cut 
t h e A-axis a t P-28, K«-50, P^50 and IT~100-114 i n d i c a t i n g magic 
number. The magic behaviour a t IT 100-114 can be argued on t h e 
b a s i s of deformation parameter in Hilsson diagram. The phase of 
6 i . e . + ( o r - do find a system in IT-Z p l a n e . The second exftited 
s t a t e 2+ nay be ju3 t above 2 + » of above 4 + or 6 + or 8 + e x c i t e d 
s t a t e . 0 + s t a t e may l i e between 2 + and 2 + . The a n a l y s i s of c 
w i th phase for t h i s c o n s i d e r a t i o n r e v e a l s a t y p i c a l c l a s s i f i c a 
t i o n which may help in microscopic c a l c u l a t i o n s fo r nuc lea r 
s t r u c t u r e s t u d i e s . 
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3/2 -3/2 +,150 eV LEVEL DOUBLET AT THE EHERGY OP 590 keV IN 1 & 5 E r 
V.M.Gorozhankin, K.Ya.Gromov 

Joint Institute for Nuclear Research 
Laboratory of Nuclear Problems 

Dubna, USSR 
The existence in Er of 590 keV doublet of levels with different parity was first pointed out in rei".'). Marguier and Chery 2) proposed that the spina and parities for levels 589.8 keV are 3/2+ and 589.9 keV - 1/2" or 3/2". 
In the course of investigation of the 1°->Tm decay, on the basis of 

more exact data on the energies and in- >•' 
tensities of transitions, multipolarity 3» 1^: determinations and on the results of .-V-' 
e-J-coincidence we have improve the •"-' 4 decay scheme of 1"Tm. The results on ?'"'Ms the level doublet at the energy of 590 keV are presented in the Figure. It has been found unambiguously that both levels have the same spin 3/2 and that the lower level of the doublet has positive parity, when the upper one has negative parity. The levels of doublet are spaced (154+13) eV apart. More precise and complete data about the population and depopulation intensities of these levels have been obtained. The total intensities of transitions are given in the percent per decay. The complete results of our investigations of *65Tm decay will be published later. 

One can observe lately a certain interest to experiments connected with investigations of parity violation in the electromagnetic interaction. The potential which violates the parity in nuclear transitions at low energies is very small, (10~°-10 _7). Owing to this the experiments of these type are possible in a rather limited number of cases, which are convenient from methodic point of view. Besides, in studying the r -quanta circular polarization asymmetry which indicates on the parity violation it would have been usefull if the interacting states are as close to each other as possible. In the considered case the energy distance between the opposite parity level enables to suppose the increase of parity nonconservation effect (^50 times) with respect to the known cases3). 

b L 

Ml 

jii 

7TB 
'. H 

, . = I 

r 1 1 • ' 

- 1 3 1 5 

i 
i ; 

i 

- 1 _ *_ 

4 Ttl in -£ i I - -I ~z-> > ~z-
i 

~z-

1. K.Ya.Gromov, B.S.Dzheiepov, V.Zvolska, I.ZvolBky, A. V. Zolo-
tavin, L.L.Pelekis, Z.E.Pelekis, lzv.Akad.Nauk SSSR, 
Ser.Piz. 27 (19&4) 205 

2. G.Marguier et R.Chery, Le Journal de Physique 33 (1972) 301 
3. R.J.Blin-Stojle, in Fundamental interactions and the nucleus, 

(North-Holland, Amsterdam, 1*373) p. 196 
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28 * 
Study of Kurath Sum Rule in Si by Statistical Theory 

T. R. Halemane, Physics Department 
Rutgers University 

Piscataway, N. J. 08854 

The isovector magnetic dipole operator is 

H 1 ( T = 1 > = ' if? l { - V i + <vV "iV ( 1 ) 

and the Kurath approximation [11 to the linear-energy-weighted 
sum rule (LEWSR) for such excitations from the ground state is, 
in ds-shell nuclei, 

S*J =4.286 (2 n 5 / 2 - 3 n y 2 ) uQ

2 MeV (2) 

where ne/2 and n^/2 a r e the ground state occupancies of the 
orbits as/2 and dj/2 respectively. We evaluate this for 
28si using three sets of occupancies. From the extreme 
single-particle model (j-j coupling) one gets 10 3 \i0~ MeV. This goes down to 47 u02 MeV when occupancies are obtained (by the spectral distribution method 12]) from a Brown-Kuo 
Hamiltonian. The value is 49 p 0

2 MeV if experimental 
occupancies [3] are used. However, the total LEWSR is 
experimentally determined [4] (by the known isovector Ml 
strengths) to be at least 77 u 02 MeV, indicating substantial contributions from the two-body part of the Hamiltonian. A 
part of the two-body contribution can be included in a 
unitary sum rule [5], but this increases the value to 59 u 0 MeV 
only. We therefore calculate the LEWSR with the full (1+2h 
body Brown-Kuo Hamiltonian using the spectral distribution 
methods. The value is 127 v 0

2 MeV (of which the spin-flip 
part, obtained by neglecting the t ? term in eqn. (1) is 
70 u 0

2 MeV - this means that the spin-flip part accounts 
for about 74% of the isovector magnetic dipole operator), 
compared to the experimental value of at least 77 uo 2 MeV. 
The experimental measurements include transitions to a few 
low lying states only, and hence are expected to be somewhat 
lower than the theoretical result. 

[1] D. Kurath, Physical Review 13£ (1963) 1525. 
[2) J. P. Draayer, J. B. French and S. S. M. Wong, 

Annals of Physics 106_ (1977) 472. 
[3] H. E. Gove et al., Nuclear Physics A116 (1968) 369. 
(41 L. W. Fagg, Reviews of Modern Physics 47 (1975) 683. 
[5J T. R. Halemane, Ph.D. Thesis, University of Rochester, 

(1979). 
* supported in part by the National Science Foundation 
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THE EFFECTIVE CHARGE FOR THE h11/2SUBSHELL DEDUCED FROM THE E2 
TRANSITION PROBABILITY IN 1 3°Sn 

B Fogelberg 
The Studsvik Science Research Laboratory 

S-61182 Nykoping, Sweden 
Studies of even nuclei in the region around double shell 

closures are often very profitable and can give considerable 
information on the properties of single particle states which 
is difficult to obtain from studies of odd-mass nuclei. Ex
amples regarding the 132gn region are given in refsl'2). The 
present work, comprising a study of l 3 0Sn and a continued in
vestigation of 128sn from the decays of In isotopes, obtained 
at the OSIRIS on-line mass separator facility, has resulted in 
the identification of several two particle excitations in l^Osn. 
A conspicuous feature of the level schemes of 128,130sn is the occurrence of a vis isomer in both nuclei at about 2.4 MeV ex
citation energy. Each isomer is deexcited to the 7" level via 
a cascade of an E2 and an El transition, see the figure. Avai
lable systematics of nuclear structure in this mass region as 
well as arguments based on the shell model, strongly suggest 
that each of the isomeric E2 transitions can be interpreted as 
the 10 + ->• 8 + transition within the (h]W2>2 neutron hole mul-
tiplets in 1 2 8 ' 1 3 0 S n . The 10+ and 8+ neutron hole states in 
130sn can be assumed to be very pure. One is therefore able 
to deduce the neutron effective charge from the relation 

B ( E 2-' hlI/2>10 -2 
( hll/2 )8 ) 35321 it̂ ef f 2025 e2 (<r 2>h 1 1 / 2) : 

A value of e
Q f f / e = 

=0.85±0.04 results from 
the measured transition _ 
probability, using 33 fm 
for the radial matrix ele
ment1' . The value is only 
slightly smaller than the 
eff/e=0.96 obtained for the il3/2 neutrons in 206pb. 

10 X 2491.99 
2.69 us 
.2412.71 
<40 ns 8i_£Z 

1Q 3( 2-
I L 

8* i 2 

2434.81 
61 us 

2338.27 
<40 ns 

1 Z 8Sn 
1. K.Sistemich, W.D. Lauppe, H. Lawin, F. Schussler, J.P. 

Bocquet, E. Monnand and J. Blomqvist, Z. Phys. A292 (1979) 
145 

2. B. Fogelberg and P. Carle, Nucl. Phys. A323 (1979) 205 
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LONGITUDINAL POLARIZATION OF 1 Z B IN MUON CAPTURE 
H. Ami, M. Kobayashi, H. Ohtsubo, and H. Morita 

Department of Physics, Osaka University 
Toyonaka, Osaka 560, Japan 

The nuclear system of A=12 is one of the most suitable examples for 
studying in detail the structure of the weak nucleon currents, since this 
system supplies us the mirror beta decays of large Q values and the muon 
capture of a large momentum transfer. In this connection, our theory group 
has been investigating this system in its various aspects continuously. 
Here we report our latest work on muon capture in IZC. 

It is known that the partial capture rates are dependent on the oscilla
tor strength parameter even if we fix the configurations of the nuclear 
states. On the other hand, the average polarization of the recoil nucleus 
is insensitive to the detail of the radial wave functions of nuclear states. 
It is, however, noticed that the observed value of the average polarization 
includes the effects of the average polarizations of the excited states 
through gamma cascade transitions. We made this correction to analyze the 
experimental data given by Louvain-Saclay-ETH group, and obtained!) 
(gp-gT)/gA= io.3 +2.7. 

Since an experiment on the longitudinal polarization of B in the muon 
capture in 1 2C was published,2) we made a general expression for this 
quantity for the muon capture in spinless nucleus, including the contribu
tion from excited states. It is confirmed that the longitudinal polariza
tion is insensitive to nuclear structure, by numerical analysis of the muon 
capture in >dC. Contribution from excited states of 2 +, 2", and 1" plays an 
important role to determine the induced pseudoscalar and induced tensor form 
factors. The calculated values are summarized in the figure where the upper 
curve P L ( 1 + ) indicates the longitudinal polarization of the ground state of 
'^B, which is directly excited by 
muon capture. The other two -1.0 — 
include the contributions from 
all 2+, 2", and 1" states and the 
1" state only, respectively, for 
the cases (a) and (b). Experimenta
lly, 2) PL= -0.83+0.21 which covers _ 0 g 
the whole scale in this figure, 
and hence we can not restrict g„ 
at this moment. To do this, we 
need more accurate data on the 
capture rates W leading to the 2 
and 2- states with experimental , ~0.8 
uncertainties AW less than 0.2x10 
sec-1 and those on the 
longitudinal polarization P^ with 
AP, less than 0.03. 

0 1 0 20 
gP/gA 

1) M. Kobayashi, N. Ohtuska, H. Ohtsubo and M. Morita, Nucl. Phys. A312 (1978) 377 
2) P. Truttman, H. Brandle, L. Ph. Roesch, V. L. Telegdi, A. Zehnder and 

L. Grenacs, Phys. Lett. 83B (1979) 48 
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DELAYED PROTON EMISSION OF A NEW NUCLIDE ZN 
J. Honkanen and M. Kortelahti 

Department of Physics 
University of Jyvaskyla 

SF-40720 Jyvaskyla 72, Finland 
K. Eskola and K. Vierinen 
Department of Physics 
University of Helsinki 

SF-00170 Helsinki 17, Finland 
59 The nuclide Zn is a member of the T =-1, A=4n-1 series. 

Its decay is expected to lead predominantly1 to the ground state 
of its mirror, Cu, by superallowed B-transition. Because 
only a small fraction of decaysqis then associated with g-delay-ed Y - r ay si the observation of Zn by -y-ray studies is difficult 
in the presence of other Sfbort lived nuclides. However, the 
proton binding energy of Cu is relatively.low, 3.42 MeV, while 
its Q s_ value is predicted to be -8.76 MeV . A detectable 
fraction of (3-decays should therefore populate proton unbound 
levels_and result in delayed proton emission. rH •, cq 

Zn precursor nuclei were produced by the Ni( He,2n) Zn 
reaction. A stack of four 0.5 mg/cm Ni target foils were bomb
arded by 25 MeV He ions. The recoil atoms were transported 
with NaCl loaded He jet to a tape transport system and collected 
on an aluminized tape. Simultaneous gamma-ray and particle 
spectra were measured in a detector configuration described in 
ref. 2. 

The delayed proton spectra revealed some 15 distinct proton 
groups in the energy range 0.9 MeV<E <2.9 MeV. The half-life of 
the proton activity was measured to Be 210+20 ms. A value of 
(3+1) 10 was obtained for the total proton branching in the 
B-decay of Zn. The observed proton groups have been associ
ated with excited levels of Cu known from (p,y)-resonance 
reaction studies. 

In addition to f3-delayed protons also two (3-delayed gamma 
rays of 491 key and 914 keV were observed and associated with 
the decay of Zn. Gamma rays with these energies are known to 
lead from_the first two excited states with j2l/2 and 5/2 to 
the j"3/2~ ground state of Cu. The log ft values of the 
B-transitions leading to the ground state, and the 491 keV and 
914 keV states were found to be 3.6, 4.8 and 5.1, respectively. 
1. A. H. Wapstra and K. Bos, Atomic Data and Nuclear Data Tables 

19_, No 3 (1977) 1 
2. J. Honkanen, M. Kortelahti, J. fiysto, K. Eskola and A. Hauto-

jarvi, Physica Scripta, 19 (1979) 239 
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THE BETA STRENGTH FUNCTION FOR THE GT B~ DECAY OF 2 S 0 > 2 5 2 ' 2 5 6 N p 

T. Oda and H.V. Klapdor 

Max-Planck-Institut fur Kernphysik 
Fostfach 103 980 
D-6900 Heidelberg 

Germany 

Calculations of the beta strength function Sg- are performed for the GT 
0" decay of 2 S 0 . z 5 2 > 2 5 6 N p in a Brown-Bolsterli model with a Gamow-Teller re
sidual interaction (see ref. *)). The figure shows the results for a Lane po
tential of GQ = 52.5 MeV, Gi = 2/3 G" (the dotted lines correspond to Go = 
60.0 MeV). The main features of the calculated So- are: At energies M 5 MeV 
from the ground state of 
the parent nucleus lies the 
main maximum of the GT E 
strength. The states at 
that excitation energy form 15 
the Gamow-Teller giant re
sonance (GTGR). The tran
sition probability into the 10 
GTGR corresponds to log ft 
=wl.7. The strength en
ergetically accessible in 5 
the daughter nucleus by B~ 
decay is due to back spin 
flip transitions with a „ 
log ft » 3.1. The essen
tial point of the results 
is that the back spin flip g 

states lie beyond the fis- 0 2.0 4.0 2.0 4.0 2.0 4.0 B'GT 

sion barriers in 
2 5 0 > 2 5 2 > 2 5 6 P u which leads to large B-delayed fission rates and thus explains 
the odd-even reversal found2) in the mass yield of thermonuclear explosions 
with a realistic beta strength function. In a similar way the structure in Sg 
will affect all calculations for the synthesis of heavy and superheavy nuclides 
by astrophysical processes like the r or n process and the production ratios 
for chronometric pairs ' ^ ) . 

1. B.F. Petrow, Yu. W. Naumow, H.V. Klapdor, Z. Physik A292 (1979) 73 
2. D.W. Dorn, R.W. Hoff, Phys. Rev. Lett. V± (1965) 440 
3. H.V. Klapdor et al., Phys. Lett. 78B (1978) 20, Z. Physik A292 (1979) 249 
4. H.V. Klapdor, C.0. Wene, Astrophys. J. 230 (1979) L113 
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INVESTIGATION OF THE 6 + DECAY OF 1 0 5 » ! »6 . 1 0 6 J n ^ p ioo,102 A g 

I.N. Wischnewski, H.V. Klapdor, P. Kofahl, H. Fromm, W.A. Zheldonozhski5 

' l n ( 5 + , 6 + ) , 

Max-Planck-Institut fiir Kernphysik 
Postfach 103 980 
D-6900 Heidelberg 

Germany 

Low-lying high spin states in the nuclei 1 0 5In(9/2 +) l° 6In(6 +), l 0 

1 0 0 A g ( 5 + ) , 1 , , 2Ag(5 +) were selectively populated by 9°Zr( 1 9F,xnY), 
9 2Mo( l 9F,2pnY), 9 2Mo( I 2C,pxnY), 9°Zr( 1 9F,a3nY) at E l a b = 72 and 66 MeV and 
their B + decay was studied by observing the v rays following the 8 decay with 
an Anticompton y spectrometer. This investigation was undertaken in continua
tion of nuclear structure studies in neutron-deficient even-even nuclei near 
Z = 50 ') and of work on the B-strength dis- B[ 
tribution and its consequences for astro-
physical problems2). Many new y transitions 
were found, the level schemes of 1 0 0« 1 ( l 2Pd. 
105 106 lOBf.. i „ , . , j, , ' 

> > Cd completed and log ft values 
determined; from the latter, spins of the B-
decaying states and of levels in the daughter 
nuclei were deduced3). Figure 1 (1.) shows 
the results for 1 0 5 I n , Figure 2 (r.) the 
measured 6 strength functions for 1 0 2 A g and 

> In. The result for I 0 5 I n may be com
pared with the prediction of ref. '*). Only 
the lower parts of the GT strength distribu
tion as calculated by ref. 5 ) are probably 
observed, except for I 0 2 A g where the total 
strength seen around 2.5 MeV amounts to 
log ft = 4.2. 
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5 Institute for Nuclear Research, Ukrain. Acad. Sci., Kiew, USSR 
1. W.W. Babenko et al., Isv. Akad. Nauk 42 (1978) 84 and 94 
2. H.V. Klapdor (ed.), Report MPI H-1979-V13. H.V. Klapdor et al., Z. Physik 

A292 (1979) 249, Astrophys. J. ̂ 30 (1979) Ll 13 
3. I.N. Wischnewski et al., MPI Annual Report 1979 
4. A.A. Bykow, Yu. Naumow, Isv. Akad. Nauk 42 (1978) 1911 
5. A.A. Kuliew et al., Isv. Akad. Nauk Aserbeidsch. SSR 1 (1976) 86, Yad. 

Fiz. 24 (1976) 278 
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ON THE S : BRANCHING FROM 7 5 G e m 

S. Meric-Barkan* 

University of California 
Lawrence Berkeley Laboratory 
Berkeley, California 94720 

The energy levels of As have been studied in a wide variety of 
nuclear reactions with 5As and 7 4Ge targets as well as in the decay 
of ^Ge and '^Se a n d 75g.em_ There has been evidence for B- decay of the 
7/2 isomeric level of 7 5Ge to the 400.6 keV J ) level of 7 sAs which is 
not consistent with preliminary observations that led to the present 
experiment. 

The y- transitions exhbiting the 48.2 s half life of Ge produced 
in the reaction '^Ge (n,Y] are investigated with natural and highly 
enriched targets bombarded by thermal neutrons. The Y- ray spectrum 
was examined from 6 keV up to 1.8 MeV energy range with silicon X-ray 
and GefLi) Y-ray detector respectively, using a multiscale data acquisi
tion and analysing system. Th" Y-ray spectrum was taken with a 99.99% 
enriched, chemically purified 7 4Ge target, irradiated at High Flux 
Reactor at LLL. The Y-ray intensities were corrected for absorption 
in 1/16" lead which was placed between the source and the detector to 
improve the detection of higher energy, weak Y-radiations, compared to 
the intense 139.8 keV (IT) y-rays. 

The energies, relative intensities, and the measured half lives of 
short lived transitions assignable to the decay of 7^Ge m are given in 
Table 1. The intensities are normalized to 100%/(l+<xjp ) for the 
140 keV isomeric transition. 

Table 1. Y-rays assigned to the decay of Ge 
EY(keV) Photon Intensity, % *, fs) Pi i £_Lj_ log ft 

in percent luin 
24.2 42.9+5 

140.0 39.2 48.2±0.2 
280.1 0.019 50.3±2 
304.5 0.0021 51.0+9 0.021 6.5 

As seen all 24, 279,304 keV Y" r ays decay with a compatible life time 
to that of 139.8 keV and no 400 keV short lived y-ray is observed. This 
indicates a direct B- transition to the level of 279 keV(5/2 ). 

The intensity balance confirms S- feeding to 304 keV level as well; 
in particular no 48 s component was found in the 264.7 keV transition 
indicating that the latter was not populated by a short lived transition 
of 136 keV from the deexcitation of supposedly S- fed 400.6 keV level 
as previously reported. 

* Guest Scientist at LBL 
1) P. Bhattacharyya et. al., Nuovo Cimento 31A, 519 (1976). 
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242 + DECAY OF NEW HIGH-SPIN ISOMER: 5.5-min Np 

E-M. Franz, S. Katcoff, P. P. Parekh, and L. K. Peker 

Brookhaven National Laboratory, Upton, New York 11973 

Discovery of 16.8-min ~U and its 2.2-min Np daughter (I = 1 ) 
was recently reported. ) By analogy with the two known isomeric states of 
240Np a high spin isomer was also expected for 2*'Np. Therefore targets 
of 244p u w e r e irradiated with neutrons up to 200 MeV at the Brookhaven 
Medium Energy Intense Neutron facility (MEIN); then neptunium activities 
were rapidly isolated by means of thorough chemical separations. In 
addition to many peaks in the Y~ r ay spectrum assigned to known isotopes 
of neptunium (mainly 239np, 240Np, and 241{jp) at least four new lines 
were clearly observed and they decayed with Tî  = 5.5 ± 0.2 min. Portions 
of this spectrum are shown (left Figure). The proposed decay scheme 
(right Figure) shows not only the K = 0 ground state rotational band 
with I = 2 +, 4 +, and 6 + levels of ^^Pu t,ut a i s o t h e i o w e s t two-neutron 
level (at 1091.9 keV) with K = 6 + and the configuration 5/2 +[622] n: 
7/2 +[624] n. Because of strong K-forbiddeness for 7-ray decay (AK = 6) 
this level is expected to have a lifetime as long as 10~3 to 10 -^ sec. 
Analyses of log ft̂  values in the 8 decay of both 242^p isomers (2.2 min 
and 5.5 min) lead to assignments of I71 = 1 + and I 1 7 = 6 , respectively, 
both belonging to the same configuration: 5/2+[642] ; 7/2 +l624] n. 

HN»,.H * / I * [ « « L ; 7 ' 2 * t K 4 l 

6* * & 

ID 10
0 

•*•[«*]. 7/2*[62 

6* # 306.2 

A* ». £ 147.2 

R e s e a r c h suppo r t ed by t h e U . S . Department of E n e r g y . 
1) P . E. H a u s t e i n , H-C. Hseuh, R. L. Klobuchar , E-M. F r a n z , S . Ka tco f f , 

and L. K. P e k e r , Phys . Rev. C _19 (1979) 2332. 
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DECAY OF 14.1-h 2 4°U and 7.22-min 2 4°Np m 

H-C. Hseuh, E-M. Franz, P. E. Haustein, S. Katcoff, and L. K. Peker 

Brookhaven National Laboratory, Upton, New York 11973 

Previous work on 14.1-h U showed that it decays by B-ray 
emission (F^^ = 0.36 MeV) to the low spin isomer 7.2-min ^^Np 1 1 1. Since 
copious y-ray emission (E Y up to 2 MeV) follows decay of the daughter 
240flipin, any low intensity y rays from the parent 240JJ m a v ^ e e a siiy masked. 
In the present study 240u w a s obtained as the ot-decay product from 200 mg 
of highly enriched ^ Pu. The uranium was separated and adsorbed on an 
anion exchange column; its y radiation was measured with a Ge(Li) detector 
while the Np daughter activity was being eluted and flushed away continuously 
with acetic acid. Thus the Y-ray spectrum of 240y w a s obtained almost free 
of radiation from ^^^Np m, and a substantial number of new y rays were 
revealed. These are listed in the table; the intensities, I , are given 
as y rays per 100 disintegrations. A few of the transitions had been 
erroneously attributed before*' to decay of 2^"Npm. Most of the y rays 
are accommodated into the proposed (tentative) decay scheme. 

Detailed study of the purified 240fjpin daughter activity showed: 
Tij = 7.22 ± 0.02 min; absolute intensity of the 554.6-keV y ray is 
(20.6 ± 0.5)%; Ey and l y values for about 70 transitions agree very well 
with earlier work 1); 29 additional transitions were found; ten new levels 
are indicated for 240p u TJ w a s deduced that the 7.22-min Np isomeric 
state has 1 = 1 with possible configurations 5/2 +[642] p; 5/2+[622]n, 
K = 0 o r 5/2~[523] ; 5/2 +[622] n, K = 0~. 

44.1 1 1.05 5 
49.1 2 0.007 2 
50.3 2 0.005 1 
66.5 1 0.154 5 
78.1 2 0.004 1 
82.6 1 0.014 1 

128.3 1 0.087 2 
145.4 1 0.081 2 
167.3 2 0.008 ] 

169.2 1 0.115 8 
189.7 1 0.24 1 
203.9 2 0.005 1 
212.3 5 0.0015 3 
255.6 2 0.0040 3 
280.1 1 0.016 1 
294.8 3 0.0019 4 
299.8 2 0.013 1 

38 

log ft 

t . . d&frfc X+299.8 
1 ^ -- '!,*> 

1 

-
X+280.0 

&&$& X+189.6 

:: :: ': : : 
•-

« P > V , x + m - 6 

L-frr=r-=<XH\0.6 (1) 
(01 

6 " ' 

:: :: ': : : 
•-

L-h-ii ftl__X±SL6 

6 1 ' | 7.2 mm X 
(51 / " — i d \ B 2 mm 0.0 

> „ 

Research supported by the U.S. Department of Energy. 
1) M. R. Schmorak, Nucl. Data Sheets 2fi (1977) 165. 
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CCI'HTBUTIor 0? 2ITD ORDER SORBIEDSIT MATRIX BIuiEENTS 
I " ALLOWED BETA TRAITS ITIOTTS: 

B.P .Singh and H.S. Eahiya 

Denar tnent of P h y s i c s , Un ive r s i t y of Roorlcee.Roorkee-India 
247672 

F i n i t e -value of angu la r c o r r e l a t i o n c o e f f i c i e n t 

by beta-gamna angu la r c o r r e l a t i o n i s w e l l e s t a b l i s h e d by 

exper imenta l f i n d i n g s . The c o n t r i b u t i o n of higher order 

forbidden m a t r i x elements i s t h e r e f o r e t o be cons idered . 

Consider ing t h e conserva t ion of p a r i t i e s of t h e exc i ted s t a t e s , 

teh^^awtgibutfram of 2nd order forbidden mat r ix elements ; r c 

< i a . r > , < r 2 > , < 6 ~ T >, < ( C i > ) r > , < i * j r r > and < c x r > . 

may c o n t r i b u t e . In t roduc t ion of t v ^ " e n r . t r i x elements fo r 

t h e i n t e r p r e t a t i o n a u t o m a t i c a l l y r e q u i r e d two c o n s i d e r a t i o n s . 

(1) momentum type m a t r i x elements t h e r e b y conservat ion of 

v e c t o r c u r r e n t s (2 ) nuc lear s t r u c t u r e f a c t o r . Therefore 

i n t r o d u c t i o n of t h e s e two v a r i a b l e s in t h e r e s u l t and a l s o 

enhancement and r e t a r d a t i o n of the t e rms a r e considered 

and p l o t t e d . The b e t a decay from t h e fol lowing n u c l e i 

a r e taken for t h e s e s t u d i e s . 
134 154 124 „ H O n 6 0 58 56 22 152 

Cs , Eu , Sb , Ag , Co , Co > c ° ' L a ' 

56 24 
lin , and JTa . 

I t i s found t h a t t h e conserva t ion of vec to r cu r r 

en t t h e o r y of Gell-Iiann i s t o be cons idered t o expla in t h e 

f i n i t e , value of angu la r c o r r e l - t i o n c o e f f i c i e n t s . 
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SYSTEHATICS OF LOG FT VALUES IN B-DECAY + 

H . B e h r e n s , P . L u k s c h , H . W . M Q l l e r , J . W . T e p e l 

Fachinformationszentrum Energie, Physik, Mathefeatik 
Kernforschungszentrum 

Karlsruhe 
Since the last systematic study of log ft values in beta 

decay for use in the assignment of spins and parities to nuclear 
levels appeared several years ago*), a wealth of new experimental 
information has become available, justifying a reexamination of 
the currently accepted rules. We have extracted over 1400 log ft 
values between states of known spin and parity from the Evaluated 
Nuclear Structure Data File (ENSDF) and classified these accord
ing to their degrees of forbiddenness. From these values we re
jected (1) transitions for which the Jit involved were deduced 
from log ft arguments, (2) transitions for which the level feed
ing was known to less than 50% precision, and (3) very weak 
transitions with a feeding of less than 0.1%, since the latter 
were often found to be unreliable. Since the log ft distributions 
in the strongly deformed rare earth region, and in particular for 
the even-mass nuclei, differed considerably from those in the 
non-deformed regions, the even-mass nuclei with A=152-182 were 
excluded from the present analysis. The resulting log ft distri
butions are shown in fig.l. Chi-square type curves were fitted to 
the distributions by scaling and comparison of calculated and ob
served 3rd moments (skewness) of the distributions. Numerical 
results are given in Table 1. 

Table 1 

Transition 
(Ajir ) 0,1+ 0,1- 2-

Number of 
logft values 564 325 77 

Degrees of 
freedom 30 30 7 

Mean 6.0 7.7 9.6* 
a- 1.2 0.9 0.65 

5% limit 4.2 6.3 8.9' 
50% limit 5.9 7.6 9.8' 
95% limit 8.1 9.3 10. 7 5 

log fjt values 
No significant violations of the existing rules were found in this 
study. Despite the presence of various hindering mechanisms it has 
been demonstrated that log ft values belonging to certain categor
ies of forbiddenness group together in reasonably narrow intervals. 

1.S.Raman and N.B.Gove, Phys.Rev. C7̂  (1973) 1995 
+ Supported by the Bundesministerium fur Forschung u n <^ Technologie 
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DIRECT MEASUREMENTS OF THE A,-PARAMETER IN B-DECAY 

L. Vanneste*, C. Nuytten, J. Geenen 
Instituut voor Kern- en Stralingsfysika, 

Leuven University, B-3030 Leuven, Belgium 
Most of the information on the A, parameter in B-transitions up-to-now 

has been obtained from B-Y (CP) measurements. This technique is restricted to 
the study of B-transitions feeding excited levels : a relatively small number 
of transitions has been studied, however repeated by many groups and leading 
to some large discrepancies. Direct B-anisotropy measurements using oriented 
nuclei have been perforemd rarely and often lead also to large discrepancies 
due to uncertain scattering corrections. 

We have demonstrated that using a combination of ion implanted sources, 
continuous low temperature orientation (with 3He-^He refrigeration) and the 
use of energy selective electron detectors, it is possible to determine A, pa
rameters accurately without resorting to various scattering corrections. To 
prove the validity of the technique, tests have been performed on several pure 
G.T. transitions!), which show complete agreement with the theoretical value, 
in the assumption of complete parity violation : hence more stringent restric
tions on the value of Gn can be obtaind from these measurements than hitherto 
possible. 
Here we report applications to the determination of the y-parameter (Fermi/ 
Gammow-Teller ratio) in some isospin-forbidden J->-J transitions. As test we 
first studied the mixed transitions in 5 Co for which we obtain y = -0.012(9) 
compared to the average of a large number of B-Y (CP) measurements y =-0.003(4), 
as evaluated by S. Raman et al 2'. For another well-studied transition in 5 ZMn 
we obtain y = -0.11 (2) in disagreement with the value of the compilation of . 
ref.Z), y = -0.03(2), but in agreement with the value of another NO experiment ', 
y = -0.131(24). This leads to a much larger isospin impurity than previously 
accepted ; hence it makes ^Vir\ a good candidate to search for a complex phase 
in the F/GT ratio, which could be explained as a manifestation of T-violation, 
using e.g. B-y correlation on oriented 52M n4). 

x Bevoegd Verklaard Navorser N.F.W.0. 
1) R. Geerts, C. Nuytten, E. Schoeters, R. Silverans, L. Vanneste, Phys. Rev. 

C20 (1979) 1171. 
2) S.Raman, T.A. Walkiewicz and H. Bahrens, Atomic & Nuclear Data Tables 16 

(1975) 45. 
3) S. Wung, Phys. Rev. C14 (1976) 1162. 
4) F.P. Calaprice et al., Phys. Rev. C15 (1977) 381. 
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A NEW MEASUREMENT UK THK MUON CAPTURE RATE IN LIQUID HYDROGEN 

C. Bardin, A. Eertin , J. Durlos? A. Nagnon, .1. Martino , 
D. Measday" , M. Pic inini ~", A. Kienter' , A. Vi tale*, K. /..iv,itt ini • 

DPh-N'/HE, CEN Saclay, HP 2, 91190 Gif-sur-Yvette, France. 

Using the pulsed structure oi the Sac lay l.innc, we have been able to com-
pare the u+ and u~ 1 i ret imes in liquid hydrogen with a h i gh accuracy and I o 
deduce the capture rate. This technique avoids the well known limitations 
inherent to the absolute yield measurement of the "i MeV capture neutrons. 
The y~(u+) flux is stopped during the 3 us beam burst in a cooper (high /.) 
spherical target filled with 8 liters of deuterium-free (protium) ultra pure 
liquid hydrogen. The decay e~{e+) are observed in a gate following the beam 
burst by 6 plastic scinti1lator-telescopes. From the present data we get : 

T^ + = 2197.18 * .12 ns 
T U- = 2194.90 J .07 ns. 

Including the world average i p+ = 2197.134 + .077 ns we find for the rapture 
rate in liquid hydrogen : 

>c = 459 • 21 s _ 1 

where corrections for the effect of binding of the ;."" and a small deuterium 
contamination have been applied. 

The interpretation of \ c in terms of ortho-('om) and para-('.pm- * o m) cap
ture rates, relevant for the pup molecule requires the exact knowledge of the 
initial state of pup during measurement. This molecule is formed in the ortho 
(I = 1) state and it has been assumed unt i1 now that the t rans i t i on rate 
(> o p) to the para (1 =0) state is negligible compared to the i. decay rate ••„. 
Such a transition is most easily observed in the capture neutrons time dis
tribution. For this purpose we detect the low energy neutrons in a set of 
6 liquid scintillators, using the technique of pulse shape discrimi naii on to 
reject the intense photon background. We have found that the neutron yield 
decreases faster than the electron one. This effect is interpreted as an 
ortho-para transition at a rate >0p= (5.0 ± 2.0) ' 10^ s~'. \ n m is then found 
larger than * c by an amount of 90 ± 35 s~'. Improved data on this transition 
effect will be available at the time of the conference. 

Permanent addresses : 
'Istituto di Fisica dell'Universita di Bologna, Italy. 
Triumf, Univ. of British Columbia, Vancouver 8, B.C. Canada. 

' Istituto Nazionale di Fisica Nucleare, Sezione di Bologna, Italy. 
_Jl^';"^Institut fur Kernphysik der Technischen Hochschule, 61 DnrmsLadt.Germany. 
1 ' CERN, 1211, Geneva 23, Switzerland. 
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ALPHA DELAY HALF LIVES FOR HEAVY AND SUPERHEAVY NUCLEI 

A. ^ a n ^ u U : : c u 

i ' l i ' i l l u i ' . f s r ' i j c l - . d r P h y s i c s ana L-> g i n e e r i n g 
" - / • - j i i E-. uC i iun .s t , K u n . j n l a 

1 ) 
Wt, sugge s t e d ; . r - - v i c e s l y t h a t a l p h a decay i s a f i s s i o n 

. r-'~--_<s ^ i t h mass and c n a r g e -uen s i t y as ymrne t r i e s , w ' l i c'; a re r o s " 

. : _ 1 ^ due. t c . j t r c e 3':.= 11 e . f f i c t s . In t h i s way i t was O L t a i n e d 
; :d j ^ r j L r t n t c f t h e o r e t i c a l h a l f - l i v e s w i t h e x p e r i m e n t a l ones 
: s r :, d a l p h a e m i t t e r s r a n g i n £ f r o r r Z = 84 t o 102 . Tne p u r p o s e o f 
.•• i s w o r k i s t o e x t e n d t h e c o m m u t a t i o n s t o t h e r e g i o n o f heavy 
Hid r.upu rn-j av ., n u c l e i (^ = 1u4 - " 2 J ) . 

I he r r j c r o r . c o p i c i / i t r g j was computed i n t h e f r a m e w o r k c f 
... r s - J». i dtt:CK i l i u u i d t j r up m o d e l t J u x t u n d e a t o sys tems w i t h a i f -

f- !'• . n t c h a r g e d e n s i t i e s . Tin. Q - v a l u e s used f o r c o r r e c t i o n 
n e r g ,• were t a - . ' i . f i u i * r e f . 1 ^ ' . 

A j - rn . : i r . t v i : r j t i on ene rgy o f J . 4 Me V was usee t s compute 
'. '•_ i l ; n a -.a I f - ': ! v t _. j n . j can ; t t en t h e f i g u r e , t h a t n u c l e i 
•. i t h c r s t o n numbers .' i n e x c e s s o f 114 , d e c a y p a r t i c u l a r l y f a s t e r . 
. '. . t h e • jir.Ls r o f n e u t r o n - . 

! c r sciw. i s o t o p e . 
. f t~-_ i. U -n - tn t . 1 J 4 , 
I - - . , ar.d 1 j d , wo 

J0E- • «/> 
- — this work 

i • - • , 

. , 5 1 r i : ve S 
o j t In 

.e-_ r a i t h e : , r e s e n t 
r . ' . j l t L a re mon. o u t i -
• i s t i c ( a ' . o u t an o r d e r 
_ f m a g n i t u d e l a r g e r ) 
f c r s u p e r n e a v i e s . 

A l t h o u g h we can 
j u u v e r y p r o n o u n c e d 
s h e l l e f f e c t s f o r 
e v e n - e v e n d c u t l e magic 
d a u g h t e r n u c l e i . When 
f i s s i o n and Deta d e 
cay modes a r e a l s o 
t a k e n i n t o a c c o u n t , 
t h e n u c l e u s " 11J has 
tne l o n g e s t c a l c u l a t e d 
t o t a l h a l f l i f e . 

1 . ' J . ' l . P o e n a r u , 

:'. . P"ys . s_ ( 1 JU J ) 
, s . ±4 I 1 j 7 j ) J 1 / 
. . '*' ye. r ' j , *•;. 2 . 3w i a" 
. . P o e n a r u , U. "a . " i 

r.. .. . i : s« t , 
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ALPHA-DECAY : ASYMMETRIC SPONTANEOUS FISSION 

M. K. Basu 

Department of Physics, 
University College of Science, 
Calcutta-700009, INDIA 

Spontaneous f i s s ion-charac te r of «-decay f i r s t revealed i n the p ic tu re 
of K-decay due to Basu 1) and f i n a l l y confirmed 2) with Bohr-Wheeler f i s s ion 
theory perhaps lends a new d i rec t ion and purpose to the stud;- of «-decay phe
nomenon. Studies i n t o t h i s neu aspect have been successful ly ca r r i ed out for 
even-even and even Z-odd N <x-emitters. Present report i s a comparative study 
of f i s s ion -cha rac te r of odd Z-even H cx-eiaitter3 in the l i g h t of B-W f i s s ion 
theory and t h e present theory of a-decay. 

Log T-^a-decaj') v s . Z*/A p l o t ( f i g . 1 ) exhibi ts c l e a r l y f i s s ion -cha rac te r 
of cn-decay of t he nuc le i under s tudy. In each of Bi and At s e r i e s , while Z*/A. 
values in H>126 arm are lower than those in N$126 arm, corresponding T i va
lues i n t he former are also lower than those i n t he l a t t e r . This i s anomalous 
being contrary t o t he t rue import of t he f i s s i l i t y parameter increas ing 
values of which should cause decreasing T-?7 values of n u c l e i i n the same s e 
r i e s . This anomaly i s obviously due t o f a i l u r e of Z /A to t ake i n t o account 

two d i f fe ren t s t ruc tu re -e f fec t s on e i t h e r side of K=126 influencing oc-decay 
process . Log Ti(«-decay) v s . E C O ul( 'aax)/Ecore ( f i s s i l i t y parameter fora-de'cay 
in t )ds theory? p l o t ( f ig .2) also shows f i s s ion-charac te r of «*-decay of these 
nuclei with t he anomaly well explained. Clearly in t l i is fi<-. lover T->. values 
in II>126 arms are due to values of t h i s r a t i o lA;;'her than those i n Kj126 arms 
with higher T i va lues . This i s i n keeping with the advocated mechanism of « -
decay 1 ) t h a t excess of coulomb repuls ive energy Ecoul(max) eacrc in r between 
t ransf orainE * d u s t e r and core over a t t r a c t i v e core- in te rac t ior . E c o r e i s the 
cause of tfrdecay. This r a t i o unl ike Z a /A i s evidently capable of taliinr; in to 
account r i j j i t amount of E c o u i (max) and Score operative s p e c i f i c a l l y in the 
i*-decay node of each nucleus, oi-deca;- r ad ius , daughter radius ano dau~ t e r 
ra.iius constant of these nuclei ca lcula ted in t h i s p ic tu re l i e in the ranees 
of 9 .5-7.3 f = . , 7 .C-5.3 fn and l . r : -1.o f a . , r espec t ive ly . 

1. .:.:;.Easu, ' :uc l .?hys . L Solid S ta te Fhys. ( I n - i a ) , JL2A (1976), 87 
2. ...>..basu, Pramana 2 (1977) 149. 
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A I d * THEORY OF ALPHA-DECAY 

1*. K. Basu 

Department of Physics, 
Universi ty College of Science, 
Calcutta-700009, HIHIA. 

Gamow theory of c*-decay and i t s var iants are constrained by i t s bas ic 
p o s t u l a t e of pre-exis tence of ttf-partieles to consider * f omat ion and t*-emis-
sion as two independent p rocesses . Eut, as pointed out by Bethe and Frenkel 
soon a f t e r neutron discovery, an <*-particle i s formed out of tuo neutrons and 
two protons in the process of emission from the r e m i t t e r . i*-Formation and <*-
emissicn a r e , i n other words, one and the sane p roces s . 

This comment provides t he motivation for an ab i n i t i o invest igat ion in to 
the fundamental i n t r a -nue lca r process of ot-formation and ot-enission v i thou t any 
assumption or approximation, whatsoever. 

To evolve a p ic tu re of oedecay fron the ro l e of an ofcluster in the decay 
-p rocess , a mass-relat ion ' ' ) i s derived to ca lcu la te t he cor rec t t tc lus te r inf ; 
energy ( i c i ) of and a t t r a c t i v e core-inter . ic t ion ( B c o r e ) on the l a s t £n-£p 
sub-system ins ide the nuc leus . 

Las t 2n-2p sub-system in the lev density surface-region i s then der ons -
t r a t e d t o be the const i tuents of the of-particlc emitted by .m *e r , i t t c r in i t s 
r . s . decay. As t h i r sub-system i n the c l u s t e r - s t a t e EQJ i s forced by i t s 
inheren t tendency aided by the * i n s t a b i l i t y of the nucleus to switch over t o 
a pe r fec t otpart iclc (v i th binding enerQ- B(*)) , t he amount of evolved energy 
=l3ci-B(<») i s found jus t equal t o the top of the coulomb-barrier 3 c o u i ( m a x ) . 
The nascent ofoart icle, t he re fo re , finds i t s e l f atop t h e b a r r i e r aid hence 
outs ide the daughter nucleus without tunneling, ^houfh efflitted fro:: atop 
S c o u l ( a a x ) , t h e ^-part icle has only the observed k i n e t i c er.erQ' because of t he 
background a t t r a c t i v e 3 c o r e . <*-f oraat ion and *emission thus cone out to be one 
ar.c t he sane process . The condit ion l!^-E(«) = E c o u i ( m a x ) y ie lds an e g r e s 
sion for otdecay radius and a lso fo r »pre-formation p robab i l i ty which r i v e 
values of these two parameters i n n ice agreement v i t h experimental da ta . 

o t - ins tabi l i ty of the <*end.tter i s then i d e n t i f i e d with a p re fe ren t ia l 
auto-coulomb exci ta t ion S c o u i ( m a x ) between the m-cluster and the core which, 
i n competition with the a t t r a c t i \ ' e E C O r e , i s demonstrated t o be the cause of 
(^-formation and remiss ion. S c o r e obviously ac ts as a b a r r i e r t o t h i s p rocess . 

The p ic tu re of (*decay thus evolved has been d e t a i l e d in r e f . 2 ) . 
This p i c tu r e , i n sliort, revea ls the following e s s e n t i a l fea tures . (l)An 

<<-particlc i s const i tu ted of l a s t two neutrons and l a s t two protons in the 
process of eirdssion ra the r than pre-ex is t ing as a permanent en t i t \ ins ide 
t he nucleus p r io r t o emission.(2) oteaission takes p lace over the so-cal led 
coulomb—barrier r a the r than tunnel ing through i t . (3) Coulomb repulr ive enerfy 
eaerginn between tlie transforsr-inc otcluster and v i r t u a l dau- h ter i s r a the r 
the cause of oHiecay than a b a r r i e r to i t . These f e a t u r e s , in d i rec t con t ra 
d i c t i o n v i t h Canon theory, s u r e s t t h a t wdecay should be a case of spontane
ous f i s s i o n . I t has , indeed, been de: onstrated3) x'ith Bohr-l/heelcr theory of 
f i s s i o n t h a t ofrdecay i s a d i s t i n c t case of Idriily asyi-Jnetric spontaneous f i s 
s i on . 

The present repor t i s intended to describe e s s e n t i a l features of t ; d s 
nov theorj of *decay v i s - a - v i s those of other e rd s t i n f models. 

1. . . .]. .Easu, Fhys.Rev. C6 (1972) 476. 
2 . .i.l-..£aou, hucl .Fhys. i- Solid St-\te Fhys. ( India) VzA (1976) 87 
3 . ...i .Panu, Franana ° (1S77) U 9 . 
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In-Beam a-, y-Spectroscopic Study on 2 1 1 ,Rn 

Y. Gono, K. Hiruta, T. Nomura, M. Ishihara, H. Utsunomiya, 
T. Sugitate and K. Ieki 

Cyclotron Laboratory, The Institute of Physical 
and Chemical Research, 

Wako-shi, Saitama, 351 Japan 

Stimulated by the observation of ci-particles deexciting 8 isomers in 
N=128 isotones, 2 1 6Ra(ref. 1) and 2 1 2Po(r°f. 2), a- and y-rays from excited 
states in Rn have been studied using in-beam spectroscopic techniques. 

An enriched target 2 0 B P b of 1<1 mg/cm2 was irradiated with 79 MeV l 2 C 
beam from the IPCR cyclotron. The discrete a- and y-rays following the 
i 0 8 P b ( l 2 C , a x n ) 2 l & Rn reaction were measured in coincidence with evaporated 
a-particles which were detected by a counter telescope of Si detectors 
(AE; 450 mm 2 x 50 um, E; 450 mm 2 x 2000 um). New a-lines of 10.46 ± 0.03 
and 10.63 ± 0.03 MeV were observed and attributed to decays of the excited 
states in 2 ) 1*Rn. Their intensities were obtained as 2.2 i 0.5 and 4.3 ± 0.7, 
respectively, normalizing the intensity of known ground state a-decay in 
211,Rn(9.04 MeV) to be 100. Four y-rays of 182, 302, 446 and 696 keV were 
assigned to the (8 )-(6 )-(4 )-(2 )-0 cascade transitions in 211*[ln. A 
half-life of (8 ) state was determined to be 7.3 ± 1.5 nsec utilizing a 
delayed coincidence between the evaporated a-particles and these y-rays. 
The resulted level scheme of Rn is shown in figure where the a-energies 
in parentheses are those corrected for recoil and screening effects. 
Reduced a-decay widths (y 2 ) calculated after Rasmussen's paper3' and 
B(E2; 8+6) values for N=128 isotones 
are summarized in table. 

Y 2(keV) B(E2;8+6) e2lmk 

2 1 2Po(ref. 2) 5.0 ± 1.2 630 ± 150 
2 1 l*Rn 3.2 ± 0.6 322 ± 64 
2 1 6Ra(ref. 1) 0.48 ± 0.05 152 ± 17 

1. T. Nomura et al., Nucl. Phys. A217(1973)253 
2. R.H. Lieder et al., Phys. Rev. Lett.41(1978) 

742 
3. J.O. Rasmussen, Phys. Rev. 113(1959)1593 
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a-DECAY SYSTEMAT1CS IN THE LEAD REGION 

M. R. Schraorak 

Physics Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

This report is part of a survey ') of nuclear level properties in the 
lead region. 

For even-mass Po, Rn, Ra, and Th isotopes, the probability of a-decay 
as a function of Ea consists of two separate branches for neutron numbers 
N < 126 and N > 126. The hindrance factors (HF) for other a-groups is 
defined relative to these 0 + to 0 + a-transitions. These hindrance factors 
exhibit remarkable regularities in the lead region. 

In odd-mass nuclides in the mass range 191-213, HF for all the 50 known 
favored transitions are in the range 1.1-1.6 (except for four P1/2 state 
decays, where the range is 1.4-2.2). The decay probability to other single-
particle states is characteristic of each configuration. Data involving two 
or more nuclides are available for the a-decays of \>3pi/2> V^5/Zi u2g 9/2, 
and Trlhg/2 configurations. For example, all four nuclides with a g 9/2 •* 
P!/2 decay ( 2 1 1Po, 2 1 3 R n , 2 1 5 R a , and 2 1 7Th) have HF = 100 within 10%-Z5* 
accuracy. 

In odd-odd nuclides in the mass range 190-214, all 20 known favored 
transitions have HF-values in the range 1.5-S.O. a-groups connecting differ
ent shell-model configurations are known for the following states: (iilhg/2) 
(v2gg/2)l-,9-; (irlh9/2) 03p!/2)S +; and (nlh 9/ 2) (\>2f 5/ 2)5 +,6 +. The strongest 
unfavored transition in each decay is usually a no spin-flip transition. In 
most cases, the L-values for such transitions are the same as for the corre
sponding odd-mass nuclides. In these cases, the HF-values are higher for 
the odd-odd nuclides by factors of 1-7 (for relatively pure configurations 
the range is 1-3). For example, the 2 1 2 A t isomer (irlhg/2) (v2gg/z)9~ a-group 
to 2 0 8 B i (Ttlh9/2)(v3p3/2)6+ has HF = 29, compared to HF = 17 + 2 for the 
corresponding odd-mass (2g 9/ z) "+ (3P3/2) a-decays. 

With the onset of deformation for A > 213, the large difference between 
favored and hindered transitions diminishes. For each a-decay in this tran
sition region, several a-groups with HF in the range 3-10 typically occur. 

The longest lived nuclide in the lead region is the 3><106-y 2 1 0 B i 9" 
isomer. Both the proton and the neutron closed shells are crossed in this 
a-decay, resulting in HF-values of =10 5. 

The remarkable regularities of a-decay in the lead region enable us to 
make numerous predictions about half-lives, a-decay branchings, and a-group 
intensities to known levels in the daughter nuclei. These systematics can 
also be used for assigning spins and parities, and may provide a clue to the 
purity of the shell-model configurations. 

The data pertaining tc a-decay to more complex states, such as weak 
coupling multiplets, are rather sketchy, and no systematic features can be 
perceived to date. 

•^Research sponsored by the Division of Basic Sciences, US Department of 
Energy, under contract W-7405-eng-26 with the Union Carbide Corporation. 
1. M. R. Schmorak, Systematics of Nuclear Level Properties in the Lead 

Region, Nuclear Data Sheets, to be published. 
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ALPHA RADIOACTIVE ISOTOPES PRODUCED IK IhTERACTlOZF OF 
ee v,ev/u 12c on VEDILV A::D HEAVY TARGETS 

J.I. Dufour,E. DeLagrange,A. Fleury, Ruber: cuaacr,: Maukcurat 

ranges (cm ) 

2 

in N2 at 350 m bar 
A 6 

CEN dc Bordeaux-Gradianan 
33170 Gradignan France 

Alpha radioactive nuclei were produced ty reactions of various targets 
with S6 'AeV/u l^C from the CERK synchrocyclotron. The basic principle for 
product collection was the following : Recoil nuclei escaping from a solid, 
target were rapidly (10~? sec) thermalised in a gas (fU). Experimentally it 
has been shown that even after thermali 
zation at the end of their recoil paths 
these ions are not electricelly neutra
lised. One then takes advantage of this 
charge to collect them by an electric 
field on the surface of a solid state 
detector. 

We have measured relative values 
for the cumulative yields of residual *• 
nuclei with a-branching ratios greater • — 
than 1 % and half-lives greater than ".3 
0.5 sec. In some cases independant JJ 
and/or absolute yields could be obtained. 
For example, in Fig. I, is shown the 
recoil range distributions for several !£ 
nuclides !N=8S) which are 25-30 nucleonsS 
lighter than the target. Their mean — 
recoil energies are about 1/4 of the «-
energy corresponding to total transfer 
of the linear momentum. Furthermore 
the recoil energies are rather different 
for these neighboring nuclei and 
increase with the number of lost nucleons. 

Absolute cross sections have 
been measured for ^Ipy produced from 
targets of natSm, 181Ta, ^7Au and 
natpb. In Fig. 2 we show the observed 
cross section as a function of the 
charge difference between target and 
product. It seems that 30-60 nucleons 
can be lost giving final products with 
very similar cross sections. Never
theless, production is also observed for •* 
some nuclides with Z greater than that o/»5 
the target. Their cross sections are in 
the range of 10-100 ub. This is the case 
for 149<rb and ISlDy produced from Sm or 
for S06-308At from Pb.lhe recoil energies 
of these pvoducts of high Z are very small. 

This first view of heavy-ion reac
tions in this energy range indicates be
havior closer to that for relativistic 
energies than for the heavily studied 
range of < 10 MeV/u. 

10 15 
Fig. 1 1 :R< MeV) 

10 
3 

161 I Au 
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RELATIVE a-DECAY RATES IN THE Pb-REGION 
F.A. Janouch and R.J. Liotta 

Research Institute of Physics, S-104 05 Stockholm 50, Sweden 

The Nuclear Field Theory (NFT) method was applied to the calculation of 
the spectrum and a-decay of nuclei in the Pb-region: 2 1 2 A t , z l 2 P o , 2 1 2 B i and 

Rn. These nuclei with four nucleons outside the 2 0 B P b core were described 
as a two-boson system. 

The amplitude of a-decay can be written in the form Y L = Gi + G 2 • "here 
Gj + G 2 corresponds to different graphs contributing to the a-particle forma
tion amplitude inside the nucleus. (See e.g. Fig. 1 for the a-decay of 2 I 2At.) 
In the semiclassical approximation the a-decay constant is given by 
>L = Ŷif h - 2 PL , where PT_ is the Coulomb penetration factor. In our calcula
tions of Gj and G 2 all possible configuration mixings were automatically 
taken into account, changing substantially the previous shell-model calcula
tions 1). The radial dependence of Y L a n c i P L l s shown in figure 2 [transi
tion 2 1 2At(l") •+ 2 0 9Bi(7 +) + a ] . The tremendous dependence of YL on r is 
somewhat compensated by the corresponding dependence of PL on r. The a-decay 
constant plotted as a function of R has a maximum around 7.5 - 8.0 fm. 

The relative a-decay rates for different a-transitions in z l 2 A t , 2 I 2 P o , 
2 1 2 B i and 2 1 2Rnwere calculated. The results are in reasonable agreement 
with experimental data. 

F-UJ. J Graphical representation of the * 
amplitude of probability of a-decay. The 
a-particle is formed through (a) neutron- w'5 -
proton correlations (states in 2 1 0 B i ) , 
proton-proton correlations (states in 2 I 0 P o ) . 
Full lines - protons, dashed lines - neutrons. I i I i 1 

70 75 BO 93 SB Html 

F-ifl. 2 

1. E.M.A. Radi, A.A. Shihab-Eldin and J.O. Rasmussen, Phys. Rev. C15 (1977) 
1917. 
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THE Z2 DEPENDENCE IN DSAH AT LOW ION RECOIL VELOCITY 

M.F. da Silva, J. Varela and P. Bordalo 

Departamento de FTsica 
Laboratorio Nacional de Engenharia e Tecnologia Industrial 

2685 Sacavem - PORTUGAL 
There is a considerable amount of experimental data showing the effect of 

the so called Z2-oscillations of the nuclear lifetimes measured by DSAM, in 
the velocity region v/o<\%, where the electronic stopping is dominant. For 
lower recoil velocities y/cv. 0.1%, where the nuclear collisions are the 
dominant mechanism of the ion energy loss, the studies are not so abundant. 

This work presents part of a series of DSA measurements on 28si ions , 
with an initial velocity u=0.14%c, recoiling into six different backing 
materials. Thin targets (S4ug/cm2j of " A ! evaporated onto these backings 
were used. The 4.62 MeV state of 2 8 S i , populated by the Ep=767 KeV 2 7 A 1 ( P , Y ) 
resonance,was chosen for this study.The lifetime values were derived from the 
analysis of the 2.84Mev -y-ray to the 1st excited state recorded at Oo with an 
Ortec llOcc Ge(Li) detector and an energy scale of about 0.45 Kev/channel. 

Using the Monte Carlo technique ' ) , the classical LSS potential with the 
Bohr radius, and the Wilson, Haggmark and Biersack (WHB) potencial2) 
correponding to the "average screening function" were considered for the 
nuclear stopping. The electronic contribution is small and the LSS estimate 
was assumed correct. 

The results in the table show that both potentials predict a lifetime 
smaller than the adopted value, (63+3) fs, which is an average of DSA 
measurements^). Although the extracted value of the lifetime generally 
decreases with increasing Z2, the departure from a smooth dependence is just 
statistically significant. Detailed measurements on intermediate backings are 
required to establish the genuine character of these "oscillations". 

Table 1. DSAM Lifetime results (fs) for the 
28 Si 4.62 Mev level, obtained with different stopping materials 

Backing 
(Z 2) 

C 
(6) 

Al 
(13) 

Cu 
(29) 

Zr 
(40) 

Ta 
(73) 

U 
(92) 

LSS potential 
WHB potential 

49+3 
57+4 

45+3 
60+3 

36+3 
46+3 

51+3 
55+3 

46+3 
52+3 

31+3 
39+4 

1) J.M.G. Caraga and P.M. Correa, Nucl. Inst, and Meth. 155 (1978) 331 
2) W.D. Wilson, L.G. Haggmark and J.P. Biersack, Phys. Rev. B 15 :',P77) 2458 
3) P.M. Endt and C. Van der Leun, Nucl. Phys. A 310 (1978) 1 
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LEVEL STRUCTURE OP 1 8 2 W + 

• Ravinder Kaur,A.l£.iib.p..rma,3.o.3ooch,H.RJrerma and P.N.Trelian 

Department of Phys i c s ,Pan j ab Un ive r s i t y .Chand iga rh ( I n d i a ) 
182 The W nuc leus l i e s i n the s t r o n g l y deformed r e g i o n of 

t h e t r a n s i t i o n a l n u c l e i . A l a r g e number of l e v e l s t r u c t u r e 
s t u d i e s have been d o n e 1 - ? J i n o r d e r t o v e r i f y expe r imen ta l l y 
t h e t h e o r e t i c a l p r e d i c t i o n s for the n u c l e u s based on v a r i o u s 
n u c l e a r models. Since t h e r e e x i s t s a l a r g e number of i n c o n s i s -
t a n c i e s r ega rd ing t h e i n t e n s i t i e s of v a r i o u s gamma t r a n s i t i o n s 
i n t h e l e v e l scheme of 182w a s wel l a s t h e d i r e c t i o n a l c o r r e l 
a t i o n measurements on v a r i o u s cascades i n 1 8 2 > j t the p r e sen t 
s t udy f o r t h i s nuc l eus h a s been under taken from the B~deeay 
of ! B 2 T a . 

The r e l a t i v e i n t e n s i t i e s of 33 gamma t r a n s i t i o n s i n the 
decay of 1 8 2 T a have been p r e c i s e l y measured ( e r r o r 2 £ f o r 
i n t e n s e gamma rays ) u s i n g 64.1 cc Ge(Li) d e t e c t o r . The weak 
gamma t r a n s i t i o n s of energy 110.4-, 351.05 and 1180.7 keV have 
been confirmed from co inc idence measurements us ing (Je(Li)-Nal 
(T l ) f a s t - s l & v c o i n c i d e n c e s e t - u p ( 2 T = 6 n s e c ) 4 ) . 

The gamma-gamma d i r e c t i o n a l c o r r e l a t i o n measurements have 
been c a r r i e d ou t on 11 cascades us ing a 64 .1 cc Ge(L i ) -3"x3" 
H a l ( T l ) d e t e c t o r f a s t - s l o w co inc idence s e t - u p desc r ibed above. 
The 1181-255 and 116-1257 keV cascades have been done f o r t h e 
f i r s t ••"line. Based on t h e s e measurements, s p i n 2 + has been 
a s s i g n e d to 1510 keV l e v e l i n 1 8 * w . The m u l t i p o l e admixtures 
i n 10 gamma t r a n s i t i o n s have been found as g iven in the 
f o l l o w i n g t a b l e : 

T r a n s i t i o n M u l t i p o l e T r a n s i t i o n Mul t ipo le 
energy(keV) admixture energy(keV) admixture 
ITS SL+l l.0+0.5)'/« KZ Z5* Ml+^b.7b+i.7b)JC«J4 
152 E l + ( 2 . 5 + I " ° ) % M2 1113 E2 

156 E l+(0 .4+0 .4 ) % M2 1121 Ml+(99+ g) % S2 
179 Ml+(61 .5+5.5)£ E2 1181 Ml+{80.0+6.5)% E2 
222 El+(0 .25+0.25$M2 1231 M1+(8P.5+J;£)% E2 

Re fe rences 
1 . M.R.Schmorak, i luc l .Data Sheets 14 (1975) ?5g. 
2 . R . J .Gehrke , R.G.Helmer and R.C.Greenwood, H u d . I n s t r . 

and Methods 147 (1977) 405. 
3 . L.M.Quinones and Z.W.Grabowski, Nuc l . Phys . A.242 (1975)243 . 
4 . A.K.Sharma, Savind^r . iaur , H.R.Verma. K.K.our i and 

P . U . l ' r e . a n , J . P h y s . 3oC Japan 46 (1979$ 1057. 

+ Work supported by Na t iona l bureau of S t a n d a r d s , 
Washington D.C . , U .S .A . , 
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STATISTICAL MODEL TOR INTERMEDIATE-ENERGY NUCLEAR COLLISIONS* 

J. Randrup 
Nuclear Science Division, LBL, Berkeley, CA 94720 

and S. E. Koonin** 
W. K. Kellogg Radiation Laboratory, Cal Tech, Pasadena, CA 91125 

We have developed a s ta t i s t ica l model for multi-fragment final s ta tes in 
nuclear collisions with bombarding energies E/A < 200 MeV. A portion of the 
system formed with energy per nucleon e and isospin polarization I = (N-Z)/A 
is assumed to decay according to the available non-relativistic phase-
space. The conservation of energy, nucleon number, and charge is most 
conveniently imposed by considering the grand canonical ensemble and 
introducing appropriate Lagrange multipliers. This results in a "fragment 
gas" a t nuclear density pn/x, where pg = 0.17 fin-3 i s the nucleon 
density of ordinary nuclei and x is a parameter of order unity. The ground 
and a l l known particle-stable excited states of fragments with A < 16 are 
included explicitly in the internal fragment parti t ion functions, while 
those for A > 16 are approximated in a Fermi-gas model. For given values of 
e, I , and x< we calculate the temperature and the fragment mass and charge 
distributions. 

niX I I I . i I nl I I I I , | 1 
C 20 £0 GO BO 100 120 0 10 20 30 40 SO 60 70 

Energy per nucleon e IMeV) Temperature T (MeV) 

The figures show some instructive results : the temperature x for a 
given e (fig. 1) is always greater than that of free nucleons (=2/3e) 
because composite fragments effectively eliminate some translational degrees 
of freedom. The rat io of produced free neutrons to free protons (fig. 2) 
increases dramatically with I , since al l light composite fragments have 
N * Z. 

Although our model has no dynamical assumptions, i t can nevertheless 
correlate and predict many experimental observables in terms of only 3 
parameters (e, I , and x), which can be determined from experiment. Any 
dynamical mechanisms which may be invoked to explain intermediate energy 
collisions can therefore be judged against these "background" predictions. 

•Work supported by Division of Nuclear Physics of the U. S. Department of 
Energy under contract No. W-7405-eng-48. 
**Alfred P. Sloan Foundation Fellow, supported in part by the NSF, Grants 
[PHY76-83685, PHY77-21602]. 
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MOMENTUM PROJECTION METHODS IN NUCLEUS-NUCLEUS SCATTERING 

H. R. Fiebig, M. Stingl and W. Tinun 

University of Minister, D-4400 Munster, West Germany 
Until recently, microscopic calculations in nucleus-nucleus 

scattering were mainly based on generator-coordinate or equi
valent methods which depended crucially on the factorization of 
the center-of-mass motion in the individual cluster states. Since, 
in general, this factorization property is only valid for OSM 
ground states, calculations with these methods were restricted to 
the elastic scattering of two fragments in their ground states, 
or at best to direct reactions between channels of this type, and 
more complex inelastic processes (e.g. particle hole excitations 
in one of the fragments) could not be treated. To overcome these 
difficulties we have suggested that channel states be constructed 
via momentum-projection techniques [1] . If CJ"(0,&) is a creation 
operator for a nuclear (ground or excited) state, displaced by k 
in momentum space, and if Hjt is the projection operator onto 
sharp momentum k, then the state 

D*(k") io> = n£-C^(0,k") ]0> 
respects both translational and Galilean invariance [2]. Hence 
the two cluster channel state D, (k) *D_ (-it) |0> has the typi-

1,n1 2,n 2 < ^*c 

cal resonating-group form with asymptotic relative momentum k. If 
the unprojected fragment states C. |0> are chosen as Slater de-
terminants, the two-cluster states are still superpositions of 
Slater determinants and hence Wick's theorem can be applied in 
calculating energy and norm kernels, irrespective of whether or 
not c m . motion factorizes in the intrinsic states. Although the 
t hnicalities are slightly more complicated than with the gene-
-.itor-coordinate methods, the approach nevertheless appears to be 
superior to formulations using the Peierls-Yoccoz double pro
jection technique, at least for practical calculations of nuc
leus-nucleus scattering. 

We have applied this method to calculate transition kernels 
between the elastic a-a-channel and channels with one 1p-1h ex
cited a particle. Hamiltonian kernels of this type - which cannot 
be calculated in the usual generator-coordinate or resonating-
group methods - have been used to compute a microscopic effective 
potential, including absorption, for a-a scattering [3]. 

Also, compound states and channels with more than two 
clusters can be described naturally with these momentum-project
ion techniques. The method E-hould therefore open the possibility 
of describing microscopically several classes of inelastic pro
cesses in nucleus-nucleus scattering that were inaccessible until 
now to a genuine microscopic treatment. 

1) H. R. Fiebig, M. Stingl and W. Timm; J.Phys. §_4 (1978) 1291 
2) H. Rouhaninejad and J. Yoccoz; Nucl.Phys. 78 (1966) 353 
3) H. R. Fiebig and W. Timm, contributed paper to this conference. 
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TWO-PARTJCLE TRAfcSFEK REACH Oh PdiD 
THE PARTICLE-USMBER-COKDERVATlOh (PKC) APPROACH 

OF PAIRING CORRELATION 

Chongshi Wu and C.Y.Tseng 

D e p a r t m e n t of P h y s i c s , B e i j i n g U n i v e r s i t y 
B e i j i n g , CHlkA 

T w o - p a r t i c l e t r a n s f e r r e a c t i o n i s a s e n s i t i v e t o o l f o r s t u d y i n g 
p a i r i n g c o r r e l a t i o n i n n u c l e i . R e c e n t l y , t h e c r o s s - s e c t i o n s of 
( t , p ) and ( p , t ) r e a c t i o n s on even t u n g s t e n i s o t o p e s were a n a l y z e d 
i n d e t a i l by B e t t s and K o r t e n s e n ( R e f . 1 ) . They i n d i c a t e d some 
r e m a r k a b l e i n c o n s i s t e n c i e s be tween t h e e x p e r i m e n t a l d a t a and the 
p a i r r o t a t i o n (PR) o r p a i r v i b r a t i o n (PV) modes. 

However, f rom t h e p o i n t of v iew of t h e PhC a p p r o a c h , t h e PR and 
PV modes a r e two e x t r e m e c a s e s ( R e f . 2 , 3 ) . The quan tum number 
l a b e l l i n g a PR band i s no t a good o n e , w h i l e t h e anharmor . ic e f f e c t 
i n t h e PV model i s v e r " l a r g e , i n th i -s work, t h e PliC a p p r o a c h i s 
used t o a c c o u n t f o r 
t h e g r o s s f e a t u r e s of 
t h e t w o - p a r t i c l e t r a n s 
f e r r e a c t i o n s . The c a l 
c u l a t e d r e s u l t s a r e 
shown in t h e t a b l e . 

1 t i s s e e n t h a t , t h e 
v a r i a t i o n of t h e c a l c u 
l a t e d b r a n c h i n g r a t i o 
i s c o n s i s t e n t w i t h t h a t 
of t h e e x p e r i m e n t a l 
v a l u e s . E s p e c i a l l y , f o r 
( t , p ) r e a c t i o n s , t h e 
anomalous i n c r e a s e of 
, , 0 « ' ( t , p > , 8 2 W h a s been 
r e p r o d u c e d c o r r e c t l y . 
T h i s i s due t o t h e 
s i n g l e p a r t i c l e e n e r g y 
gap a t to=108. T h e r e i s 
an e x c e p t a t i o n i n t h e 
c a s e of ' • 6 W l p , t ) ' • * ; » , 
t h e e s t i m a t e d b r a n c h i n g 
r a t i o i s t o o s m a l l . I n 
f a c t , t h e s p i n s of t h e 
g . s . i n ••»»••»"'„• a r e bo th 

C 5 1 2 ] 3 / 2 , which i l l u s 
t r a t e s t h a t t h e s i n g l e 
p a r t i c l e l e v e l s i n t e r s e c t a t lial 1 2 , bu t in t h e p r e s e n t p a p e r t h e 
s i n g l e p a r t i c l e l e v e l s a r e f i x e d f o r a l l even t u n g s t e n i s o t o p e s . 

1 . H . R . B e t t s and )• . K . t . o r t e n s e r , P h y s . R e v . L e t t . ,4_3_( 1979) , 6 1 6 . 
2 . C . Y . T s e n g , P h y s i c a E n e r g i a e F o r t i s e t r h y s i e a K u c l e a r i s . 2 

( 1 9 7 8 ) , 4 2 8 . 
3 . T . S . C h e n g and C .Y.Tseng , P h y n i c a E n e r g i a e F o r t i s « t P h y s i c a 

Nuc lpa r i s ,4_( 1980) , ( i n p r e s s ) . 
4 . S . G . i v i l s s o n fit a l . , l iuc l .Ph.ys . ,A131 (1Q69) .1 . 

T a b l e , .b ranching r a t i o of t h e two-
p a r t i c l e t r a n s f e r r e a c t i o n s t o t h e f i r s t 
e x c i t e d 0 s t a t e s and t h e g . s . of even '.' 
n u c l e i . 

D a u g h t e r 
n u c l e u s 

( p , t ) r e a c t i o n ( t , p ) r e a c t i o n D a u g h t e r 
n u c l e u s Cal?> Exp* 5 C a l ? } Exp. 

ISO y 

It* :.; 
r«6 .j 

0 . 0 9 
0 . 1 8 
0 . 1 0 
0 . 0 0 0 2 
0 .000002 

0 . 0 9 
0 . 0 9 
0 . 1 5 
0 . 0 8 

0 : 0 3 
0 . 0 5 
0 . 2 
0 . 0 0 0 6 
0 . 0 0 0 0 1 

0 . 5 
0 . 0 1 

< 0 . 0 0 7 
a ) The s i n g l e p a r t i c l e l e v e l s a r e 

t a k e n from R e f . 1 , F i g . 2 d ( £ = 0 . 2 ) . The 
s t r e n g t h of t h e p a i r c o r r e l a t i o n G=0.55**4. 
The t r u n c a t e d e n e r g y used i n t h e d i a g o n a -
l i z a t i o n o f t h e H a m i l t o n i a n i s t ; jken t o 
be 11*feS, . The t r a n s i t i o n m a t r i x e l e m e n t s 
t h a t a p a i r of n e u t r o n s removed from o r 
added t o t h e d i f f e r e n t I i i l s s o n o r b i t s a r e 
assumed t o be a c o n s t a t t . 

b) R e f . 1 . 
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A DYNAMICAL MODEL FOR FAST FISSION PHENOMENA AND CHARGE EQUILIBRATION 
* #* 

C. Gregoire, C. Ngo, H. Ngo andB. Remaud 
DPh-N/MF, CEN Saclay, BP 2, 91190 Cif-sur-Yvette, France 

Recently two interesting experimental developments have been done in hea
vy ion physics at bombarding energies smaller than 10 MeV/A : 

1. Experiments on medium systems (like for instance the Ar+Ho system1) 
have shown indications about an intermediate mechanism between deep inelastic 
and compound nucleus formation1). This phenomenon seems to be strongly correla
ted with the disappearance of the effective barrier against fission due to an
gular momentum. The properties of the fast fission fragments are identical to 
those resulting from the fission of the compound nucleus except for one point : 
the FWHM of their mass distribution is different and, at least for the studied 
cases, is larger than the one of the fission fragments. A simple model has been 
introduced which allows to qualitatively understand such changes^). 

2. The charge equilibration degree of freedom which is connected to the 
correlation between the neutrons and the protons in the deep inelastic frag
ments has been shown to be a very fast mode 3). The FWHM of the isobaric dis
tributions seems to indicate, for some cases, the existence of quantum fluc
tuations'") . 

We have developed a dynamical dissipative collective model which treats 
explicitly the relative motion of the two ions, the mass asymmetry and th< 
charge equilibration degrees of freedom. The statistical fluctuations of the 
collective degrees together with their mean values are taken into account ac
cording to the Hofmann Siemens theory using a Fokker Planck equation in phase 
space 5). As far as charge equilibration is concerned, because quantum effects 
are in some cases important, a quantum master equation is used"). Furthermore 
it is assumed that during the collision there is a gradual transition between 
a sudden interaction potential (which governs the entrance channel)and a pheno-
menological adiabatic potential (which governs the exit channel). This leads to 
interesting features concerning the energy loss which becomes in good agree
ment with the experimental one. In addition to the usual properties of deep 
inelastic reactions, this model is able to calculate the evolution of the iso
baric distributions as a function of the energy loss. Furthermore the cross-
section for fast fission phenomena, together with an evaluation of the FWHM 
of the corresponding mass distribution can be done. 

* IPN, Laboratoire de Physique Theorique, BP 1, 91406 Orsay, France. 
** Institut de Physique, Universite de Nantes, 44000 Nantes, France. 
1. C. Lebrun, F. Hanappe, J.F. Lecolley, F. Lefebvres, C. Ngo, J. Peter and 

B. Tamain, Nucl. Phys. A321 (1979) 207. 
C. Gregoire, M. Berlanger, B. Borderie, F. Hanappe, D. Gardes, J. Girard, 
J. Matuszek, C. Ngo and B. Tamain, preprint 1980. 

2. C. Gregoire, R. Lucas, C. Ngo, H. Ngo, B. Schiirmann, preprint DPh-N/MF 
79/33 (1979). 

3. B. Gatty, D. Guerreau, M. Lefort, J. Pouthas, X. Tarrago, J. Galin, 
B. Cauvin, J. Girard and H. Nifenecker, Z. Phys. A273 (1965) 65 ; 
Nucl. Phys. A253 (1975) 511. 

4. M. Berlanger, A. Gobbi, F. Hanappe, U. Lynen, C. Ngo, A. Olmi, H. Sann, 
H. Stelzer, H. Richel and M.F. Rivet, Z. Phys. A291 (1979) 133. 

5. H. Hofmann and P.J. Siemens, Nucl. Phys. A275 (1977) 464. 
6. H. Hofmann, C. Gregoire, R. Lucas and C. Ngo, Z. Phys. A293 (1979) 229. 
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NUCLEAR SCATTERING AND FREDHOLM DETERMINANTS IN THE COMPLEX k PLANE 

B- Banclii and B. Mul l igan 

Department of P h y s i c s 
The Ohio S t a t e U n i v e r s i t y 

Columbus, Ohio 43210 

A n o n l o c a l p o t e n t i a l p r o v i d e s a method of p r e s e n t i n g the p h y s i c s of a 
many-body s i t u a t i o n i n the c o n t e x t of a two p a r t i c l e i n t e r a c t i o n . For t h i s 
r e a s o n , n o n l o c a l p o t e n t i a l s n e c e s s a r i l y a r i s e when d i s c u s s i n g n u c l e o n - n u c l e u s 
s c a t t e r i n g . A n o n l o c a l p o t e n t i a l i s a l s o r e q u i r e d for i n c l u d i n g e f f e c t s of 
a r . t i s y m m e t r i z a t i o n , f o r d e s c r i b i n g compound e l a s t i c s c a t t e r i n g , o r fo r i n 
v e s t i g a t i n g o t h e r a s p e c t s of s c a t t e r i n g i n which more than two p a r t i c l e s 
e n t e r i n t o the dynamics of the i n t e r a c t i o n . The t heo ry of n o n l o c a l p o t e n 
t i a l s u n d e r l i e s t h e s t r u c t u r e of many of the s t a n d a r d c a l c u l a t i o n s of n u c l e a r 
t h e o r y . I t i s , f o r example , p a r t i c u l a r l y r e l e v a n t to r e s o n a t i n g group c a l 
c u l a t i o n s . In t h e s e c a l c u l a t i o n s emphas i s i s p l aced upon e f f e c t s of a n t i -
s y m m e t r i z a t i o n and the e x t r a nodes in the r e l a t i v e ( s c a t t e r i n g ) wavc func t ion 
which a r e n e c e s s a r y t o produce the o r t h o g o n a l i t y r e q u i r e d by P a u l i e x c l u s i o n 
of f i l l e d s t a t e s . 

Because a n o n l o c a l p o t e n t i a l c a s t s t h e many-body prob lem i n t o a two-oody 
formal ism, a n o n l o c a l p o t e n t i a l can u s u a l l y be r e p l a c e d by an e n e r g y depend
e n t e q u i v a l e n t l o c a l p o t e n t i a l * - ' . The f a c t t h a t such a p o t e n t i a l may e x h i b i t 
a f a i r l y sma l l e n e r g y dependence a c c o u n t s f o r the s u c c e s s e s of l o c a l p o t e n 
t i a l models i n a l a r g e number of many-body c i r c u m s t a n c e s . However, r e s o 
nances such a s compound n u c l e a r r e s o n a n c e s a r e more narrow than a l lowed by a 
s h o r t - r a n g e a t t r a c t i v e l o c a l p o t e n t i a l ^ . Reproducing such r e s o n a n c e s wi th 
an e q u i v a l e n t l o c a l p o t e n t i a l r e q u i r e s t h a t o o t e n t i a l t o be r a p i d l y v a r y i n g . 

For t h e s e r e a s o n s , i n t h i s work we d i s c u s s an a n a l y s i s of t h e phenome
nology p o s s i b l e t o a n o n l o c a l p o t e n t i a l w i t h an eye to the r e l a t i o n s h i p b e 
tween t h i s phenomenology and a m i c r o s c o p i c p i c t u r e of n u c l e o n - n u c l e u s i n t e r 
a c t i o n s . The s t r i k i n g l y d i f f e r e n t b e h a v i o r p o s s i b l e t o n o n l o c a l p o t e n t i a l s 
can be t r a c e d t o t h e s t r u c t u r e of the Fredholm d e t e r m i n a n t s a s s o c i a t e d wi th 
i n t e g r a l e q u a t i o n s f o r s c a t t e r i n g by a n o n l o c a l p o t e n t i a l . The Fredholm de
t e r m i n a n t s r e f e r r e d t o a r e D ( k ) , the d e t e r m i n a n t fo r the i n t e g r a l e q u a t i o n 
for the p h y s i c a l s o l u t i o n , and D ( k ) , t h e d e t e r m i n a n t fo r t h e i n t e g r a l equa
t i o n for the r e g u l a r s o l u t i o n - 3 ' . 

For a l o c a l p o t e n t i a l , D + ( k ) c o n t a i n s t h e s c a t t e r i n g i n f o r m a t i o n , whi l e 
D(k) i s u n i t y . For a n o n l o c a l p o t e n t i a l D(k) i s a f u n c t i o n of t h e wave-
number. I f f o r a n o n l o c a l p o t e n t i a l t h e s e d e t e r m i n a n t s e x h i b i t b e h a v i o r in 
the complex p l a n e s i m i l a r to t h a t of D + ( k ) and D(k) fo r l o c a l p o t e n t i a l s , 
t hen r e p l a c e m e n t of t h e n o n l o c a l p o t e n t i a l by an e q u i v a l e n t l o c a l p o t e n t i a l 
becomes f e a s i b l e . On the o t h e r hand , e x t r a nodes , cont inuum bound s t a t e s and 
s p u r i o u s s t a t e s a r e p o s s i b l e only when n o n l o c a l i t y i s p r e s e n t . The b e h a v i o r 
i n the complex k p l a n e of D~*"(k) and D(k) n e c e s s a r y for the e x i s t e n c e of such 
e f f e c t s i s q u i t e d i f f e r e n t from t h a t d i s p l a y e d by a l o c a l p o t e n t i a l . 

This work was s u p p o r t e d i n p a r t by NSF G r a n t No. PHY-7825532. 
1. L. G. Arnold and A. D. H a c K e l l a r , P h y s . Rev. C 2 (1971» 1093 . 
2 . A. Bohr and B. M o t t e l s o n , Nuc lea r S t r u c t u r e , Vol . I (W. A. Benjamin , 

New York, 1969) p . 4 4 1 . 
3 . B. M u l l i g a n , L. G. Arno ld , B. B a g c h i , and T. O. K r a u s e , P h y s . Rev. C Vi 

(1976) 2 1 3 1 . 
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ON THE COUPLED-REACTIOH-CHANMEL METHODS 

G. Cattapan and V. Vanzani 

I s t i t u t o d i F i s i c a , Un ivers i ta d i Padova, 35100 Padova, I t a l y 
I s t i t u t o Nazionale d i F i s i c a Nucleare, 

Sezione di Padova e Labora to r i di Legnaro 

Coupled-react ion-channel (CRC) equat ions in i n teg ra l form can be d i r e c t 
ly der ived from the set of Lippmann-Schwinger ( IS) equations l a b e l l e d by two-
- c l u s t e r p a r t i t i o n s b , which provides a unique so lu t i on to the N-body sca t t e r 
ing problem ' . Let Y a i = S b 0 . * a l + G b V b l l ^ b e the set of t w o - c l u s t e r l abe l l ed 
LS equat ions, w i t h TJ^* the t o t a l s c a t t e r i n g s t a t e , <t>a, the incoming s t a t e , 
G b and V h the two-c lus te r p a r t i t i o n resolvents and res idua l i n t e r a c t i o n s , 
r espec t i ve l y . I n s e r t i n g the usual CRC expansion Tf"^ = Z ! Xo,, c f c Yc» f ° r "*"Q*, 
(where !(<-„ descr ibes the i n t r i n s i c s ta tes o f the fragments i n the channel 
cic ) , we get the CRC equations 

KM = S, a, ** + 94£%\v b i r „Ku*~> - Z cY b J iY« x;,.c«> 6 c b (i) 
wi th f a i the r e l a t i v e motion pa r t o f <|>a< , $ b , the channel e f f e c t i v e propa
gator coming from the ac t ion of & b on i|/-b. ; tne braket C | > denotes i n t e r 
nal coordinate i n t e g r a t i o n s w i t h tne channel radius ?b being kept f i x e d . Of 
course eqs. (1) can be i n t e r p r e t e d as equat ions w i t h d i s t o r t e d q u a n t i t i e s , be
cause the LS s t a r t i n g po in t s t i l l holds (and preserves the same s t r u c t u r e ) i n 
the d is tor ted-wave formal ism "">. 

Since, as usual i n the CRC method, the same expansion has been inser ted 
in to each LS equa t i on , non-or thogona l i t y terms appear. Once the LS equations 
are transformed accord ing to modern N-body procedures and as many expansions 
are in t roduced as the two-c lus te r p a r t i t i o n s a r e , we are l e f t w i t h CRC equa
t ions w i thou t any non-or thogona l i t y term (compare w i t h re f s y>h'). Each unknown 
labe l l ed by a t w o - c l u s t e r p a r t i t i o n b has to be expanded i n t o the re levan t i i i 
t r i n s i c s ta tes y b i . Thus combining exac t few-body treatments w i t h the CRC 
technique we get i n i n t e g r a l form 

*![,(,; = KiM %t + * w § a £ ( r b i i v b i y c k %^Cky (2) 

* +a.ap.i - 8Hi.a«fc< + %i f £ ( Y b i l ^ T l T c k * ; ? , ( * > < 4 ) 
when we s t a r t f rom the three-body Faddeev equat ions, the Kouri-Levin-Tobocman 
equations (w i t h the channel permuting a r ray choice) and the N-body Sandhas 
equations ( w i t h a r t i f i c i a l ind ices i n t he unknowns) , respect ive ly . Here TC^ ,^ = 
= ( Y b , l "5r^,ai> w i t h ti=b,Cb),<ja) ; V b i s the i n t e r a c t i o n i n t e r n a l to b ; 'b-
i s the p a r t i t i o n which immediately f o l l o w s or precedes b i n a g iven sequence 
of the two -c l us te r p a r t i t i o n s ; J3 denotes a chain o f p a r t i t i o n s obtained by 
sequent ia l f ragmenta t ion and ° l ^ r are N-body exchange p o t e n t i a l s 5 ^ . 

1 . G.Cattapan and V.Vanzani , Phys. Rev. C l£ (1979) 1168. 
2. G.Cattapan and V.Vanzani , Nuovo Cim. 371k (1977) 32. 
3. W.Tobocman, Phys. Rev. CV1_ (1974) 43. 

D.J.Kouri and F .Lev in , Nucl . Phys. A253 (1975) 395. 
4. E.F.Redish, Lecture Notes i n Physics ^7 (1978) 427, and U n i v e r s i t y o f Mary

land p r e p r i n t 0R0 5126-70 (1979). 
Gy.Bencze, Cent ra l Research I n s t i t u t e f o r Physics p r e p r i n t KFKI-1979-84. 

5. W.Sandhas, i n Few-Body Dynamics, ed. A . N . M i t r a , I .S l aus , V.S.Bhasin and V. 
K.Gupta (No r th -Ho l l and , Amsterdam, 1976) p.540 
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erences between centrifugal 1,0-ip^roxination, based on the neglect 
•••ITIJIS lor coupled channels. In the combined ES+CS approximation, for 
instance, the oriqinal set of counted equations is completely decoupled in a 
suitable representation. An actual calculation of the vibrational excitation 
o! •1-Ccl by 30 MeV protons (curvel) shows, however, a considerable deviation 
r-lative to the rr- curve. The discrepancies for the ES approximation alone 
are often much smaller. 

Such discrepancies led us to look for a method for finding corrections 
to the approximations. Consider the tS approximation from the classical point 
of view: if the internal motion of the scatterer is not slow enouqh to permit 
it to be considered as "frozen" during the entire collision, it may still be 
slow enough to permit frozen internal coordinates for shorter time intervals. 
Inspired by this observation, in the stationary description of quantum scat
tering we correspondingly subdivide the r-axis in a number of limited radial 
intervals. Within each interval we apply the ES and/or CS approximation. 
At the interval boundaries we transform the solution as follows. For each of 
the channels we define a pair of ES/CS basis waves in the interaction region, 
leaving out the coupling. We de
termine the matrix transforming the 
coefficients of these waves from 
one side of an interval to the 
other, using the ES/CS approximat
ion including coupling. This matrix 
is then taken over in the exact 
case, but to transform the co
efficients of "exact" basis waves. 
The latter are assumed to take in
to account properly the amplitude 
and phase changes due to "diagonal" 
propagation within the channels. 

Calculations in a simple two-
channel model 1) have shown pro
mising results. In the accompany
ing figure we show realistic re
sults for a 4+ two-phonon level, 
indicated with the various numbers 
of intervals. The results converge 
to the CC curve, as is to be ex
pected. The computation time for this preliminary, unoptimized calculation, 
roughly proportional to the number of intervals, is a factor of 3 to 4 lower 
than for a conventional CC calculation. 

1. B.J. Verhaar, W.J.G. Thijssen and A.M. Schulte, 
J. of Phys. A13 (1980) no. 4. 
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SEARCH FOR ANALOGUE RESONANCES IN Co (II) 
Salah El-kateb* and G.M. Griffiths 

Department of Physics, University of British Columbia 
Vancouver, V6T 1W5, British Columbia, Canada + + 

Gamma-ray angular distribution and resonance strength measurements 
have been carried out on resonances in the reaction 5°Fe(P,y)5''Co i n 

the energy region Ep as 1400 - 1650 keV. The J1* values have been deter
mined as 3/2~for the resonances at Ep = 1599, 1623, 1643 and 1649 keV. 
The resonances at Ep = 1623, 1643 and 1649 keV have been identified as 
the split analogue resonances of the 367 keV {J"ir- 3/2) state in 57pe. 

The resonance strengths have been determined for twelve resonances 
and the results are (Ep(keV); % ) = (1403; 0.30), (1408; 0.42), (1416; 
0.39), (1453; 0.43), (1460; 0.38), (1466; 0.40), (1525; 0.60), (1557; 
0.42), (1599; 0.88), (1623; 1.33), (1643; 1.12) and (1649; 2.30). 

Gamma-ray branching ratios of the split analogue and excitation 
energies for some low-lying states in -"Co are also given. The HI 
transition strengths to the corresponding antianalogue states have been 
measured and compared with theoretical predictions. 

+Present address: Eraser Valley College, Abbotsford, B.C., Canada. 
+ +This work was supported by a'grant from the Atomic Energy Control 

Board of Canada. 
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COMPARISON OF S-, p- AND d-WAVE NEUTRON STRENGTH FUNCTIONS 
FOR 2°6pb + n REACTION WITH OPTICAL MODEL CALCULATIONS* 

D. J . Horen, J . A. Harvey, N. W. H i l l and C. H. Johnson 

Physics Divis ion, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 37830 

The 200-m f l i g h t path at the Oak Ridge Electron Linear Accelerator 
(ORELA) has been used to make high resolution neutron transmission and d i f 
ferential scattering measurements on 20*>Pb. f n e s . i p. a n d d-wave neutron 
strength functions in the neutron energy interval of 25-600 keV show con
siderable microstructure, some of which have been interpreted in terms of 
doorway states ar is ing from particle-core excitat ions.M Analyses of the 
data have been extended up to E n = 900 keV. I t appears as though the f luc
tuations in the strength functions tend to dampen with increasing energy of 
excitation (see f i gu re ) . 

0 100 200 300 400 500 600 
EnUeVI 

The data have been analyzed using R-matrix codes which employed a boun
dary radius of 8.0 fm. Optical model calculations are being performed in a 
manner consistent with the data analyses. We are investigating whether a 
given set of optical model parameters can be found which will simultaneously 
reproduce the average values of the measured strength functions and poten
tial phase shifts for s-, p- and d-waves. 

Preliminary calculations indicate that this might not be possible. 
Parameters which give good agreement with the measured strength functions 
and phase shifts for s- and d-waves do not seem to do so for p-waves. This 
question is being pursued and the results will be discussed. 
•Research was sponsored by the Division of Nuclear Sciences, U.S. Department 
of Energy, under contract No. W-7405-eng-26 with the Union Carbide Corpora
tion. 
1. D. 0. Horen, J. A. Harvey and N. W. Hill, Phys. Rev. C 20 (1979) 478 
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NUCLEAR "TIME-DELAY" AND X-RAY-PROTON COINCIDENCES NEAR A 
NUCLEAR SCATTERING RESONANCE* 

P. Dyer,** K.A. Snover, T.A. T r a i n o r , and J . S . B la ir 

Department of P h y s i c s , U n i v e r s i t y of Washington, S e a t t l e WA 98195 

We have observed the changing p r o b a b i l i t y for production of K - s h e l l 
x rays by protons e l a s t i c a l l y s c a t t e r e d from B N i , a s the inc ident proton 
energy i s varied over the s nuclear resonance a t 3 .151 HeV ) . In a t i m e -
dependent d e s c r i p t i o n , t h i s change r e s u l t s from a nuclear "time delay" T 
t h a t c a u s e s the amplitude for e x c i t a t i o n of an e l e c t r o n "on the way in" t o 
be advanced in time r e l a t i v e to the amplitude "on the vray out" by the f a c t o r 
exp (-iwT), where hu i s the energy transferred to the e l e c t r o n . In a t i m e -
independent d e s c r i p t i o n , the time delay i s mani fe s t ed by the energy v a r i a t i o n 
of the nuclear reac t ion ampl i tudes f ( 6 , E ) . The c r o s s s e c t i o n for s c a t t e r i n g 
a nuc lear p a r t i c l e having i n c i d e n t c m . energy E t o angle G> in c o i n c i d e n c e 
wi th producing a K-she l l x ray , i s g iven by 

do 
c o i n c 
dQ 

where u> 

= 2i 
"K I j de |A( E , l ,m)f (9,E-hu))+B(E,l,m)f (6,E) | 2 . 

l,m o 
„ is the fluorescence yield, A and B are semiclassical amplitudes 

("way in" and "way out", respectively) for exciting an electron into the 
continuum with final kinetic energy e, orbital angular momentum 1, and pro
ject ion m. The cross section thus contains products of interfering nuclear 
amplitudes with differing projecti le energies. 

Protons were scattered from a 9 pg/cm2 5 8 N i target on a carbon backing 
at 45° and were detected in a sol id-state detector subtending 95±18°. X 
rays were detected by a Na(Tl) crystal placed at 90°. The proton s ingles 
exc i tat ion function is shown in part (a) of the f igure. In part (b) i s shown 
the rat io of the proton yie ld in coincidence with K x rays to the s ingles 
proton y ie ld , normalized to unity off resonance. Because the width of this 
particular resonance (5.6 keV) 
i s comparable to the electron 
energy transfer (> 8.3 keV), the 
interference effect is maximized. 
The short-dashed and long-dashed 
curves are derived from a "zero-
order" calculation, in which only 
the monopole (1=0) term is consider
ed, and the electron energy transfer 
i s taken to be 10 keV. The coin
cidence to singles ratio then 
depends only on R = ImB/ReB. The 
data support a value for R of about 
+0.6. The solid curve is the 
resul t of a more detailed calcula
t ion , involving semiclassical ex
pressions for the monopole ampli
tudes; lack of agreement suggests 
that the imaginary parts of these 
amplitudes may not be given ade
quately by the standard theory. 
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* Supported in part by USDOE. 
"Present address: Cyclotron Lab., HSU, East Lansing, MI 48824. 
1. J.S. Blair, P. Dyer, K.A. Snover, ana T.A. Trainor, Phys. Rev. Lett. 

41 (1978) 1712. 
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COINCIDENCE STUDIES OF NUCLEON-NUCLEON INTERACTIONS IN THE NUCLEUS ^ 

A. A. Cowley,* C. C. chanq, II. D. Holmgren, J. Silk, R. w. Koontz, 
P. G. Roos, D. L. Hendrie, and J. R. Wu' 

Department of physics fc. Astronomy 
University of Maryland, College Park, Maryland 20742 

The continuous (p,p') spectra resulting from 90 and 100 MeV protons on 
5 8Ni-) exhibit large yields of high energy protons at forward angles with a 
very broad peak at an energy consistent with scatterinq from a bound tarqet 
nucleon. In order to study the role of the nucleon-nucleon interaction more 
fully in proton induced reactions we have performed a series of particle-
particle coincidence measurements. Two triple-counter telescopes operated 
in coincidence were used to detect particles over a wide energy range. The 
figure shows a typical E\ vs. E2 plot for 81 = 35° and 63 =-48° in which only 
the high energy portion of E^ is included. Three regions of events are 
labeled on the figure: the quasi-free scattering (OF) event, the pre-equi-
librium (PREO) event, and the "evaporation" (EVAP) event. Our results in
dicate that a major portion of the high-energy protons in the continuum is 
in coincidence with evaporation particles {both p and a). This result also 
holds true for angle pairs which were chosen to enhance the OF (p,2p) event. 
With one telescope fixed at either 15° or 35°, the angular correlation 
functions for QF and PREO events peak near the beam direction, while that of 
the EVAP events is isotropic. Our results suggest that the initial nucleon-
nucleon interaction between the incident proton with one of the target nu-
cleons dominates the interaction and that this QF process acts as a doorway 
to more complicated states, i.e., 
one of the nucleons escapes the 
nucleus after the interaction, 
while the other nucleon suffers 
further interactions dissipating 
its remaining energy to other 
nucleons in the nucleus. The 
multiplicities of the evaporated 
protons and a's have also been 
measured by detecting two evapor
ation particles in coincidence 
and were found to be ^2.5 and ̂ 0.5, 
respectively. With the inclusion 
of an estimate of the neutron 
evaporation based on calculations, 
the total evaporated particle 
multiplicity (including n, p and a) 
is ^4-5. This is also consistent 
with the quasi-free doorway channel 
assumption, i.e., the incoming 
proton loses, on the average, half 
of its incident energy {"̂ 50 MeV), 
leaving the target nucleus with ^50 MeV of excitation energy 
nucleus de-excites by evaporating particles. 

: * 
• V * 

PREQ • 

EVAP 

—• .M , 
"|4 * 

The target 

*This work was supported in part by the National Science Foundation. 
^Permanent address: National Accelerator Centre, CSIR, Pretoria, S. Africa. 

Permanent address: ORNL, Oak Ridge, Tennessee. 
1. J. R. Wu, C. C. Chang, and H. D. Holmgren, Phys. Rev. C 19 (1979) 698. 
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A THEORY OF (D,P) REACTIONS WITH DEUTERON BREAKUP 

M. Kawai, M. Kamimura and K. Takesako 

1 X Department of Physics, Kyushu University 33, Fukuoka 812, Japan 
'Department of Applied Physics, Fukuoka University, Fukuoka 314, Japan 
The coupled channel variational method (CCVH) of Ref. ') was used to 

investigate the effect of the breakup of the deuteron in (d,p) and the 
associated (d,d) and (p,p) reactions in a three-body model of a proton, p, and 
a neutron, n, interacting with each other and with an innert target nucleus, 
A. 

Coupled were the d- and p channels and the "channels" of the 10 discre-
tized excited states of the deuteron which, together with the ground state, 
were prepared by the diagonalization of the hamiltonian of the n-p system in 
a space of a properly chosen set of 11 Gaussian functions. The energies of 
the deuteron states range up to 346 HeV. The radial wave function of relative 
motion in each channel was expanded in harmonic oscillator functions up to a 
certain radius outside the region of interaction and joined smoothly onto a 
Coulomb wave function satisfying a proper boundary condition. The expansion 
coefficients were varied in the Kohn-Hulthen-Kato type variational principle. 
The interaction potentials were assumed to be (a) the optical potentials at 
appropriate energies for A and p or n in the continuum, (b) a real Woods-Saxon 
potential for A and the bound n and (c) a Gaussian potential which fits the 
low energy p-n data for p and n. 

Examples of the result are given in Fig. 1 which shows the calculated 
S-matrix element for ^0(d,p)17o(Hs) for the total angular momentum L=l at 
11, 21, 41 and 61 HeV under various assumptions which are designated as 
follows. CC:full CCVM calculations with 12 coupled channels. NA: CC except 
the coupling of the p channel assumed weak. JS: NA with all the deuteron 
states assumed degenerate at the 

Spd(L=1) 
Ed=HMeV 

ground state, a simulation of the 
adiabatic model of Johnson and 
Soper^). CCO: only the d- and p 
channels were coupled to each 
other. DWO: CCO with the coupling 
assumed weak. All the weak cou
plings were treated as first order 
perturbation. 

One readily sees that the 
effect of the deuteron breakup 
states is important, while the 
coupling of the p channel is much 
less so at high energies. The 
adiabatic model is good at 61 HeV, 
not so at 11 HeV and is always 
better than DWO. There are many 
other interesting features in 
these and other S-matrix elements. 

Im(Spd) 

1-0.3 

K ,1 _Ed=21MeV 

-0.2 I ID r 
Re(Spd) 

0.3 
Ed=61MeV,i'°-,?'>x,|Ed=41MeV ' « , 
o CC 
• NA 
n JS 
• CCO 
*DW0 

-Q3 

Supported by the Grant-in-Aid of the ministry of equation. 
1. M. Kawai, H. Kamimura, Y. Hito and K. Takesako, Prog. Theor. 

(1978), 674 and 676 
2. R. C. Johnson and P. J. R. Soper, Phys. Rev. C_l (1970), 976 

Phys. 59 
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COULOMB EFFECTS IN PROTON INELASTIC SCATTERING ON HEAVY TARGET 

Jacques Raynal 

Service de Physique Theorique - CEN - Saclay 
B.P.n°2 - 91190 Gif-sur-Yvette, France 

Coupled channel calculations of proton inelastic scattering are used to 
extract nuclear deformations. Usually, coulomb effects are not too importi;'t. 
However, for heavy targets and when the energy of the excited state is small, 
coulomb effects are large ; then, problems are the same as those encountered 
in heavy ion inelastic scattering : many partial waves and larp.e integration 
range of coupled equations. A computation of DWBA Coulomb integrals from thi 
matching point to infinity has been introduced'-1 in the codes ECIS78/ECIS79, 
which allows the use of nuclear matching point in inelastic heavy ion scat
tering. 238,, 

238Ulp,p-) 
E„*22MeV 

The inelastic scattering of 22 MeV protons on """U with the excitation 
of the 2 +,4 +,6 + has been studied without these Coulomb corrections*^ and a 
matching radius at 30 fm. Results 
of such calculations, including 
0 +,2 +,4 + with no spin-orbit defor
mation and with matching radius 20, 
30,50,75 and lOOfm are shown on the 
figure. 

The plain curve is obtained 
with Coulomb corrections at 15fm; 
it agrees with the conventional 
lOOfm results above 10°. This 
shows that a matching point of 30fm 
was enough in this case, due to the 
angular range of experimental data, 
but is too small to describe scat
tering to smaller angles. 

The 4 + forward cross-section 
decreases when the matching radius 
increases without Coulomb correc
tions. 

With Coulomb corrections at 
15fm, it is underestimated by 2% 
but correct with a matching radius 
at 20fm. 
REFERENCES 
1) J. Raynal, preprint DPhT/24/80. 
2) I. Brissaud et al., Zeit. fur 

Phys. A, 293 (1979). 
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USE OF INTERFERENCE EFFECTS IN ANGULAR CORRELATIONS TO MEASURE 
SMALL AMPLITUDES IN SINGLE-NUCLEON TRANSFER REACTIONS* 

D. P. Balamuth, D. Bybell, and W. K. Wells 
Physics Department 
University of Pennsylvania 
Philadelphia, Pennsylvania 19104 

We have used an angular correlation technique to study the 
interference between p,/- and Po/o pickup in the reaction 
1 3C( 3He,«) 1 2C leading to the E x = 15.1 MeV 1 + level. This 
transition is dominated by P 3/ 2 transfer; the shell model cal
culations of Cohen and Kurath predict 260 for the ratio of the 

spectroscopic factors ). 
2, 

The method used in the p3/2 t o pl/2 
present work is not new'') , but has seldom been applied at bom
barding energies where a direct reaction mechanism is expected 
to be dominant. Experimentally, 
we have measured the particle-
)S angular correlation for the a-
bove reaction at bombarding ener
gies of 24 and 25.5 MeV. Alpha 
particles were detected at zero 
degrees by a magnetic spectrometer; 
coincident gamma rays were detect
ed by an array of four Nal(Tl) 
crystals. The experimental angu
lar correlations, corrected for 
the finite angular acceptance of 
both the particle and gamma-ray 
detectors, were compared with the 
predictions of DWBA calculations 
using optical model potentials 
taken from the literature. In 
these calculations the ratio of 
the p,12 and P0/9 amplitudes was 
treated as a free parameter. The 
fits were found to be insensitive 
to the parameters of the DWBA cal
culations as long as the calculated differential cross sections 
were required to be in agreement with experiment at forward an
gles. The results of independent measurements at the two bom
barding energies agreed with each other within errors. The a-
verage experimental ratio between the Pi/o and P3/2 a r aPHtudes 
is -0.086i0.030. The best fit at a bombarding energy of 25.5 
MeV is shown in the Figure, along with the prediction for pure 
p3/2 t r a n s t e r - T n e prediction of Cohen and Kurath for this 
ratio is -0.061, in good agreement with the experimental value. 
Note that the sign is unambiguously determined from the experi
ment. 
'Work supported by the U. S. National Science Foundation. 
1. S. Cohen and D. Kurath, Nucl. Phys. A101(1967)l. 
2.J.B. Critchley et al., Nucl. Phys. A176(1971)129. 
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FIRST EXCITED 0+-STATES IN THE GERTANIUM ISOTOPES VIA THE Se(d,sLi) REACTION 
4- -1.4. 

A. van den Berg, G.T. Emery , R.V.F. Janssens, A. Saha and R.H. Siemssen 

Kernfysisch Versneller Instituut, Groningen, The Netherlands 
A complete and reliable description in terms of any single model is 

still lacking for nuclei in the Ge-Se region despite recent experimnntal 
information obtained from y-ray spectroscopy and transfer reactions". 
Particular attention has been paid to the lowest excited 0+-states in the 
Ge isotopes whose energy varies strongly with neutron number N and which 
becomes the first excited level in 7 2Ge. These 0+-states have been tenta
tively explained as being either pure neutron or pure proton configuration 
states, but shape transitions between N=40 and N=42 have also been invoked 
to account for the (t,p) and (p,t) reaction data leading to these states-'. 

We report on a study of the Se(d,6Li)Ge reaction on all stable, even-A 
Se isotopes from 7 l ,Se to a"Se at a beam-energy of 45 MeV. Reaction products 
were momentum analysed and identified with the QMG/2 magnetic spectrograph 
and its focal plane detection system. Differential cross sections have been 
measured in the angular range from 6 to 32 degrees. They are well reproduced 
by zero-range DWBA calculations. 

The present results are very similar to the (p,t) data leading to the 
same final nuclei, i.e. the first excited 0+-state is strongly excited in 
? 0Ge (25% of the g.s. strength) and in 7 2Ge (30%), whereas only upper limits 
<57« can be given for the other residual Ge nuclei. In the (t,p) reaction on 
the even-A germanium isotopes in contrast the first excited 0+-state in 'Ge 
is only weakly excited and it is strong in 7 6Ge2). This feature led to the 
suggestion of a shape transition in germanium. 

We tried to account for our findings with a model which describes 
successfully a large amount of data, including the (p,t) results for "Ge 
and neighbouring nuclei'). The first excited 0+-state in the Ge isotopes is 
assumed to be a pure proton excitation of the form 6.(p,/ 9)J -a (p,;?)o (fc/->)o • 
This configuration is then orthogonal to the ground state. The neutron 
configuration is the same for both states. 

With a °A (P3/2 )o ( f5/2 )o + YA ( p3/7 )o ( £5/'> )() P r o t o n configuration for the 
ground state of the Se target nuclei, and with an intrinsic cross section 
ratio a((p,,•,)*) / oCCfj/j)^) = 10, the strong population of the excited 
0+-state in 2Ge and the absence of significant strength to the same state 
in heavier Ge isotopes are reproduced. To explain also the strong population 
of the excited 0+-state in 7 0Ge, a different configuration has to be assumed 
for the Se target nucleus. It involves fewer I5/9 protons and suggests the 
occurence of the same phase transition between N=40 and N=42 that was 
proposed for the germanium isotopes. 

1) M. Vergnes, Proc. Int. Conf. Structure Medium-Heavy Nuclei, Rhodes 1979, 
Inst. Phys. Conf. Scries 49 p. 25. 

2) M. Vergnes et al., Phys. Lett. T2&_ (1978) 447. 

t Permanent address : Indiana University, Bloomington, Indiana 
t+ Present address ; Pittsburgh University, Pittsburgh 
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STATISTICAL ANALYSIS OF THE ENERGY LEVEL WIDTHS* 

A.N. Behkami 

Physics Department, Shiraz University 
Shiraz, Iran 

Characteristic nuclear level withs determined from various 
nuclear reaction for nuclei with 24<A<108 have been compared 
with a microscopic theory which includes the nuclear pairing 
interaction. Sincle particle levels of Nilsson et al. and Seeger 
et al. have been used in the calculations. The gross features of 
the experimental data due to nuclear shells are reproduced with 
the microscopic theory. The agreement between experiment and 
calculated level widths obtained from this statistical analysis 
is good considering the uncertainties in the experimental data, 
the theoretical single-particle levels and the pairing energy. 
In addition, the general trend of tnr versus (A.E )' 2 agree with 
the semi-emperical result reported previously ' 

'D. Shapira, R.G. Stokstad, and D.A. Bromley, Phys. Rev. CIO 
(1974) 1063-1082 * Supported by the imnistry of Higher Education and Research council of Shiraz University. 
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VECTOR AND TENSOR ANALYZING POWERS OF THE CONTINUUM SPECTRA 

H. Sakai, N. Matsuoka and K. Hatanaka 
Research Center for Nuclear Physics, Osaka University 

K. Okada 
Department of Physics, Osaka University 

H. Shimizu 
Department of Physics, Osaka University 

Vector and tensor analyzing powers of the continuum energy spectra for 
9 3Nb, 2 0 9Bi(d /d'X) and (d,pX) reactions at Ei=56MeV have been measured, for 

a 
the first time, over the angular range from 20° to 137° and the energy range 
from "W.2 MeV to maximum energy which is kinematically allowed. The polarized 
deuteron beam was provided by the RCNP AVF cyclotron at Osaka University. 
The figure shows the energy spectra, the vector analyzing power A and the 93 tensor analyzing powers A and A at various angles for the Nb(d,d'X) 

"*" 209 and (d,pX) reactions. The A , A and A for the Bi target are in y xx yy 93 general similar for the Nb target. 
At forward angle where the pre-equilibrium process dominates, the A , 

A and A are s. all but not zero xx yy 
for almost all energy range. At 
137° where the spectrum shape resem
bles to that of a evaporation spec- ^ 
trum, they are large in magnitude. ? 
At the lower energy end where the ; 
equilibrium process dominates, they j 
are generally consistant with zero. i 
These features on A are also observ- u 

y I 
ed in the reaction induced by 65 MeV j 
polarized protons. Thus these A of 
data indicate the importance of the 
spin dependent interaction in the 
understanding of the continuum spectra 
and also the importance of the direct J 
reaction process at backward angla as 
well as forward angle. 

While a theretical interpretation 
on the tensor analyzing power is o 
still open, the present results seem 3 
to give a new information concerning \ 
the tensor force or the deuteron 
shape effect. « 

t pi :ab) Ejllab) (MeV) 
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ANALYZING POWERS OF THE CONTINUUM SPECTRA 

H. Sakai, H. Hosono, N. Matsuoka and S. Nagamachi 
Research Center for Nuclear Physics, Osaka University, JAPAN 

K. Okada and K. Maeda 
Department of Physics, Osaka University, JAPAN 

H. Shimizu 
Department of Physics, Kyoto University, Kyoto, JAPAN 

We have measured the analyzing powers A of the continuum spectra for 
5 BNi, '?«,. 1 6 5 H o , 1 6 6 E r and 2 0 9Bi(5, 65 MeV protons from 1 2 C , 2 8 S i , 1 , 5Sc, 

p'X) and (p, dx) reactions and from y JNb and 2 a yBi(p, X) reactions. The 
polarized proton beam was provided by the RCNP AVF cyclotron. Contiuum 
spectra were measured at laboratory angles from 20° to 150". The figure 
shows the d2a/dSJ-dE and A for 9 3Nb(p, p'X), (p, dX) and (p, aX) reactions. 

The prominebt features are; 
(1) The A °f the continuum spectra were found to be small at forward angles 
where the pre-equilibrium process is important. However there is no system
atic tendency on A This fact indicates the importance of the spin-dependent 
interaction as well as the nuclear structure effect. (2) On the other hand 
the A were very large and positive at backward angles where the shape of 
the energy spectra resembles to that of an evaporation spectrum. (3) The 
maximum values of the A in the backward hemishere depnd on the target mass 
for the A < 45 mass region and they are as large as 15%, 20% and 35% for 
9 3Nb(p, p'X), (p, dX) and (p, X) reactions at E = 2 0 MeV, respectively. 

(4) These large values are mainly due to the entrance channel effect, 
conclusion is based on the 
fact that the (p, <»X) reaction 

The | has a large A values 
y 

backward data suggest that the 
direct reaction process is very 
important and constitutes a 
large fraction of the continuum 
spectrum even at backward 
ar (5) There is no appreci-
ai /en-odd mass effect on the for medium mass nuclei. 
These features were unexpected 
from the conventional pre-
equilibrium reaction models. 

f l i t ' 

* J NlJ<p.axl 

o 
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FORMULA FOR p-NUCLEUS POLARIZATION 

J . A . M c N e i l 

Department of Physics, University of Pennsylvania 
Philadelphia, Pennsylvania 19104 

Proton-nucleus elastic and inelastic scattering (and polarization) are 
dominated by the simplest features of the nuclear geometry - a radius (c) and 
diffusivity (B). By exploiting this dominance, the elastic polarization may 
be calculated in terms of the experimental elastic cross section and the fun
damental spin orbit to central amplitude ratio (w). This data-to-data rela
tion, derived in Ref. 1, is 

P(q) = 2q D(q)/(1 + q Z D ( q D , (1) 
where 

D(q) = Rew Im w 
-27l66q . , , 277B6q . 

^0(q-6q) - e ^0(q+6q) 
0(q) q is the momentum transfer, and 6q = 77/Ac. This result depends on approximat 

ing the fundamental NN amplitude by T NN A(q) + C(q)a-n - A(q)(l + wq 0-n) 
which is valid for nuclear scattering applications when tne central and spin 
orbit nuclear force ranges are short compared to the nuclear radius. Equa
tion (1) has been applied to p-nucleus elastic scattering over a wide energy 
range with considerable success. 

The data-to-data relation is more general however and could just as well 
be applied with inelastic cross sections to yield inelastic polarization. 
In Fig. 1 the measured inelastic analyzing powers of the 2 + (1.408 MeV) and 
3" (4.782 MeV) excitations of 5 4Fe for 800 MeV protons are compared with the 
prediction of Eq. (1) using the appropriate 
inelastic cross sections. As has already 
been shown for inelastic cross sections 
which can likewise be simply related to 
elastic cross section,1 it appears that 
inelastic polarizations also are controlled 
by the most general features of nuclear 
shape. 

Supported in part by the U. 
Science Foundation. 

S. National 

R. D. Amado, F. Lenz, J. A. McNeil and 
D. A. Sparrow, submitted to Phys. 
Rev. C. 
G. S. Adams, et. al., submitted to 
Phys. Rev. 
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INVESTIGATION OF (?.<* )-REACT10NS ON l 4 N , Z 4 H g , AMD 2 7A1 WITH VECTOR- AND 
TEliSORPOLARIZED DEUTERONS* 

W. Kretschmer. E. Heitz, G. Prbbstle**, C. Glashausser***, and A. Robbins"* 

Physikalisches Institut der Universitat Erlangen-Nurnberg 
Erwin-Ronmel-Str. 1 

D 8520 Erlangen, Germany 

The investigation of (d.(x)-reactions is an useful spectroscopic tool 
for the study of the levels in the residual nucleus, lie have measured (d.oc)-
reactions on the target nuclei ^H, 2^Hg, and "M with vector-polarized 
deuterons at E d=10 HeV ( 1 4N) and E.=15 HeV r 4 M g , 2 7 A 1 ) , respectively. The 
tensor^analyzing powers T-m, T,., "22 have been determined for the 
24Mg(d*,«}22|ia reaction. Host analyzing powers show very pronounced structures, 
which are mainly determined by the transferred L and J of the neutron-proton 
pair. The observables are compared with DWBA and coupled channels calculations 
which allow a rather clear information about the transferred angular momenta. 
As an example for the J-effect in the vector analyzing power (VAP) at forward 
angles the figure shows three L=2 transfers with J = 1, 2, and 3. The VAP 
for J = L • 1 exhibit large values of opposite sign whereas it is very small 
for J = L. 

L 2 ] = I U 2 ] = ; 
'HIA a I 

• • 

' • 

• 1 

- /*\ i 
1 s~~^ 

vV \y • 

• • 

• ' ' 

L--2 }-3 

30 60 90 120 

The tensor analyzing powers T 2n are all positive for 9-»0° for the 
natural parity states and negative for the unnatural parity states thus 
allowing a model independent parity asignment. All tensor analyzing powers 
are only badly described by the conventional DWBA thus indicating the in
fluence of the D-state of deuteron and oc-particle. 
*This work was supported by the Deutsche Forschungsgemeinschaft and the 
US National Science Foundation 

** SIN, 5234 Villigen, Switzerland 
*** Rutgers University, New Jersey 08854, USA 
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HUCLEAR-STRUCTURE DEPENDENCE OF ANOMALOUS ANALYZING POWERS 
FOR (p . t ) TRANSITIONS BETWEEN SUPERCONDUCTING NUCLEI 

K. Yagi, S. Kunori, Y. Aoki, K. Nagano, and Y. Toba 

Ins t i tu te of Physics and Tandem Accelerator Center, 
University of Tsukuba, Ibaraki 305, Japan 

Recently strong ground-state (p . t ) t ransi t ions in nuclei of neutron num
ber N=50-82 have been found to show anomalous analyzing powers which cannot 
be reproduced by direct one-step DWBA calculations at a l l M - In th is work, 
measurements of the analyzing powers A(e) for ground-state (p . t ) t ransi t ions 
by using 22.0-HeV polarized protons have been extended to cover 17 nuclei of 
H=50-82 including four isotopes of Pd[A(final )=108,106,10<J,102] and three 
isotopes of Ru[102,100,98]. These isotopes have been investigated because 
the neutron 2s-|/g o rb i t is located near the Fermi surface and also because 
the largest quadrupole deformation among the nuclei of H=50-82 is observed 
in these isotopes. The most st r ik ing results are shown in the f igure . A 
positive peak of tbeA(e) around 0 = 20° in 9 8Ru( 1 0 'Pd) changes to a sharp nega
t ive dip in 1 °2RU( 1 0 °Pd ) . On the other hand, a l l the corresponding cross sec
tions 0(9) have a deep minimum around 9«20c and do not show such a drastic 
change. Al l of the A(e) around 6=20° are not reproduced in terms of the one-
step DWBA while the angular shape of the corresponding o(e) is reproduced 
wel l . Then (p ,d) (d , t ) two-step processes are taken into account. The BCS 
wave functions are employed for the ground states and one-quasiparticle states 
are assumed to the intermediate states in the (p,d)(d, t ) processes^). In 
consequence not only the A(e) but also the absolute values of the a(e) are 
reproduced quite we l l . The anomalies in the A(e) around e=20° are accounted 
for as an interference between the (p ,d) (d , t ) and the direct one-step pro
cesses. The var iat ion of the A(e) around 6*20° is ascribed to ( i ) the varia
t ion of the dominant one-quasiparticle neutron orbits in the intermediate 
states of the (p ,d) (d , t ) processes and ( i i ) that of the imaginary part Ws(d) 
of the deuteron d is to r t ing potential in the intermediate states. The Ws(d) 
depends l inear ly on the deformation parameter 62- The (p,d)(d, t ) processes 
are as strong as the one-step process. This is a great surprise because 
(p , t ) transit ions between su
perconducting nuclei have 
been considered so far to 
proceed via a d i rect two-
neutron pickup owing to the 
strong pairing in teract ion. 
The above-mentioned d is 
covery is achieved by using 
the characterist ic of ana
lyzing powers which are much 
more sensitive to the nature 
of interference between 
t ransi t ion amplitudes than 
the cross sections. 

40 e c m (deg) 

1. K. Yagi, S. Kunori, Y. Aoki, K. Nagano, Y. Toba, and K.I.-Kubo, 
Phys. Rev. Lett. « (1979) 1087 
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ANALYSIS OP INELASTIC SCATTERING OF 25.25 HeV POLARIZED PROTONS FROM 
i DSi WITH DIFFERENT DEFORMATION PARAMETERS FOR THE VARIOUS 
POTENTIALS OF THE DEFORMED COLLECTIVE OPTICAL MODEL POTENTIAL 

R. de Swiniarski and Dinh-Lien Pham 

Institut des Sciences Nucleaires (IN2P3 - U.S.M.G.) 
53 avenue des Martyrs, 38026 Grenoble-Cedex, France 

Analyzing powers and cross sections for elastic and inelastic scattering 
of 25.25 MeV polarized protons from Si have been analyzed in the coupled-
channels (CC) collective model using the full Thomas deformed spin-orbit 
term. In the CC calculations with the rotational model using the code 
E O S 79 ) the 0 +(g.s.), 2 +(E = 1.78 MeV) and 4 +(E = 4.61 MeV) states in 
^ 8Si were coupled together. The optical model parameters used in the CC 
calculations were taken from ref.2) (setA) which gave a very good fit to the 
elastic cross section and analyzing power data. In this analysis, if the de
formation parameters are kept to be the same for all potentials, B2 = -0.40 
and B = O.IS, it was found that the magnitude of the analyzing power as well 
as that of the cross section for the 4 + state are not well reproduced^) . we 
therefore varied for each state the ratios Bj/Breal< 2 /B and B /6 . . 
where B., B T_, 8 and B are respectively the deformation parameters tor 
the surface imaginary, spin-orbit. Coulomb and real central potentials of the 
deformed optical potential. Improved fits were then obtained mainly for the 
4 state, and the results obtained are shown in Table 1. 

TABLE 1 
R a t i o s o f de fo rma t ion p a r a m e t e r s (B 

r e a l 
= - 0 . 4 0 f o r 2 and 0 .15 fo r 4 ) 

< V B r e a l B L S / 8 r e a l P C / S r e a l gs gs 
x a 2 + * p 2 +

 x a 4 + 

1. 1651 332 1520 674 1412 943 6535 

1 .26(2 ) 0 . 6 7 ( 2 ) 0 . 7 1 ( 2 ) 

0 . 7 9 ( 4 + > 2 . 5 0 ( 4 + ) 0 . 6 7 ( 4 + ) 
1743 290 1326 851 676 244 5132 

We c o n c l u d e t h a t b e t t e r ag reemen t w i t h t h e d a t a i s o b t a i n e d by u s i n g d i f f e 
r e n t d e f o r m a t i o n p a r a m e t e r s f o r t h e v a r i o u s p o t e n t i a l s o f t h e deformed o p t i 
c a l p o t e n t i a l . 

To i n s u r e whether t h i s i s j u s t a q u e s t i o n o f p a r a m e t r i z a t i o n o r t h a t 
i n t e r r e l a t i o n s be tween t h e d i f f e r e n t d e f o r m a t i o n p a r a m e t e r s r e a l l y e x i s t and 
a r e r e q u i r e d , a s was r e c e n t l y s u g g e s t e d ^ ) , t h i s q u e s t i o n h a s s t i l l t o b e i n 
v e s t i g a t e d . 

1 . J . R a y n a l , ECIS 7 9 , S a c l a y , F r a n c e , 1979 ( u n p u b l i s h e d ) 
2 . R. d e S w i n i a r s k i e t a l . . Can . J . P h y s . 51_ (1973) 1293 
3 . h . Essen and E . F . H e f t e r , A t o m k e r n e n e r g i e , K e r n t e c h n i k Bd, 34 (1979) 131 
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SWMETRICAL NUCLEAR STRUCTURAL MODELS FOR 
FISSIONABLE NUCLEI 

S . M. Ayub 

A-2, aliss Apartments, 4/1 .McNeil Road 
Karachi / PAKISTAN 

Syntnetric binary fission being more common than teriary fission, we will 
be dealing mainly with the former. The fission phenomena has been analysed 
by the incompressible lirprirl drop and droplet models and by considering the 
differential of the energies of the whole nucleus and its primary two halves, 
correcting far asymmetry. By either methods the value of the Bohr-wheeler 
constant, Z/A,is identical. In magic numbers nuclei, however, the phenomenon 
is adequately explained by the Shell model. 

The fission nuclear phenomena has been dealt with theoretically in terms 
of neutron cross-sections for fissile and non-fissile isotopes. For instance 
the neutron cross section of U235 i s much larger than for the non-fissile 
isotope U 2 3 8 . This has been confirmed experimentally, the ratio of neutron 
cross sections of U 2 3 5 and U 2 3 8 being 6.315 approximately. 

Viewing from nuclear structural angle, the phenomenon of binary 
fission, requires good explanation for why the neutron cross-section of the 
fissile nucleus is larger at all. The phenomenon has to be understood in 
terms of nuclear structural difference. A p-agmatic evaluation has to be 
made of nuclear structure itself. Even though, the picture may emerge at 
any one instant, we have to take into account a dynamic system of nucleons 
inside the nucleus. 

We may take the Single Particle - Shell mixed modality. We cannot 
escape the conclusion that the nuclear farces are saturated in character, 
their range in the lighter normal nuclei being 1.2xl0 - 1 3 cm. In a dynamic 
system, with the nucleons being in their respective Shells, within the zone 
of the spatial nuclear range, not more than four nucleons can accomodate 
themselves. Therefore...at any particular instant, these should form a 
conglomerate with "•(*} interactions. The fifth particle as an adjunct 
to this conglomerate in the exceptional Optical model does not count for 
drawing generalised conclusions. 

One of the crucial tests of this combinational dynamical picture on the 
mixed modality would be its ability to yield a correct value of the binding 
energy per nucleon, -B/A, as nearly 8.5 MeV. Actually, when the six 
forces are computed, taro exchange forces and four uni-directianal change 
forces, the value of -B/A, hitherto evading a successful solution, yields 
the correct value. 

This research profounds that the arrangement of nucleons in the fissile 
nuclei is symmetric whilst that in the non-fissile isotope is un-symmetric. 
The symmetric configuration facilitate the initial binary breaking of the 
fissile nucleus. Thus U 2 3 5 nucleus would consist of a symmetric arrangement, 
viz 23 configurations of n,p; n,p on the sides of the ellipsoid and 
35 n,n; n,n configurations in the middle with a trio of n-n-n in their 
respective shell positions, at any instant. This can be tested experimen
tally by scattering experiments, where the fissile nuclei would behave 
as at least two charge-centred bodies as against the non-fissile isotope 
being a single charge-centred body. Confirmations of this would be very 
interesting. 
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TOTAL KINETIC ENERGIES OF FISSION FRAGMENTS, TERNARY FISSION 
AND NEUTRON PRODUCTION FOLLOWING PROTON BOMBARDMENT OF 2 3 2Th AND " 5 - " « - " B 0 t ) 

H.H. Duhm, G. Hallfarth, P. Plischke and W. Scobel 
Zyklotron, I. Institut filr Experimentalphysik 

Universitat Hamburg, D-2000 Hamburg 50, Fed. Rep. of Germany 
Masses and total kinetic energies of fission fragments in

duced by (p,pf) and (p,af) reactions on 2 3 2Th and 23 6. 2 3 Bu have 
been measured at 13 and 26.5 MeV incident energy using semicon
ductor detector telescopes and a position sensitive AE,E ioniza
tion chamber. The total kinetic energies observed in (p,pf) on 
232T;> and "6, 2 3»u exhibit quite different slopes with excitation enercy similar to observations in (ct,af) by the Groningen-Bonn 
collaboration1'. The (p,otf) reaction is used to obtain values of 
the fission barriers for 2 2 9Ac and 2 3 3 ' 2 3 5 P a with an unexpectedly 
small value for 2 2 9Ac with about 6.9 MeV. At lower a-energies the 
ternary fission process seems to be important even at fission 
angles very close to the a-recoil axis. 

Neutron emission at 0° and 90° with respect to the fission 
fragment direction has been measured for 2 3 S > 2 3 7 ' 2 3 B u and several 
proton energies. Separation into pre- and postfission contribu
tions shows that the minimum of the postfission neutron multipli
city near A= 132 rapidly vanishes with increasing excitation 
energy. The average kinetic energies<£n'ns> f o r postfission neu
trons from p+ 2 3 5 ' 2 3 6 - 2 3 B u essentially differ for the heavy frag
ment only (Fig.2). The same applies to the comparison of p+ 2 3 B U 
at different projectile energies,indicating that most of the in
creased excitation energy is transferred to the heavy fragment. 
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t) Supported by the Bundesministerium fur Forschung und Technologie 
1) P. David et al.. Int. Symp. on Physics and Chemistry of 

Fission, Julich (1979), extended synopsis p. 76 
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THE DROPLET MODEL AND A SYSTEMATIC STUDY OF SPONTANEOUS FISSION HALF-LIVES 
FOR THE EVEN-EVEN NUCLEI+ 

E.L. Medeiros and O.A.P. Tavares 
Centro Brasileiro de Pesquisas FTsicas - CNPq 

22290 Rio de Janeiro-RJ, Brasil 
Several attempts were made in order to correlate the spontaneous fission 

half-lives of nuclei, Ti/2> with simple nuclear parameters such as the mass 
number A, the neutron number A-Z, Z^/A, and the fissility parameterl>2). 
Swiatecki3) has shown that the deviations from a smooth trend of T=log-|o Tl/2 
vs Z2/A could be explained by the deviations 6M of the ground-state masses 
from a reference liquid drop model mass formula. We followed the Swiatecki's 
analysis as a guide to perform a similar systematics of spontaneous fission 
half-lives for the even-even nuclei of Z >. 90. In the present analysis, how
ever, we take 5M as the difference between the calculated mass according to 
the Droplet Model of nuclei by Myers and , 0 

Swiatecki and the experimental mass. The 
values of 5M (in MeV) are those re
ported by Myers*). 

The peculiarities of a plot of r e
 zo 

vs 6M have suggested us a formula of 
the type T=a-be+c66M, 8=Z2/A-d, as a 
possible way to fit well the measured ,„ 
T e. A least-squares treatment with data _ 
rejection (taking "v.80 values of x e from - M literature) resulted in a=30.48±0.07, ^ 
b=6.55±0.01, c=1.35±0.01, and d = £° 
33.39+0.01. In the figure the "cor- 2. 
rected" half-lives T e-cB6M (open £ 
circles) are seen to be fairly well 
distributed around the straight line "lc 

xs=a-be. Points in parentheses refer to those nuclei for which experimental 
masses were taken from the 1977 Atomic .% 
Mass Table by Wapstra and Bos. Filled 
circles represent experimental half-
-lives. The goodness of this fitting 
procedure can be inferred from the dis- - » ^ — ' — ^ — ' — ^ — ' — ^ — ' — « — 
tribution of the ratio R of calculated to Z*/A 
experimental half-lives (inserted figure). 

As conclusion, we point out that although the quantity <5M defined in the 
present systematics includes semi empirical shell corrections to the ground-
-state nuclear masses (cf. Swiatecki3)) its remaining fluctuations are still 
strongly correlated with the spontaneous fission half-lives when these latter 
are analysed in terms of Z2/A. 
+This work was supported by the Brazilian Conselho Nacional de Desenvolvimen-
to CientTfico e Tecnologico-CNPq. 
1. E.K. Hyde, in The Nuclear Properties of the Heavy Elements, vol. 3 (Prenti 

ce-Hall, Englewood Cliffs, 1964) p. 77 
1. R. Vandenbosch and J.R. Huizenga, in Nuclear Fission (Academic Press, New 

York, 1973) p. 46 
3. W.J. Swiatecki, Phys. Rev. J00 (1955) 937 
4. W.D. Myers,in Droplet Model of Atomic Nuclei(IFI/Plenum,New York,1977)p.35 
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THEORETICAL STUDY OF FISSION DYNAMICS BY MUON-INDUCED FISSION 
V. E. Oberacker * 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

0. A. Maruhn 
University of Frankfurt 
Frankfurt, West Germany 

If a target material 1s irradiated with a v~ beam, some of the muons are 
captured into high-lying atomic states (n = 14) from where they cascade down 
to the Is ground state of the atom by emitting characteristic x-rays or by 
radiationless transitions (Auger electrons, nuclear excitation). In the acti-
nides, the maximum transition energies exceed both the neutron separation 
energy and fission barrier height so that prompt neutron emission or fission 
becomes possible. In a fission event, the muon will be Ionized or remain at 
one of the fragments from where it decays by weak interaction resulting in 
delayed neutron emission. From a measurement of the delayed neutrons in coin
cidence with fission, one can deduce the probability P^ that the muon stays 
at the heavier fission fragment. Recent experiments by Schroder et a!. 1) 
yield Py > 0.9 for 9 3Np and 9i,Pu isotopes. The probability P^, as weTl as 
the excitation energy of the muon, are expected to depend upon the fission 
dynamics. 

In our theoretical model the fission mode is treated classically in 
terms of an elongation and a mass asymmetry coordinate, utilizing different 
friction coefficients. We solve the time-dependent Schrodinger equation for 
the u" wavefunction during fission of a 2aSPu nucleus in a 2d spatial grid 
assuming symmetry around the Z-axis. The figure shows a contour plot (arbi

trary units) of the muon position probability density for a separation s = 
53 fm between the fission fragments; the center of each fragment is indicated 
by a star. We find an observable dependence2' of the muonic final state upon 
the friction coefficient and the fragment mass asymmetry Aj^/AL which will be discussed in detail. 
* 
Research sponsored by the Division of Basic Energy Sciences, U.S. Department 
of Energy, under contract W-7405-eng-26 with the Union Carbide Corporation. 
1. W. U. Schroder et al_., Phys. Rev. Lett. 43 (1979) 672. 
2. J. A. Maruhn et aj_., preprint, ORNL (Nov. 1979). 
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EFFECT OF A PROTON SCATTERING RESONANCE 
ON THE TARGET K X-RAY PRODUCTION PROBABILITY* 

J. F. Cherain,+ Ch. Stoller, R. Anholt and W. E. Meyerhof 

Department of Physics 
Stanford University 

Stanford, California 94305 

Blair et al. ) have demonstrated that the probability of Ni K x-ray pro
duction by protons elastically scattered from Ni changes as the proton 
energy is varied across the st nuclear resonance at 3.151 MeV (lab.). They 
show that this experiment determines the phase of the monopole Ni K-shell 
ionization amplitude on the way into the collision. They find a discrepancy 
with the results of the standard semiclassical approximation2) calculation 
for the monopole amplitude. In order to see whether this is a general pheno
menon, we are determining the target K x-ray production probability by pro
tons elastically scattered from various nuclei ( Sr, l 1 2Cd, ^4pej i n the 
neighborhood of pronounced proton resonances. So far we have shown that for 
the 5.056-MeV proton resonance in "°Sr there is a variation of the Sr K x-ray 
production probability across the resonance, but the effect is not yet clear
ly outside of statistical uncertainties. Additional results will be reported 
at the Conference and a comparison with theory will be presented. 

*Work supported in part by the National Science Foundation. 
tRecipient of NATO Fellowship (1979). Permanent address: Centre d'Etudes 
Nucle'aires, University of Bordeaux I, 33170 Gradignan, France. 

t+Recipient of Swiss National Science Foundation Fellowship (1979-80). 
1. J. S. Blair et al., Phys. Rev. Lett. 41_, (1979) 1712 
2. J. Bang and J. M. Hansteen, K. Dan. Videns. Selsk., Mat.-Fys. Medd. 3_1̂  

(1959) No. 13 
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STUDY OF BARYONIC (£.++,2n) AND DIBARYONIC (T=l) COMPONENTS IN !He. 

B.Tatischeff, J.P.Didelez, R.Frascaria, M.Morlet 

I ns t i t u t de Physique Nucleaire, BP n ° l , 91406 Orsay, France 

A.Boudard, J.L.Escudie, M.Gargon, Y.Terrien 

DPh-N/ME, CEN Saclay, BP n°2, 91190 Gif-sur-Yvette, France 

R.Beurtey, L.Farvacque 

Laboratoire National Saturne, BP n°2, 91190 Gif-sur-Yvette, France 

G.M.Temmer* 

DPh-N, CEN Saclay, BP n°2, 91190 Gif-sur-Yvette, France 

Using the proton beam at Tp=925 MeV from the Saturne 2 synchrotron and 
the SPESI f a c i l i t y , both (p. t ) and (p,d) transfer reactions have been studied 
with a l i qu id 'He target. In both experiments missing mass spectra were re
corded. 

In the f i r s t one 3He(p,d)X, t r i tons were detected at the following lab. 
angles : 6° , 10°, 14°, 22° and 40°. At each angle, the missing mass spectrum 
exhibits a hump around Mx̂ 1232 MeV superposed on a continuum corresponding to 
the inclusive reaction X=p+ti+. The forward t r i ton emission corresponds to back
ward A++ emission, therefore the probabi l i ty to see the contribution of aHe 
baryonic component (A++,2n) is enhanced. The cross sections at the three small
est angles agree with previous measurements'). The increasing shape of the 
cross sections for ô +S less than 100° (9 i a b >22 0 ) , corresponds probably to 
other processes. Calculations, done by H.J.Weber2), are in progress. 

In the reaction 3He(p,d)X', deuterons were detected at the following lab. 
angles : 6 ° , 10" and 40°, with the aim to search for possible dibaryonic compo
nent 2>(T=1) in 3He (of a b=6°,10°) or to study the production of a such dibaryon 
in the f ina l state (e f a b =40 o ) . In the last case, for a Mj>=2150 MeV, $ a b=54°. 
The present missing mass experiment is part icular ly convenient to f ind narrow 
resonances and the data which were analysed so far in a very preliminary stage 
seem not to show (within the l imi ts of a very small cross section) any reso
nance at My'=2020 or 2060 MeV as theoret ical ly predicted 3 ) . At 6 and 10 , we 
have studied the l"U ranging from 1900 and 2120 MeV, and at 40° from Mp=2100 
unt i l 2280 MeV. Final data w i l l be presented and discussed. 

On leave of Rutgers University, U.S.A. 
' ) B.Tatischeff et a l . , Phys. Let t . 77B_ (1978) 254. 
" " '.Weber, to be published. M H.J 
') M.H Mac Gregor, Phys. Rev. Let t . 42 (1979) 1724 and Phys. Rev. D20 (1979) 

1616. ~ 
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THE MICROSCOPIC CALCUiJlTION 01? THE SPECIAL DISTORTION 
EFFECTS 1H d+3He ELASTIC SCATTERING 

Zeng Fan-an Zhao Xuan Huang Wei-zhi 

I n s t i t u t e of Nuclear Research, Shanghai, China 

The resonant ing group mothod (ROM) i s an e f f ec t i ve mothod 
desci*lbing the c l u s t e r i n g phenomena in l i g h t n u c l e i l ) . The 
purpose of the p re sen t paper i s to s tudy t h e inf luence of t h e 
s p e c i a l d i s t o r t i o n e f f e c t s on the d i f f e r e n t i a l cross s e c t i o n s 
of e l i s t i c s c a t t e r i n g in d+ He system with channel spins -Jr and 
•\ . We did the c a l c u l a t i o n s a t 8.64 Mev , 10 Mev and 13.84 Mev 
c m . e n e r g i e s . We took the following antisymmetic wave func t ion 
with s ing le channel approximation 

where the second term r ep re sen t s the in f luence of the s p e c i a l 
d i s t o r t i o n of deuterium in the system. In e q ( 1 ) , 

where R3 and "a a r e the c m . coodinates of 3He and d resDec-
t i v e l y , »"=0.367 2 ) , A, =1 .0 , A,=3.631, Aj=5.746, •*, =0.07284fm 1 . 
<*-^.SbSfm- 1, * J =1.4696fm- 1 ' ) . We r e q u i r e ^ J ; to s a t i s f y t h e 

fol lowing r e l a t i o n s : 

< i « l % > J i l " r ' / ( 4 ) • <*tt\H&fJ>S= *»***% 

Using the p r o j e c t i v e equat ion, we can immediately deduce 
t h e equat ion, <* 5 *,S | H -E ' I4I4> ^ S F , ' ? ' ^ . 

c« 

c" 
where the Hamitonian H and the parameters 
concerned are taken from reference2), except 
the nuclear force exchange mixing parameter, 
we took u=0.925. ¥J; is a linear combination of Xii which were obtained in reference2). 
According to the condition of the phase shift 
stability, we get immediately the nonlinear 
distortion parameters shown as follows: 
J, =0.18, »t=0.20, 8^0.22,% = 3> £ =0.30 for spin=± ; sr,=0.90, 51=1.20, 3;=1.50, 3=0.40, 
% =0.31 ,%=0.20 for spln= y, . Finally, the 
elastic differential cross sections are 
obtained. From figurel, we can see that our 
calculation obtained with the special distor- •-»•»' 
tion effects agrees better with experimental results. Of couse, 
futher improvement could be achieved if other channels are taken 
into account. 
1. Y.C.Tang, phys.Rop.vol.47.No.-3 169 (1978) 223 
2 . I.Reicnstein.D.R.Thompson,4~Y.G.Tang,Phys.Rev.03(1971)2139 
3 . D.R.Thompson A Y.C.Tang, Fhys.Rev.C8(1973) 164<T 
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EXPERIMENTAL STUDY OF 3 He(p ,n+) 4 He REACTION NEAR THRESHOLD 

Y . L e B o r n e c , L. Bimbot, V. Comparat, N. Koori , F . Reide 
A. Willis and N. Willis 

Institut de Physique Nucleaire, B . P . n ° l , 91406 Orsay, France 

The extensive study of (p,n+) experiments undertaken with the beams 
from the Orsay Synchrocyclotron and the Satume Synchrotron has been re 
cently extended to ^He(p,w+) He reaction near threshold. The initial and 
final state wave functions are supposed well known up to very large momenta 
and one can hope to extract informations on the reaction mechanism. 

The two energies of the new Orsay S. C. proton beam i. e. 166 MeV and 
201 MeV have been used for the f irst steps of the investigation of the energy 
dependance near threshold which will be allowed in the next future, by a con
tinuous variation between these two values. A special set up, described in the 
contribution He(^He,ir + )°Li to this conference, has been built for the de
tection of pions . It has been tested on ^ B t p . i t J ^ B at T p = 201 MeV and the 
results are in good agreement with those of Indiana ) . 

For the 3rle(p, n + ) He experiment a 
70 m g / c m ' 3 He-l iquid target has been used. 
The shapes of the crude peaks obtained in the 
focal plane are presented on Fig. 1. 
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Fig . 1 Fig. 2 
At 201 MeV an angular distribution of the cross - sec t ion has been measured 

from 2 0 ° i a b to 150°i a jj . On Fig. 2 we only report very prel iminary results for 
forward a n g l e s . Statistical error bars are included in the point s ize but the 
overall uncertainty on absolute values has stil l to be es t imated . 

At 166 MeV the peak of Fig. 1 i s obtained by matching five measurements 
done at f ive different magnetic f ie lds . The accurate absolute value i s not yet 
extracted and one can only say that there i s about one order of magnitude 
between high and low-energy measurements . 

This experiment complements a previous one done at 415 and 716 MeV ). 
All the '•"Hults are preliminary and will be precised in the next future. 

* Permanent addreas : Kyushu University. Japan 
1. P . H . P i l e et a l . . Phya. Rev. Lett. 42 (1979) p. 1461 
2. B . Tatischeff et a l . . Fhyi . Lett. B63 (1976) p. 158 
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NUCLEAR STRUCTURE OF 9 9Tc AND THE 
INTERACTING BOSON FERHION MODEL (IBFM)* 

D. Hlppe, H. W. Schuh, A. Gelberg, U. Kaup, K. 0. Zell, 
and P. von Brentano 

Institut fQr Kernphyslk der Universitat zu Koln, 
D-5000 Koln 41, West-Germany 

The level scheme of 9 9Tc was J investigated with ln-beam y-
spectroscopy using the 96Zr(6Li,3ny)99Tc* reaction. We have dis
cussed the positive parity levels in the frame of the IBFM. As a 
first step we described the core nucleus 9 8Mo by the IBA-1 model 
in the SU(5) limit. The data have been_taken from ref. 3. F and 
G correspond to the parameters v 2 and v 0 in ref. 1. With this core and the hamiltonian for the odd nucleus of ref. 2 we descri
bed the positive parity levels of 9 9Tc by a pure ga/j shell. In 
the figure we show besides the yrast band and the (2* x g^/z) mul-
tiplet the two lowest calculated states of each. spin. The agree
ment is very satisfactory giving new evidence for the Pauli term 
in the IBFM hamiltonian. 
1) A. Arima, F. I a c h e l l o , Annals of Phys ics , Vol. 99_, 2 (1976) 
2) F. Iache l lo , 0 . Scholten, Phys. Rev. Lett . £3 , 679 (1979) 
3) C. H. Lederer, V. S. Shirley e d . , Table of I sotopes , 7th ed. 
• Supported by BHFT 
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EXPERIMENTAL INVESTIGATION OF PHOTONOCLEAR REACTIONS 
IN THE A-RESONANCE REGION+ 

J. Arends, J. Eyink, H. Hartmann, A. Hegerath, K. G. 
Hilger# B. Mecking, G. Noeldeke, H. Rost 

J ,"' M 

Physikalisches Institut der Universitat Bonn 
Nuflallee 12, 53 Bonn, W.-Germany 

Using the tagged photon beam of the Bonn 500 HeV synchro
tron photonuclear reactions were investigated in the photon 
energy range 200-390 MeV for a series of nuclei (He, Be, C, 0, 
Ti, Cu, Sn, Pb). The aim of these measurements was to get infor
mation on the total hadronic cross section as well as to study 
specific inclusive reaction channels. 

Mass and energy of charged particles were determined si
multaneously in the angular range 20 -140 using 5 time-of-flight 
spectrometers. In a second large solid angle scintillation 
counter setup charged and neutral hadrons could be detected in 
coincidence. 

The integration of the 
measured energy- and angular 
distributions gives a lower 
limit for the total hadronic 
cross section. A correction 
for the unobserved fraction 
of the total hadronic cross 
section is made using the 
results of an intranuclear 
cascade computer code. Com
pared to the cross section 
for free nucleons an appre
ciable damping of the A-re
sonance excitation is observed 
for all nuclei under investi
gation, (see figure for 1 2C) 

Xhe data obtained with this experimental setup can be 
further analysed for specific reaction channels. The main con
tributions to the total cross section in the photon energy range 
considered - quasifree pion production and quasideuteron reac
tions - are investigated and compared to Fermi-gas Monte Carlo 
calculations for nuclear photoabsorption. 

J'l 
I i 

i I i i • i i i\ 

* data for "C 

cum of elementary 

+ This work was supported by the Bundesministerium fur 
Forschung und Technologie (BMFT). 
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ELASTIC AND INELASTIC PHOTON SCATTERING BY THE 1 ^ C , 1 6 0 , 
2 8 S i , AND 5 2 c r NUCLEI 

B.S . Ishkhanov, V.I .Mokeev, Tfu.A.Novikov.E.S.Omarov, 
I .M.P i skarev 

I n s t i t u t e of Nuclear P h y s i c s 
Moscow S t a t e U n i v e r s i t y 

Moscow 11723^, USSR 

Using the beam of Y-bremss t rah lung from t h e Moscow S t a t e 
U n i v e r s i t y I n s t i t u t e of Nuclear Phys i c s b e t a t r o n , we have mea
s u r e d the c ro s s s e c t i o n s f o r t h e e l a s t i c s c a t t e r i n g of photons-
from 'Hi and I60 n u c l e i and for t h e e l a s t i c and i n e l a s t i c . , 
s c a t t e r i n g l e a d i n g t o t h e e x c i t a t i o n of t h e l e v e l s w i t h J " = 
= 2 , D+, 2 + a t t h e energy 1 .78 ,_4 .98 . and 15 .3 Mev in 2 8 S i 
n u c l e u s and of t h e l e v e l s w i th J " = 2+, 2 + a t t h e energy 1 . 4 3 , 
2 .96 Mev in 52QE n u c l e u s . 

The s c a t t e r e d photons ..ere d e t e c t e d by a s c i n t i l l a t i o n 
spec t rome te r w i t h N a l ( T l ) c r i s t a l 15 cm in d i a . and 15 cm n i g h 
mounted a t angle 90° r e l a t i v e t o t h e pr imary If-beam. The e n e r 
gy s p e c t r a of photons were measured a t t h e end-po in t f̂ - b r e m s -
s t r a h l u n g energy ES^x = 32 .0 Mev fo r "2c and 1 5 0 and a t 16 v a 
l u e s of E B 8 * ( f r o m ' 1 3 . 1 t o 31 .0 Mev) f o r ^ S i and 5 2 c r . From 
t h e s e energy s p e c t r a , we have c a l c u l a t e d t h e e l a s t i c and i n e l 
a s t i c s c a t t e r i n g c r o s s s e c t i o n s . The p o s i t i o n of t h e maxima...of 
e l a s t i c s c a t t e r i n g c r o s s s e c t i o n s o b t a i n e d i s in r e a s o n a b l e 
agreement w i t h t h e i r p o s i t i o n s in t o t a l pho toabsorp t ion c r o s s 
s e c t i o n s . 

Within t h e framework of d i s p e r s i o n t h e o r y , we have a n a 
lyzed t h e r e l a t i o n s h i p between t h e maxima in t h e c ro s s s e c t i 
ons f o r t o t a l pho toabso rp t i on and e l a s t i c s c a t t e r i n g . The a n a 
l y s i s has r e v e a l e d t h a t t h e E1 photon a b s o r p t i o n i s dominant 
f o r maxina in t h e energy range from 2 2 . 0 t o 24.0 Mev in n 2 C , 
a t 22 .3 end from 24 .0 t o 25-0 Mev in T f c>0, a t 20 .5 and 2 3 . 0 Mev 
in 28SJ_ gjjfl a t 20 .0 Mev in 5 2 c r . The p o s i t i o n of l e v e l s a s s o 
c i a t e d mainly w i t h t h e E1 absorp t ion of photons i s q u i t e c o n 
s i s t e n t w i t h s h e l l - m o d e l c a l c u l a t i o n s . For remaining l e v e l s of 
t h e i n t e r m e d i a t e s t r u c t u r e t h e r e p r e v a i l e s t h e p h o t o a b s o r p t i o n 
of m u l t i p o l a r i t y o t h e r than E 1 . 

The i n t e g r a t e d c r o s s s e c t i o n s fo r e l a s t i c s c a t t e r i n g of 
photons in t h e energy reg ion t o 31 .0 Mev a r e : 0 .35 + 9*03 , . 
0 , 6 2 + 0 . 0 7 , 2 .20 + 0 . 4 0 , and S.OO + 0 .50 Mev.mb f o r 1 2 C , 1 6 0 , 
^ S i j ' a n d 52Cr r e s p e c t i v e l y . For 1 2 C and 16o, the i n t e g r a t e d 
c r o s s s e c t i o n s f o r i n e l a s t i c photon s c a t t e r i n g do no t exceed 
5 % of t h e e l a s t i c s c a t t e r i n g c ro s s s e c t i o n . The i n t e g r a t e d 
c r o s s s e c t i o n s f o r i n e l a s t i c s c a t t e r i n g c o n s t i t u t e 0 .80 + 0 . 3 0 
O.70 + 0 . 4 0 , and 0 .24 + 0 .02 Mevmb when t h e 1 .78, 4 . 9 8 , " a n d 
1 5 . 3 3Jev l e v e l s of 2 8 s l a r e e x c i t e d and 3 .00 + 0.50 and 1 .20 + 
+ 0 .50 Mevmb fo r t h e 1.43 and 2.96 Mev of s^Sr, r e s p e c t i v e l y ! 
A s i g n i f i c a n t p robab ly f o r t h e e x c i t a t i o n of t h e f i r s t two l e 
v e l s of 52cr w i t h J 1" = 2 may suggest t h e e x i s t e n s of q u a d r u -
p o l e component of n u c l e a r v i b r a t i o n and a s t r o n g coup l ing b e t 
ween t h e d i p o l e and quadrupole v i b r a t i o n s , which l e a d s t o h i g h 
v a l u e fo r t h e t e n s o r p o l a r i z a b i l i t y of t h e n u c l e u s . 
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PHOTONUCLEAR CROSS SECTIONS OF 2 9Si AND 3 0Si 

M.N. Thompson, R.E. Pywell, P. Kean,G. Odgers 

School of Physics, University of Melbourne, Parkville, 3052 Aust. 

B.L. Berman 

University of California, Lawrence Livennore Laboratory, Livermore,Cal. 94550. 

The photonuclear cross sections of Z 9Si and 3 0Si were studied with ref
erence to the effects produced by adding 1 and 2 neutrons to the closed sub-
shell nucleus 2 8Si. The influence of valence neutrons on the 1 6 0 core has 
been observed previously by Johnson et 1.1). 

Using isotropically enriched targets, photoneutron cross sections for 
2 9Si and 3 DSi were derived from yield curves measured from threshold to 28 MeV 
at intervals of 100 KeV. The bremsstrahlung were obtained from a 35 MeV 
betatron in this laboratory, and the neutrons were detected using an effic
ient 4it 1 0BF3 detector. The cross sections obtained are shown in the figure. 
The Z9Si(-f,n) cross section shows a basic similarity with the 2BSi(Tr,n) cross 
section, with the presence of what might be strength due to the valence 
neutron below 17 MeV. The cross section 3 0Si(Y,n) is more complex and not 
readily interpretable in terms of valence neutrons weakly coupled to a 2 8Si 
core. 

Measurements of the 2 9 , 3 0S(Y,p) cross sections were also made by measur
ing yield curves of residual activity. The resolution of these cross sections 
is considerably less than that of the photoneutron cross sections, but it is 
expected that together with the photoneutron cross sections, they might 
clarify the mechanism for photoreactions in these nuclei. 

20.81-

o.e M.a m.e 24. e 
t Supported in part by the Commonwealth Research Grants Committee 
1) R.G. Johnson, B.L. Berman, K.G. McNeil, J.G. Woodworth, J.W. Jury 

Rev. C. 30 (1979) 27. 

20.B 

. Phys. 

862 



A STUDY OF THE 1 2 C ( # , p ) 1 ' l B REACTION LEADING TO THE 
FORMATION OF THE FETAL NUCLEUS IN INDIVIDUAL STATES 

B.S . I shkhanov , I .M.Kapi tonov, V . I .Shvedunov , 
A.V.Shumakov, and V.V.Varlamov 

I n s t i t u t e of Nuclear Phys i c s 
Moscow S t a t e Universi ty-

Moscow 117234, USSR 

The s tudy of p h o t o n u c l e a r r e a c t i o n s g i v i n g r i s e t o occu
p a t i o n of c e r t a i n l o w - l y i n g l e v e l s of f i n a l n u c l e i makes p o s 
s i b l e a s i g n i f i c a n t advance in our u n d e r s t a n d i n g of t h e n a t u 
r e of h i g h l y e x c i t e d s t a t e s i n t h e g i a n t d i p o l e resonance r e 
gion ( # 2 0 Hev). For t h e '^C nuc leus t h e g r e a t e s t c o n t r i b u t i 
on t o t h e pho toabsorp t ion c r o s s s e c t i o n comes from t h e ()f ,p ) 
r e a c t i o n . Our purpose vjas t o ob ta in the energy dependence of 
t h e p a r t i a l c ross s e c t i o n s f o r the " ^ ( y ,p)1*B r e a c t i o n . 
Using a s emiconduc to r - coun te r t e l e s c o p e , we have measured t h e 
pho topro ton energy s p e c t r a on t h e b r emss t r ah lung beam from a 
b e t a t r o n . The end-po in t energy E ^ 8 * was: 2 1 . 7 , 2 3 . 4 , 25 -0 , 
2 6 . 6 , 2 8 . 2 , 2 9 . 6 , and 31«0 Mev. Each photopro ton spectrum r e 
p r e s e n t s t h e sum of c o n t r i b u t i o n s from t r a n s i t i o n s to i n d i v i 
d u a l l e v e l s of t h e f i n a l n u c l e u s . Measurements a t t h e v a r i o u s 
jijmax v a x u e s W i t h a s t e p l e s s than t h e d i s t a n c e between l e v e l s 
( o r between t h e c e n t r e s of g r a v i t y of c l o s e l y i n g l e v e l s ) e n 
a b l e s one t o s e p a r a t e t h e i n d i v i d u a l r e a c t i o n channels m d t o 
o b t a i n t h e energy dependence of t h e p a r t i a l c r o s s s e c t i o n s 1 ) . 
The f i g u r e i l l u s t r a t e s t h e ob ta ined 
c r o s s s e c t i o n s f o r t h e r e a c t i o n 

^ K U tP) r e s u l t i n g in t h e f o r m a t i 
on of t h e f i n a l nuc l eus 1 1 B in t h e 
ground s t a t e ( a ) and t h e s t a t e s 
w i t h t h e e n e r g i e s 2 .12 Mev (b ) -
f i r s t e x c i t e d s t a t e and 4 . 7 0 Mev 
( c ) - a. combination of a second and 
t h i r d e x c i t e d s t a t e s w i t h e n e r g i e s 
4 . 4 4 and 5 .02 Kiev. M 0 p o p u l a t i o n 
has been observed fo r t h e h i g h e r -
- l y i n g groups of l e v e l s , ^he s o l i d 
cu rve r e p r e s e n t s t h e d a t a on t h e 
( P i Y 0 ) r e a c t i o n 2 ) , i n t h e reg ion 
up t o 3 0 . 5 Mev t h e i n t e g r a t e d c ross 
s e c t i o n s f o r p a r t i a l r e a c t i o n s a re 
7 3 . 7 + 1 .0 , 22 .0 + 0 . 6 , 4 . 3 + 0 . 3 % 
r e s p e c t i v e l y of tEe t o t a l p h o t o p r o 
ton r e a c t i o n c ro s s s e c t i o n . 

Ift.'M-

I 1 • • I i"V ^/->—L\|J 

1 . V 7 .Var lamov, B .S . I shkhanov , I .M.Kapi tonov, Zh.L.Kocharova, 
ar.1 V.I .Shvedunov, N u c l e a r Phys ics ( S o v i e t ) , 28 , 590 (1978) 

2 . R . G . A l l a s , S.S.Hanna, L.CIeyer-Schutzmeis ter , and H . E . S e g e l , 
N u c l e a r P h y s i c s , 5J|, 122 (196*) 
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FINITE SIZE EFFECTS ON THE CROSS SECTION OF BREMSSTRAHLUNG 
H. Ogata 

Department of Physics, University of Windsor, 
Windsor, Ontario, Canada. N9B 3P4 

and 
J. Asai 

Accelerator Laboratory, University of Saskatchewan 
Saskatoon, Saskatchewan, Canada. S7N 0W0 

In most of the photonuclear reactions, it is customary to use a photon 
radiator to convert the primary incident electron beam into the beam of 
Bremsstrahlung radiation beam. While the result of the succeeding photo-
nuclear reaction is meaningfully interpreted if the Bremsstrahlung intensity 
spectrum is accurately known, there has been no reliable experimental deter
mination of the intensity spectrum. This makes it very important to have 
an accurate theoretical estimate of the Bremsstrahlung cross section avail-
abile for various incident electron energies and for the entire region of 
the spectrum. There had been many such calculations, but none of them was 
suitable for multi-purpose use nor formulated in a compact analytic form. 

Gargaro and Onley*) have derived an expression for the matrix elements 
of the interaction between states of the relativistic electron in a simple 
closed analytic form in terms of the generalized hypergeometric functions. 
The central part of the matrix evaluation consists of the radial integral 

C dr r a _ 1 e i Z p ' r ^ ( a ' ;b" n Z p ' r ^ F ^ a j b ^ p r ) . 

This neglects, however, first the finite nuclear size effect, second the 
momentum transfer to the radiator and, third the screening effect of the 
atomic electron cloud. 

We report here that the first two corrections can be made by using the 
properties of the confluent hypergeometric functions, whereas the last cor
rection is found to be included consistently. In order to account for the 
finite nuclear size effect, the integral is changed into a finite integral 
which introduces an incomplete gamma function. Further application of the 
multiplication theorem to the confluent hypergeometric functions makes the 
integral into series of the generalized hypergeometric functions without 
destroying the closed analytic form. The second correction for the momen
tum transfer, which is essential in the algebra of the manipulation, is 
taken care of by the addition theorem of the confluent hypergeometric 
functions, again introducing a series expansion without discarding the 
simple closed analytic form of the result. The numerical calculation of 
the cross section was performed using the IBM-3031 computer and a reasonable 
agreement with the existing calculations was obtained. 
1. W.W. Gargaro and D.S. Onley, J. Math. Phys. U (1970) 1191. 
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ANGULAR DISTRIBUTION OF PHOTONEUTRONS FROM DEUTERIUM 
FROM 5 TO 28 MeV EXCITATION ENERGY 

J. D. Kellie, A. R. Curran, S. J. Hall, G. I. Crawford, 
G. L. Cleland, M. N. Islam* and J. Robertson 

Kelvin Laboratory 
University of Glasgow, Scotland 

The Kelvin Laboraotry has an electron linear accelerator capable of 
providing electron beams from 5 to 30 MeV in energy. This paper presents 
measurements of the angular distribution of photoneutrons from deuterium for 
excitation energies between 5 and 28 MeV. 

The target used was a cylinder of perdeuteroethylene 2 cm in diameter 
and 2 cm in height. Bremsstrahlung photons were produced using a tantalum 
radiator whose thickness was 0.07 radiation lengths, and the photoneutron 
energies were measured by time of flight over seven flight paths whose lengths 
varied from 15 to 25 m, and whose angular range varied from 37Js° to 156°. 

Although the differential cross-sections are not absolute, considerable 
care has been taken in measuring the relative efficiencies of the neutron 
detectors, and checking for systematic errors arising from collimation 
misalignment. 

The results are compared with the theoretical angular distribution 
calculated by Partovi.1) 

Small, but statistically significant, differences in the angular 
distribution coefficients have been found. The differences are consistent 
with the angular distribution of protons from the photodisintegration of 
deuterium measured by Ueissman and Schultz') for excitation energies from 
25 to 55 MeV. 

On leave from Chittagong University, Bangladesh. 
1) F.Partovi, Annals of Physics 27 (1964) 79-113. 
2) B.Weissman and H.L.Schultz, Nucl. Phys. A174 (1971) 129. 
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ANGULAR DISTRIBUTION OF GROUND STATE PHOTONEUTRONS FROM 
4 0 C a FROM (16-28) MeV EXCITATION ENERGY 

J. D. Kellie, A. R. Curran, S. J. Hall, G. I. Crawford 
G. L. Cleland, M. N. Islam* and J. Robertson 

Kelvin Laboratory 
University of Glasgow, Scotland 

This paper presents the measurement of angular distribution of ground 
state photoneutrons from ^°Ca for excitation energies of (16-Z8) MeV using 
the 30 MeV electron linear accelerator at the Kelvin Laboratory. The angular 
distribution facility is described in another paper submitted to this . 
conference on the angular distribution of photoneutrons from deuterium.1' 

In the experiment a series of photon and point energies was used, the 
difference In energy between consecutive and point energies being 2 MeV. 
The target was a hollow cylinder of natural calcium 2 cm in height, 1 cm 
internal diameter, and 2 cm external diameter. Natural calcium contains 
3.068 of isotopes other than 4 0Ca, all of which have photoneutron thresholds 
below that of , 0Ca. It is possible to subtract the contribution to the 
total photoneutron spectra of photoneutrons from these isotopes, and obtain 
the spectra of ground state photoneutrons from ^ C a at a particular end point 
energy, using the spectra measured at the adjacent, lower end point energy. 

At each end point energy the angular distribution of photoneutrons 
from deuterium was measured under identical experimental conditions. This 
provided a constant reference for the 40Ca measurements. 

The angular distributions for 4 Q C a and deuterium are expressed in the 
the form: 

u(8) = a 
L L=0 ° J 

and the ratios a./a are presented for L = 1 to 4. 

On leave from Chittagong University, Bangladesh. 
1) J.D.Kellie et a l . , "Angular distribution of photoneutrons from deuterium 

from 5 to 28 MeV excitation energy," presented at this conference. 
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PHOTONUCLEAR REACTION IN ̂ B i BY 1-5.5 GeV BREMSSTRAHLUNG+ 

KO+ Bi 
E s 1.8 GeV 

ulCOLLINEAR 
TRACKS 

A 

J 

J.B. Martins, M. Foshina, I.O. de Souza* 
J.D. Pinhe:ro Filho**, V. di Napoli*** and M.L. Terranova*** 

Centre Brasileiro de Pesquisas FTsicas-CNPq 
22290, Rio de Janeiro, Brasil 

High-energy photonuclear reactions in complex nuclei are well described 
at present by the "cascade-evaporation" model'), according to which a cascade 
of nucleon-nucleon or meson-nucleon collisions is initiated inside the nucle
us by a high-energy incoming photon. The interpretation of such reactions by 
means of residual nuclei, however, encounters severe difficulties since there 
is a variety of post-cascade residuals, widely differing in both Z and A, 
which can undergo fission. The fundamental peculiarities between high-energy 
proton- and photon-induced reactions are to be found in the initial reaction 
step. For photons pion production 
processes dominate in contrast to the elastic 
scattering in the case of incident 
protons. Another difference is the small 2 0 0 

linear momentum transfer to the nucleus 
in the case of photon-induced reactions. I 5 0 

In the present work, the nuclear-
-track emulsion technique was used in 
order to observe fission-like events „, IOO 
from residual nuclei at rest and in £ 
flight, which resulted by exposing 209BI- ̂  
loaded nuclear emulsion plates at high- •" »o 
-energy photon beams. The plates were ex- "-
posed to high-intensity bremsstrahlung ° 
beams at the DESY electron-synchrotron. J ° 
Details of the whole experiment have ™ 
been reported previously2). Two types of => 
events were selected in our analysis,i.e z 

collinear and non-collinear tracks. Typi
cal track-range distribution for both type „ 
of tracks are shown in the figure. The main 
peak (centred about 17um) in each histogram 
corresponds to the bismuth-fission-like o 
events, while the remaining track-ranges ° 
are due to either recoil or fission of silver and 
bromine nuclei. The track-range distribution showed in b) comprises the sum 
of the ranges of the light (R L) and heavy (RH) fragments. As conclusion, we 
point out that although the linear momentum transfer be small at high-energy 
photon-induced reaction, there is a remarkable contribution of non-collinear 
tracks to the total yield of the photofission process. 

"This work was supported by the CNPq, Brasil; and by the CNR, Italia. 
•Present address: Instituto de FTsica, U.F.R.J.,Rio de Janeiro, Brasil. 
"Permanent address: Instituto de FTsica, U.F.F., Niteroi, Brasil. 

•••Permanent address: Istituto di Chimica Generale e Inorganica dell'Universi 
ta, Roma, Italia. -

1. V.S. Barashenkov, F.G. Gerechi, A.S. Iljinov, G.G. Jonsson and V.D.Toneev, 
Nucl. Phys. A231 (1974) 462 

2. H.G. de Carvalho, J.B. Martins, O.A.P. Tavares, V. di Napoli, M.L. Terrano 
va, and K. Tesch, Lett. Nuovo Cimento 14. (1975) 615 

1 
blNONCOLUNEAR TRACKS 

S 10 19 20 
TRACK-RANGE, R (urn) 
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INFLUENCE OF HIGH-LYING N* RESONANCES ON DEUTERON 
PHOTODISINTEGRATION AT HIGH ENERGIES 

M. R. Anastasio 
Physics Department, Brooklyn College of CUNY, Brooklyn, N.Y. 11210 

M. Chemtob 
CEN Saclay, D-PhT, 91190 Gif-sur-Yvette, France 

Measurements ) of the polarization of the recoil proton In the reaction 
S+d+>p + n exhibit a broad enhancement as a function of the photon energy for 
a fixed scattering angle between the photon and proton. For 8 c m = 90°, this 
peak is centered around a photon energy of"0= 550 MeV, where the polarization 
has a value of nearly -0.8. This data has been interpreted as due to the 
intermediate excitation of one, or possibly two, dibaryon resonancM^). It 
is of great interest to determine whether the observed enhancement is a 
genuine dibaryon resonance signal or an effect reflecting the opening of 
additional inelastic NN* channels, e.g. those due to the Pj^ (1450), S u 

(1510) and D j 3 (1530) resonances. 
He have studied this reaction for photon energies of 0.2 £-3 S 0.7 GeV 

using a non-relativlstic model based on the plane wave Born approximation. 
Our basic model includes the usual impulse graph, the plonic exchange and 
pair current contributions, as well as intermediate A excitation followed by 
pion rescattering. The parameters in the model are adjusted to the differ
ential cross section data around^ = 0.3 GeV where the intermediate A excita
tion process dominates. The polarization results for this model are shown as 
the solid line in the figure. 

In addition to the A excita
tion, we have also included inter
mediate excitation of the Pij, Sji 
and DJJ resonances using the multt- "' 
pole analysis from Berends and Don-
nachie^). However, the relative 
phase in the amplitude between 
these terms and the A excitation 
term can not be fixed from ref. 2. 3 

Consequently, we have considered S 
three different values for this £ 
phase; 1, -1 and i with the result- 3 _e 

ing polarization shown in the 5 
figure as the dashed, dot-dashed & 
and double-dot-dashed curves, re- , 
spectively. The addition of in
termediate excitation terms 
arising from these high-lying N* o.jJ 
resonances is not sufficient, with
in a non-relativistic model, to ex
plain the large observed enhancement 
of the polarization. 

«*3 -°s». — 'oS OJ 
PMOTOU C W 6 Y (6«*0 

This work was supported in part by the 
of the City University of New York. 

1) H. Ikeda et al., Phys. Rev. Lett. hl_, 
2) F. A. Berends and A. Donnachie, Nucl. 

PSC-BHE Faculty Award Program 

(1979) 1321. 
Phys. B136, (1978) 317. 
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ELECTRON AND GAMMA INDUCED PRE-EQUILIBRIUH COMPLEX PARTICLE EMISSION 
+ t f 

P.J.Thorley , I.Anthony , D.Branford * A R.O.Owens , M.R.Sene 

t + 
A.G.Flowers , J.C.McGeorge . 

+ + 
A.C.Shotter , and C.H.Zimmennan . 

'The Department of Physics, The University, Edinburgh, Scotland. 
Kelvin Laboratory, The University, Glasgow, Scotland. 

Pre-equilibrium emission of complex particles (a,t, He,d, etc.) has been widely 
studied using nucleon induced reactions. The A dependences of the cross 
sections indicate a surface type reaction mechanism. This fact and details of 
the particle energy spectra appear to be adequately described by cascade evaporat
ion and exciton model calculations. To test these models for reactions invciving 
the nuclear interior we have studied electromagnetically induced pre-equilibrium 

12 197 complex particle emission. Nuclei ranging from C to Au were bombarded with 
12o MeV electrons and bremsstrahlung gamma rays using the Glasgow University 
linear accelerator. Charged particle spectra and angular distributions were 
measured using a rcar'ietic spectrometer. The cross section for a particle emission 
has an observed A*" * dependence whic 
the quasideuteron process followed by a nucleon 
has an observed A*" * dependence which suggests an initial interaction through 
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a knockout reaction involving 
the whole nuclear volume. 
The spectral shapes are 
however reasonably well 
described by the exciton 
model. The d,t and He 
cross sections fall off 
more slowly with particle 
energy as would be expected 
but have an A dependence. 
Attempts are being made to 
explain these data in terms 
of the exciton model. 
Examples of preliminary 
results are shown in the 
figure. 

60 

1. A.G.Flowers, et al, Phys. Rev. Lett. 40 (1978) 7o9, and 
Phys. Rev. Lett. 43 (1979) 323. 

869 



OPTICAL MODEL POTENTIAL AND NEUTRON STRENGTH FUNCTIONS 

J .B. Gargt, and Ch. Lagrange 

Service de Physique Neutronique e t Nucl£aire 
Centre d'Etudes de Bruyeres-le-Chatel 

B.P. n° 561 
925U2 MONTROUGE CEDEX, France 

One of the most important quan t i t i e s obtained from the measurements of 
high resolut ion neuiron t o t a l cross sec t ions in nuclei are the neutron 
strength functions and t h e i r var ia t ion with mass number. This quant i ty which 
i s d i r e c t l y r e l a t e d t o the nature of neutron in te rac t ion with t he nucleus by 
a c-omplexpoptical model po ten t i a l can he given by the r e l a t i on < r n J > / < D / j > « 
where <r j> i s the mean value of neutron reduced widths of resonances o r same 
£ and J. n<D£j> i s the corresponding mean value of the l eve l spacing. In the 

M 
S,«0') 

V0=il5Mrt/ r c ; U M m o=UMlm 
Wfô CSMeV l D = UMm o0= 0.561m 
V5=WH«V i s = U 2 l m os=at7lm 

T i " 4 

(a) 

past few years many prec ise values of 
S 0 and S-, in the mass region of !|0<A<70 
have been obtained by Garg e t a l . 1 - ' ) and &W (b) 
others") using high resolu t ion neutron 
spectroscopy. 10 

An op t i ca l model code consist ing of \ ^ ^ ^ , 
a Woods-Saxon r e a l volume po ten t i a l (V) 05 . , 
and a derivat ive Woods-Saxon imaginary 
po ten t ia l (WJJ) and a conventional r e a l ( 

spin-orbi t p o t e n t i a l (V s ) was used to c a l 
culate these s t rength functions. The r e 
su l t s of these ca lcu la t ions for 
Elab = 0.1 MeV and the experimental r e - S,'10'l 
su i t s obtained from measurements in the T)1 

energy range 0 t o 300 keV are shown in 
figure 1(a) and (b) for SQ and S-| respec
t i v e l y . There appears t o be a very good 
agreement with most of the nuc le i . 

Moreover, the same parameters with 
the following energy dependence of the 
r e a l and imaginary p o t e n t i a l s : 
V = V 0 - 0.3 En, WD = Moo + 0.U En 
where EQ i s in MeV, gave an excel lent f i t 
t o the measured t o t a l c ross section 
data°) in zinc in t h e energy range of 
0.1 t o 10 MeV. I t seems thus apparent 
t h a t a s ingle se t of op t i ca l model parameters can describe the neutron i n t e r 
act ion in the medium mass region of nuc le i over a wide energy range. The ef
fect of isospin term (N-Z/A) on strength function values was also inves t iga 
t e d . 

J 

to 
A 

Fig. 

TO 

1 

* Work supported in p a r t by U.S.P.O.E. 
t Permanent address , Universi ty of Albany, New-York, U.S.A. 

J .B . Garg, V. Tikku, and J.A. Harvey ( to be published). 
Garg, IJucl. Sc i . and Eng. 65 (1978) 76. 
Garg, S. J a i n , and J.A. Harvey, Pbys. Rev. Cl£ (1978) l l U l . 
Pandey, J . B . Garg, and J.A. Harvey, Phys. Rev. CJjj. (1977) 600. 
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(1977) 615. . , . 
S.F. Mughabghab, and D.I . Garber, BNL-325, 3 r d ed. (1973). 
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OBSERVATION OF A LONG LIVING 0 +-STATE IN 1 0 Z P d 

K. Cornel is , M. Huyse, G. Lhersonneau, J. Verplancke 
LISOL, Instituut voor Kern- en Stralingsfysika, 
Celestijnenlaan 200 D, B-3030 Leuven, Belgium 

Up to now little is known about the systematics of the Op-states in the 
even-even Pd isotopes. In the case of 1 0^Pd, Lange et al. *•) reported a 0 -
state at 1658 keV decaying to the 2j-state. On the other hand, J. van Klinken 
et al.2) reported the existence of a EO transition in the j° 2Ag m (8 min.) de
cay, which they attributed to the Oo •+ Ot-transition in 1 0 Z P d . In the gamma 
spectrum no corresponding E2(0g->-2tJ was observed. ,.._ 

We performed a (e,-v)coincidence measurement on mass-separated Ag 
sources with the help of a Mini-Orange SDectrometer and a Ge(Li)-detector. 
The sources were produced using a n a*Mo(14f| i Xpy n) reaction. In such a reaction 
low spin l° zAg m is mainly produced via the decay of '•^U. To enhance the low 
spin isomer with respect to the directly formed 1 0 2 A g 9 , tne energy of the beam 
was optimised for the production of ^ ^ C A . 

From the TAC-spectrum we could deduce the half-life of the completely con
verted 1592.6 keV transition to be 17 + 3 nsec. Apart from the annihilation 
peak, three y-lines were found to be coincident with the delayed electrons : 
351.4 ± 0.2 keV,1017.6±0.2 keV and 1644.1 ± C.4 keV. No prompt coincident 
•(•-transition were found indicating that the 1592-keV is a level to groundstate 
transition. 

Moreover, the three observed gamma-lines can be explained as separated 
transitions from levels at 1944-, 2610-and 3237 keV that have been reported 
by Lange et al. 1) (see fig.). No corresponding Ot •* 2t-transition was obser
ved in the ^-spectra. ..„ 

From Tf-T coincidences performed on the decay of Ag m we found evidence 
for a branching of the Oi to the 2± at 1534.8 MeV. This branching is in the 
order of 10 % of the EO aecay to tne groundstate. 

No evidence was found for a 0 + at 1658 k e V 1 ) ; nor in the single spectra, 
neither in the coincidences. 

(1.2)-

m 
to 
CM" o in 
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* Aspirant N.F.W.O. 
1) J. Lange et al. Nucl. Phys. 
2) J. van Klinken et al., Nucl 

102 Pd 
A292 (1977), 301 
Instr. and Meth. 130 (1975) 427. 
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THE QUASI-FREE (e.e'p) REACTION ON 3He 

E. Jans, IKO Amsterdam ; P. Barreau, M. Bernheim, J.M. Finn, J. Morgenstern, 
J. Mougey, D. Tarnowski, S. Turck-Chieze, CEN Saclay ; H. Brussel, Univ. of 
Illinois ; G.?. Capitani, .E. de Sanctis, F. Garibaldi, INFN Frascati ; 
S. Frullani, INFN Rome; I. Sick, Univ. of Basel. 

The spectral function S^.P,.) has been extracted, in PWIA, from data ob
tained at Saclay in an (e.e'p) coincidence experiment on a liquid 3He target. 
The region covered in the missing energy and recoil momentum plane is 

-25<Era<90MeVand 0<?r<200MeV/c. The 

ir-
O- r 

1 0 0 < P r < 1 5 0 CMeV/cl 

energy resolution of 1.2 MeV was suffi
cient to separate the two-body (En, = 
5.5 MeV) and the three body (E^.7MeV) 
break-up channels (Fig.l). The shape of 
the momentum distribution in the two-
body break-up channel (without correc
tions for radiative processes) is in 
good agreement with the prediction of a 
three-body Faddeev calculation using a 
R.S.C. potential1) (Fig.2). The data are 
compatible with earlier measurements at 
Stanford2). The agreement between the 
measured and calculated three-body 
break-up momentum distributions is sa
tisfactory (Fig.3). In the near future 
we shall extend the measurement of the 
spectral function up to P r=350 MeV/c. 

4.25 < E„, < 7 .75 MeV Jj 

0 SACLAY [ 1 9 7 9 ) 

7.75 < E m < 20.0 MtV 

0 SACL4Y (1979 ) 

*, j 

1 0 0 P r ( MeV/c ) M ° 1 0 0 P r ( M e V / c ) " ° 

1 . 
2 . 

A. Dieperink et al, 
A. Johansson, Phys, 

, Phys. Lett. 63B (1976) 261. 
Rev. 136 (1964) B1030. 
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DEEP INELASTIC SCATTERING OF ELECTRONS FROM I 2 C 

P. Barreau, M. Bernheim, M. Brussel, J. Duclos, M. Finn, J. Morgenstern, 
J. Mougey, D. Royer, B. Saghai, D. Tarnowski, S. Turck-Chieze 

DPh-N/HE, CEN Saclay, France 

D. Isabelle 

-Universite de Clermont-Ferrand, France 

I . Sick 

University of Basel, Switzerland 

F. Garibaldi, S. Frullani 

ESS and INFN Sanita, Roma, Italy 

G.P. Capitani, E. de Sanctis 

INFN Frascati, Italy 

P.D. Zimmerman 

Louisiana State Universi ty, USA 

E, Jans 

IKO Amsterdam, The Netherlands 

A systematic study of the deep inelastic electron scattering response 
function of ' C has been carried out at the Saclay Linear Accelerator. Measu
rements have been performed at scattering angles of 60°, 90°, 130° and 145° 
for incident electron energies between 120 and 560 MeV. Negative pion back
ground has been suppressed by use of a silica aerogel Cerenkov counter with a 
refractive index of 1.06. The longitudinal and transverse components of the 
response function have been obtained by means of a Rosenbluth separation of the 

< q^ < 16 fm~ data in the interval I fm' 
separations is 400 MeV at q£j *\< 5 fin 
Between the quasi-elastic and A-
production peaks the cross section 
is in excess of current calcula
tions. The Figure shows prelimina
ry radiatively-corrected data at a 
scattering angle of 90° and an in
cident electron energy of 560 MeV. 
In addition to the quasi-elastic 
peak, at higher energy losses the 
quasi-elastic production of the 
A(3,3) resonance is also observed. 

The maximal energy loss, U), for the 

to 

^ 0.5 

C(e,e ) 
E, n c = 560K8V 
8 = 90° 

l.,(? 

,(''•" 

100 200 
U(MeV) 
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ELECTROFISSION AND TOTAL PHOTOABSORPTION CROSS SECTIONS 
OP TRANSURANIUM NUCLEI OVER 400-1200 MEV ENERGY REGION 

V.L.Kuznetsov, V.G.Nedorezov, N . V . N i k i t i n a , 
V. I .Noga, Yu.N.Ranyuk 

Institute for Nuclear Research 
Academy of Sciences of the USSR 

Moscow II73I2, USSR 
The photofission cross sections of transuranium nuclei 

S'Ctf. f) at energies above photomeson threshold are very close 
to total photoabaorption cross sections 6}/i (fissionabilities 
(f (j-,f)/0/fl - I) )• It is known also that in the relevant 
energy region the relationship between photon and electron in
duced reactions is valid 2) • &a/<S'e - 7T/(2<* ln(E0/m)), where 6a and 6e is cross section (yield) per equivalent quantum and electron 
respectively;^ = I/I37, Eo,m - insident electron energy and 
rest mass. Therefore one can evaluate the <%A from the Oe(e,f). 
(ojfl = d«ra(j",f)/dlnEo in photon spectrum~ I/E0 approximation). We have measured the electrofission cross section (e,f) 
for 238 D t 237NP, 239pu and 243Am on the 2 GeV Linac of Kharkov 
Fhys.Tech.Institute. Surface densities 6~e(e.f) of the targets were determined at - " 
the limit of 3-5% accuracy. Fission 
fragments were registered by poly
carbonate track detectors (Macrofol 
KG 10 mm thick) installed in vacuum 
chamber downstream 130 mm of the 
samples. Experimental results are 
shown on the figure. Becouse the 
data for 23"np, 239pu and 243jijn were 
found to be the same within ± 5S6 
the mean values for them are 
presented. The accuracy of data 
obtained is poor to get the energy 
dependance of 6>fl but allows a 
comparison to be made of integrated 
exper-jjnental (/<£* dE) and 
theoretical (JA&dE) cross sections •+ «6_ ;° J;° 
(A = 240,^-,- elementary photon- Ee(GeV> 
nucleon cross section, smoothed to take nucleon motion inside 
the nucleus into account). The ratio J'S^g Je /J"A-typ c/£ 
was obtained to be 1.54 ± 0.12. for energy interval 400-1200 
MeV. This result is in agreement with those of photofisBion 
experiment I) and shows that experimental photoabaorption cross 
section of heavy nuclei exceeds the theoretical values by 1.5 
times approximately in the nucleon resonance energy region. 

1. B.M.Alexandrov, A.S„Krivokhutsky, V.L.Kuznetsov, 
L.E.Lazareva, V.G.Nedorezov, N.V.Nikitina, Yu.N.Ranyuk 
e.a. Sov. J. Nucl.Phys. 24 (1976) 686; 28(1978)1165. 

2. P.V.Sorokin. Proc.II Seminar "Electromagnetic Int. at 
Low and medium Energies" Moscow 1972, ed.L.E.Lazareva 
(Nauka, Moscow 1973). 
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STUDY OF THE 1 + STATE AT 3.48 MeV IN THE 8 8Sr(e,e') REACTION 

L.T. van der Bijl, H.P. Blok (Nat. Lab. V.U., Amsterdam) and 
P.K.A. de Witt Huberts (I.K.O., Amsterdam) 

The 1 state at 3.48 MeV in 8 8Sr has a dominant |i»p5/ Pi. > configura
tion [l]. The measured B(Ml+)-value [2] of I.I ujL which is much smaller than 
the single-particle estimate, could be explained [I] by including ground-state 
correlations and an admixture of the Giant Dipole Resonance l^g^l g7 i,*- The 
estimated amount of ground-state correlations agrees with the results of pro
jected BCS calculations [3] including ir2qp and vlp-lh excitations. 

We investigated the formfactor for this Ml transition by low-energy 
(e,e') with the high-resolution equipment at the Darmstadt Linear Accelerator 
in the range 0.36 fm _ 1£q<0.62 fm - 1. The experimental data are shown in fig.l. 

Calculations were performed with the programs Forks and Duels using the 
dominant components of the wavefunction of ref. 1: |l+> = a|iip7/2 Pi , 2

> + 

8|vg9/, g7# > . Ground-state correlations were accounted for by faking a= .512 
and B &."# The results are shown in fig. 1 both with Harmonic Oscillator 
(b = 2.16 fm) and Woods-Saxon (r 0=1.28 fm) single-particle wavefunctions. Al
though the measured B(Ml+)-value is reproduced, both the shape and the magni
tude of the calculated formfactor are wrong for q > 0, especially when the 
more realistic Woods-Saxon wavefunctions are used. The shape can be improved 
(see fig. 2) by taking into account a |nf5^, P3->component (this does not af
fect the B(MH)-value), which is present in theFBCS wavefunction of the 1 + 

state, but the amplitude needed is .28 (with HO wavefunctions) and is much 
larger than any PBCS estimate. 

The introduction of an effective g -factor does not lead to an improve
ment either, unless the admixture of the G.D.R. is strongly reduced. With 
g|ff = 0.75 and no G.D.R. component we find B(MI+) =0.7 ujj and we still need 
about .14 |itf5̂ _ P3/2'> to obtain a good shape (see fig. 2.) 

It seems tfiat the measured B(MIt)-value and formfactor cannot correctly 
be described within this configuration space, even not by introducing an ef
fective gs-factor. More refined core-polarisation calculations as well as 
measurements of the formfactor beyond the first minimum are highly desired. 
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We thank prof.dr. A. Richter, dr. E. Spamer and dr. R. Frey for the opportu
nity to perform this experiment and for their help during the measurements 
and analysis. 
1) F.E. Cecil, T.T.S. Kuo and S.F. Tsai, Phys.Lett. 45B (1973) 217 
2) F.R. Metzger, Hucl.Phys. A173 (1971) 141 
3) K. Allaart (V.U. Amsterdam), private communication 
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ISOMERIC YIELD RATIOS FOR THE REACTIONS I 9 7 A u ( y , n ) I 9 6 m » S A u AND I97Au(e,e*n)I96m,6Au IN THE ENERGY RANGE 10-90 MeV 
L.Z.Djilavyan, L.E.Lazareva, V.N.Ponomarev, and A.A.Sorokin 

Institute for Nuclear Research, Moscow, II73I2, USSR 
Production of the high spin isomers jnl?1 Au(J*=I2~, Ti/2= 9.7 h) together with ground state nuclei 6Au( J = 2~, Ti/2= 6.2 day} was found in various reactions*). Later on the second isomeric state I96m2Au(jT=5+, TI/2=8.2 sec) was discovered2). We have measured isomeric yield ratios2&=Y m 1/(Y m*+Yg) in the (y,n)- and (e,e'n)- reactions. The 197Au samples were irradiated with electron beam of INR linear accelerator. The upstream tantalum radiator was used in the case of the (£,n)-reaction measurements. The residual activity method was used. Gamma-ray spectra were measured with the Ge(Li)-detector. For the (x,n)-reaotion at Ejmax=52 MeV we have obtained *=(6. I*0.4)*I0_*. The energy dependence of the ratio x?(Eymax)/3i(52 MeV) is shown in the figure. These results allow one to assume that the I97Au()f,n)I9toiAu-reaction threshold is <"4 MeV higher than for the ground state reaction, and the major part of thetfml(tf,n) is at Ev<wl6-24 MeV. For the (e,e'n)-reaction the obtained energy dependence of the ratio 3fe(Ee)/tee(52 MeV) has approximately the same JJ= character as in the fi- " gure. Possible admixtures of the electric c 

quadrupole (E2) giant resonance in the values £ y and ate were estimated using a rather simple model which takes into account the relative numbers of B2 and EI photons in spectra of real and virtual photons, the strong dependence of the 19° mlAu production probability on the angular momentum transferl), and supposed ratio for E2 and SI strengths. This estimation gave &e/a&r)sl.l6 at ̂ 50 MeV. The obtained experimental result was CEe/aeJ =1.15*0.03 at 59 MeV. In principle parameters of this model may be found in experiments with different I97Au-sample thicknesses (in this work it was 15 Mm). Nevertheless we may say that the obtained difference between a£e and aeK is connected with E2 admixture. Thus, reactions of such a type may be used as one more way for studying E2 resonance. Moreover, since the cascade ^-transitions seem to play the main role in populating high spin isomeric states in these reactions, the experimental data of the type described above may be used to verify statistical model parameters. 

1. G.N.Flerov, Yu.P.Gangrsky, B.N.Markov, A.A.Pleve, S.M.Poli-
kanov, and Kh. Yungklaussen, Yadem. Phys. 6_ (1967) 17. 

2. B.Rosner, J.Felsteiner, H.Lindeman, and D. Zellermayer, 
Nucl. Phys. AI72 (1971) 643. 

W. I I 1 I 1 I L 
50 £ „ , „ , MeV 
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TESTING AND CALIBRATING A SEMIPHENOMENOLOGICAL TRANSITION MATRIX FOR LOW 
ENERGY NUCLEON-NUCLEUS ELASTIC SCATTERING 

J.L. Escudie and A. Tarrats 

DPh-N/ME, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France 

In the model of optical potential we previously developed1), the point of 
view was to reproduce the elastic scattering observables from the gross proper
ties of nuclei (namely p p and p n ) , rather than from more detailed nuclear struc
ture, and to include in the folding model only the necessary features of the two-
nucleon t-matrix ; this description is intermediate between the standard pheno-
menological OMP and sophisticated theoretical derivations2). We start from a fol
ding model approach and include an exchange term, which involves a local poten
tial approximation yielding an effective mass that accounts for the Perey effect. 

The real part of the t-matrix was constructed from the M3Y force of the MSU 
group with the density dependence taken into account by a factor (l-cp2/°). The 
imaginary part is written : t(0) (l-A 2q 2/6 + ...)witht(0) taken from the optical 
theorem (i.e. t(0) =ka/47r) where the total cross sectiono is corrected from the 
Pauli principle (which gives strong density dependence), and A is phenomenologi-
cally adjusted. First guess values of c and X were taken from comparison of our po
tential to standard ones, and yielded a reasonable description of the elastic ob
servables . 

After some exploration of the sensitivity of the angular distributions to 
the different parameters of the transition matrix, we allowed variation of i 
few parameters, namely P randu, strength and rms range of the real force, Rsx = 

Volgg/VoljE as isospin dependence,cdensity dependence parameter, P^ and X, 
strength and rms of imaginary force.A slight energy dependence is allowed for 
each parameter. These parameters are then calibrated by a least square fit to da
ta for a range of targets and incident energies from 17 to 50 MeV. Proton densi
ties were taken from electron scattering and neutron densities from high ener
gy hadron scattering. 

The agreement with data thus obtained is as good as from the standard ave
rage potentials. We nevertheless could not find unambiguous parameter set, name
ly a better fit could be obtained in a restricted range of calibration masses 
with slightly different parameters (see table). As an example, some angular dis
tributions, corresponding to different interactions are presented on the figure. 
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J.L. Escudie, A. Tarrats, Micros
copic optical potentials, Springer 
Verlag, edited by H.V. Geramb (1979) 
p. 200 and contribution to this 
Conference. 
J.P. Jeukenne, A. Lejeune and C. 
Mahaux, Phys. Rep. 25 (1976) 83. 
F.A. Brieva, H.V. Geramb, J.R. 
Rook, Phys. Lett. _7jffi (1978) 177. 
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PROTON AND ALPHA INDUCED KNOCKOUT REACTIONS ON 1 6 0 AND 1 ( 0Ca 

C. Samanta, N. 5. Chant, P. G. Roos, A. A. Cowley, 
A. Nadasen, and J. Wesick 

Department of Physics & Astronomy 
University of Maryland, College Park, Maryland 20742 

Experimental data have been obtained for the (p,2p) reaction on 1 6 0 and 
"*°Ca at 101 MeV, for the !p,2p) reaction on 1 , 0Ca at 76 MeV, and for the 
(a,up) reaction on 1 6 0 and ''"ca at 140 MeV. Incident beams were obtained 
from the University of Maryland Isochronous Cyclotron and the emitted parti
cles were detected in AE-E telescopes consisting of Si surface barrier 
transmission detectors followed by either Si or intrinsic Ge stopping de
tectors. Particle identification and random event subtraction were carried 
out by computer software. 

The objectives of this study were threefold. Firstly, in view of the 
large quasi-free (p,2p) contribution to the processes whereby protons lose 
energy to nuclei 1' 2) it is important to test current distorted wave impulse 
approximation (DWIA) descriptions of this reaction. At 150 MeV the factori
zation approximation, in which the off-shell nucleon-nucleon amplitude is 
approximated by the free scattering amplitude, is successful.3) However, 
at lower energies very large distortion effects may modify this result.1*) 
In order to clarify the situation we have obtained quasi-free angular dis
tributions at 101 MeV and 76 MeV for ''"ca which will be compared to the 
existing data 3 ' 5 ) at 150 MeV and at 45 MeV. Similarly, data for 1 G 0 at 
101 MeV will be compared with existing 200 MeV data.6) 

Secondly, a comparison of the (a,ap) data with the above (p,2p) data is 
sensitive to the detailed radial form of the ejected proton bound state wave 
function. This results simply from the very different radial localization 
of the two reactions.7) Analyses will be presented for the four transitions 
seen strongly in this work, specifically the removal of IP3/2 a n ^ lPi/2 
protons from l e O and the removal of 2s. „ a n d l d3/2 Photons from '•"ca. 

Thirdly, additional data were obtained for the (p,2p) reaction in non-
quasi-free geometries which enhance the importance of off-shell effects and 
also for the reactions (p,pd), (p,pt), (a,ad), (a,at), (a,ax) and (a,2a) on 
I 6 0 and ''"ca targets. 

.This work was supported in part by the National Science Foundation. 
Permanent address: National Accelerator Centre, CSIR, Pretoria, S. Africa. 

1. N. S. Wall and P. G. Roos, Phys. Rev. 150 (1969) 811. 
2. A. A. Cowley, et al., BAPS (Washington APS Meeting, 1980), and to be 

published. 
3. P. G. Roos, et al., Phys. Rev. Lett. 4£ (1978) 22. 
4. P. G. Roos, AIP Conference Proceedings, No. 36, Momentum wave-functions, 

1976, ed. D. W. Devins (American Institute of Physics, New York, 1977), 
p. 32. 

5. K. H. Bray, et^ al., University of Manitoba preprint. 
6. C. A. Miller, Proc. NATO Advanced study Institute in Nuclear Theory, 

Banff, 1978; P. Kitching, et a^., Phys. Rev. Lett. 3J7 (1976) 1600; 
P. Kitching, e_t aj^., to be published. 

7. A. Nadasen, et al., Phys. Rev. C 19 (1979) 2099. 
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THE SHELL EFFECT OBSERVED IN THE SPIN ORBIT 
PART OF THE OPTICAL POTENTIAL 

H. Sakaguchi, M. Nakamura, K. Hatanaka, A. Goto, 
T. Noro, F. Ohtani, H. Sakamoto, and S. Kobayashi 

Department of Physics, Kyoto University, Kyoto, Japan 
Since Haxel et al. and Mayer pointed out the fundamental importance of 

the spin-orbit splitting, the search for its origin has been one of the most 
important problems in nuclear physics. Experimentally, from our systematic 
study ' of the optical potential at the proton energy of 65 MeV we could 
derive the systernatics of the spin orbit potential in a direct way. 

In the phenomenological spin-orbit potential we have three independent 
parameters V, , r, and a, . In order to reduce the ambiguity, we discuss 
the volume integral values of the form factor of the (l»s) potential 
Jie = * T/ r ".-(rjdr a n d f i x t n e diffuseness parameter a,c of the (1-s) poten-
I S SO I S 1 in 

tial. In the figure, J-i sM values 
are plotted for each target nuclei. A 
remarkable shell effect is noticed. 
For the double closed shell nuclei 
such as 1 6 0 , 4 0Ca, 4 8Ca 9 0Zr and 2 0 8 P b 
the value of J l s/A becomes large. 
Namely the depth of the (1-s) potential 
becomes deeper. In the middle of a 

shell the depth is the shallowest and it becomes deeper, when the shell becomes 50 54 83 more closed. For the single closed shell nuclei such as Ti, Fe, Y the 
depth of the (l's) potential is in the middle between the two utmost. 

The observed shell effect is about 10% of the total J-i./A ' in magnitude. 
But the change of the nuclear radius parameter in one open shell is less than 
1 or 2%. In the fitting to experimental data the change of the radius parame
ter is compensated by the strength of the potential. The net effect to the J, 
is minor. For the 10% change of diffuseness a, -value in one open shell (which 

1/3 
seems to be a too large change) the change of the J 1 s/A value can be esti
mated to be about 2-3%. So in conclusion, although the shell effect observed 1/3 in J-ic/A -value is small (10%) but it cannot be explained by the nuclear 
shape or size effect. The microscopic calculation including the second order 
tensor force in the nucleon-nucleon interaction may explain this effect. 

1) H. Sakaguchi et al., Phys. Lett. 89B (1979) 40. 
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65 MEV POLARIZED PROTON ELASTIC SCATTERING 
AND THE EFFECTIVE TWO-BODY INTERACTION RANGE 

H. Sakaguchi, M. Nakamura, K. Hatanaka, A. Goto, 
T. Noro, F. Ohtani, H. Sakamoto, and S. Kobayashi 

Department of Physics, Kyoto University, Kyoto, Japan 
Recently there has been a considerable progress in understanding the 

nucleon-nucleus optical potential from the standpoint of the nuclear matter 
theory. The critical check to these global theories seem to be the target 
mass number dependence and the incident energy dependence of the obtained 
optical potential. Using the 65 MeV polarized protons of RCNP Osaka cyclotron, 
we have been measuring systematically the elastic scattering from various 
target nuclei over the whole periodic table and doing the optical potential 
fit to the obtained data. A part of this work!) were published already. 

From the real central part of the obtained optical potential the mean 
square radius of the potential <r 2>p 0t was calculated and was plotted as a function of A^/3 in the figure. The solid line is a linear fit by the least 
square method, and is expressed 
<r 2> t=(0.928±0.023)AZ/3+6.57+0.29 fm Z . J " .=*] 

Similar relation for the mean square ""'. E»" K M~ 
radius of the charge distribution < r 2 > C h a r g e is obtained by least-square linear fitting ,„. 
to the electron scattering data, 
<r2> . „„ =(0.768±0.011)A2/3+(2.60±0.23) fm 2I «„ "* 

cnarge - rf^"*. 
Using the folding model, <r 2> . and <r 2> n " cv*3f* 
are expressed as w s . "w^ "1u,*T* 

pot 5 m 5 m d 
and <r 2> . = -IR 2 + - ^ a 2 + <r 2> ,. charge 5 p 5 p proton 
where <r 2> d and < r 2 > p r o 1 ; o n are mean square I ^ ta- - ~ , -
radii of the effective interaction range and 
the charge distribution of the proton itself, 
respectively. 2 } A recent argument ' based on the experimental data and the Los Alamos 
experimental results show that the difference between the root mean square 
radius of the nuclear matter distribution and that of the2point proton distribution is less than 0.1 fm, which is smaller than our <r>.-value error. 
So the average density distribution of the point nucleon is thought to be 
equal to that of the point proton. By comparing the above two relations, 
the effective two-body interaction range is obtained to be 

<r 2> d = 4.49±0.37+(0.159±0.026)A2/3 fm 2 . 
This kind of mass number dependence may be explained by taking into account 
the Pauli-principle effect on the effective interaction. 
1) H. Sakaguchi et al., Phys. Lett. 89B (1979) 40. 
2) S. Shlomo and E. Fredman, Phys. Rev. Lett. 39 (1977) 1180. 
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2 6 A . l g , m PRODUCTION CROSS SECTIONS FROM THE 2 6Mg(p,n) 2 6Al 
AND 2 3Na(a,n) 2 6Al REACTIONS1" 

E.B. Norman, K.T. Lesko, P. Schwalbach* and T.E. Chupp 

Nuclear Physics Laboratory 
University of Washington 
Seattle, Washington 98195 

2 6Mg/ 2 1*Mg isotopic abundance excesses tha<- are correlated with the Al/Mg 
elemental abundance ratios have been observed in inclusions from the Allende 
meteorite. This suggests that 2 6 A 1 was present at the time of formation of 
the inclusions and later decayed in situ to produce the observed z 6Mg ex
cess. Depending on the conditions at which the nucleosynthesis of Al 
occurs, several different nuclear reactions may play significant roles. We 
have therefore measured the 2 6 A 1 production cross sections from the 2 6Mg(p,n) 
reaction and have begun a study of the 2 3Na(a,n) reaction. 

The 2 6 A l [5+] ground state, 2 6 A l 8 , has a half-life against electron-capture 
and B + decay of 7.2xl0 5 yr. However, the first excited state, 2 G A l m , is a 0 + 

level which 3 + decays to z 6Mg with a half-life of 6.3 seconds and does not de
cay to the 2 6 A 1 ground state. Thus any 2 6 A 1 formed in this isomeric level will 
not survive long enough to become incorporated into a meteoritic inclusion as 
2 6A1. To distinguish between yields to the ground state and isomer we have 
studied Y-ray transitions in Z 6 A 1 following the neutron evaporation from the 
(p,n) and (a,n) reactions. We have measured the y-ray cross sections from thres
hold to E p = 14 MeV (E a = 26 MeV) using a 50 cm 3 coaxial Ge(Li) detector. By sum
ming the Y-ray production cross sections for all of the observed ground-state 
(isomer) transitions, we obtain lower limits to the total ground-state (isomer) 
cross sections from these reactions 
This technique is obviously insensi- I Q 2 
tive to direct neutron evaporation to 
the ground s tate or isomer. However, 
in the case of the (p,n) reaction, 
these cross sections have been -O 
measured over a limited energy ^ 
range.2) The closed circles in the |0 
figure represent only our ground-
state Y-ray cross sections, while b 
the open squares include the effect 
of direct neutron evaporation to the 
ground state. For the energies where Q 
the data overlap, our results are in 10 
reasonable agreement with the Z BA1S 
cross section measurements of Furukawa 4 
et al. 3) Analysis of the Y-ray data from 
the z 3Na(o,n) reaction is currently in 
progress. To obtain the total ground-state cross section from this reaction 
we will measure the total neutron yield from the (a,n) reaction using a neu
tron detector, and we will measure the total isomer cross section using a 
radioactivity technique. Data from these two experiments will be presented. 

^This work is supported in part by the U.S. Department of Energy. 
*Visiting student from Technische Hochschule Darmstadt. 
1. T. Lee, D.A. Papanastassiou, and G.J. Wasserburg, Ap. J. 211 (1977) L107. 
2. C. Wong, J.D. Anderson, J.W. McClure, and B. Pohl, Phys. Rev. 156 (1967) 

1266. 
3. M. Furukawa, K. Shizuri, K. Komura, K. Sakamoto, and S. Tanaka, Nucl. 

Phys. A174 (1971) 539. 
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WINE-BOTTLE BOTTOM SHAPE OF THE NUCLEON-NUCLEUS 
POTENTIAL AT INTERMEDIATE ENERGY 

H. Jaminon, C. Mahaux and P. Rochus 

Universite de Liege at Sart Tilman, B4000 Liege 1, Belgium 
We have studied the nucleon-nucleus optical potential in the 

framework of a relativistic quantum field model, in which the nu-
cleon field is coupled to two massive fields, associated with the 
exchange of a scalar meson (a) and of a vector meson (u), respec
tively. In spherical nuclei this optical potential, which should 
be introduced in a Dirac equation, is the sum of a Lorentz-scalar 
operator U 8 and of a Lorentz-vector component u„. In the relati
vistic Hartree approximation, these quantities are independent of 
energy. It is possible to construct a Schroedinger-equivalent 
average nucleon-nucleus potential U e, which is energy-dependent 
and should be introduced in a Schroedinger equation. The quantity 
U e can thus be compared to empirical potentials. 

We have extended the work of Brockmann1) and performed a 
self-consistent Hartree calculation of U e for 1 6 0 and "*°Ca. The 
sole input of this calculation is the contribution of 0- and of 
in-exchange to the nucleon-nucleon OBEP of Erkelenz, Holinde and 
Machleidt. At low and intermediate energy, the agreement between 
calculated and empirical optical potentials is quite good 2). 

One of the striking features of the calculated optical po
tential is that it has an attractive pocket at the nuclear sur
face at the energy (E = 200 MeV) at which the optical potential 
becomes repulsive in the nuclear interior 2). We now show that 
this "wine-bottle bottom shape" also emerges in the framework of 
a local density approximation. In the upper part of the figure, 

we have plotted the density dis
tribution of 5 6Fe. The full curve 
in the lower part represents the 
Schroedinger-equivalent potential 
U e at 185 MeV, as calculated in 
the framework of the relativistic 
Hartree approximation and of the 
local density approximation. This 
theoretical optical potential is 
strikingly similar to the empiri
cal potential determined by Elton 
3) (long dashes), and also to the 
potential calculated in the frame
work of the non-relativiBtic Brue-
ckner-Hartree-Fock approximation 

6 2 * 6 (short dashes) with Reid's hard 
' " m l core nucleon-nucleon interaction1*). 

1. R. Brockmann, Phys.Rev. C18 (1978) 1510 
2. M. Jaminon, C. Mahaux and P. Rochus, Phys.Rev.Lett.^3. (1979)1097 
3. L.R.B. Elton, Nucl.Phys. 89. (1966) 69 
4. J.P. Jeukenne, A. Lejeune and C. Mahaux, in Nuclear Self-Con

sistent Fields, ed. G. Ripka and M. Porneuf (North-Holland 
Publ.Comp., Amsterdam, 1975) p. 155. 
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THE IEVEL SCHEMES OF 8 5Sr AM) a 7Sr 
E. Barnard, D. W. Mingay and D Reitmarm 

Physics Division 
Atomic Energy Board 
Private Bag X256 
Pretoria 0001 
South Africa 

The 8 5 , B 7Bb(p,nY) 8 5' 8 7Sr reactions and the decay of B 5 Y , produced by 
proton capture in B I ,Sr, were studied in an attempt to resolve some of the 
discrepancies between recently published level schemes for e 5Sr and 8 7Sr. 

Thin targets of natural Kb and enriched B 5Hb and B 7Rb, in the form 
of both chlorides and nitrates, were bombarded with protons from a Van de 
Graaff accelerator at a series of energies between 2.2 and 3.8 MeV. In 
the case of the B 5 Y decay studies, "SrCl, targets were activated by 
3.8 MeV protons. In each case the resulting gamma rays were detected by 
means of both a high-resolution large Gs (Li) detector with an efficiency 
of about 17 % and a small (1 cm 3) intrinsic Ge detector. 

More than sixty ganma rays in B sSr and about eighty transitions in 
8 7Sr, many of which had not been reported before, were observed. They 
were fitted into level schemes up to 1700 keV in 8 5Sr and 3100 keV in 
8 7Sr on the basis of their threshold behaviours, together with stringent 
requirements on consistency in energy surtmation. In addition, similar 
shapes far the respective excitation functions in the (p,ny) studies were 
demanded, from which branching ratios were derived. 

The final level schemes differ in a number of respects from both the 
evaluated and previously published ones and contain several newly proposed 
excited states and transitions. Attempts to fit the observed excitation 
functions by means of optical model and Hauser-Heshbach calculations and 
to derive information on the spins and parities of levels, will be 
described. 
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THE IMAGINARY PART OF THE NUCLEON-NUCLEUS OPTICAL POTENTIAL 

F. Osterfeld, J. Wambach , V.A. Hadsen 

Ins t i tu t fur Kernphysik, KFA JUlich, D-5170 J i i l ich, West Germany 

A f u l l y microscopic, antisymmetrized calculation of the imaginary part W 
of the nuclear opt ical potential has been performed to second order i n an 
effective pro ject i le target-nucleon interact ion (PTI) for a f i n i t e nucleus. 
An optical Green's function is used for the propagation of the intermediate 
project i le and a l l energetically open ine last ic and charge exchange RPA-
intermediate s ta tes 1 ) are included. Charge exchange processes are rather 
important accounting for more than 1/3 of H in elast ic neutron scatter ing. 
The calculated W tends to be surface peaked largely due to surface peaked 
t ransi t ion densities of the col lective intermediate states; a strongly surface 
peaked potential does not occur when simple particle-hole intermediate states 
are used. In the 

Imaginary optical potential 
R[fm] 

E i n c = 30MeV 

figure we compare 
the "equivalent 
local" potential 
of the calculated 
non-local one for 
'"'Cafn.n) with a 
phenomenological 
potential (PPOT) 
of ref. 2 and also 
with a calculation 
of Vinh Hau et 
al . 3 ) . In compari
son with PPOT we 
find that the cal
culated pctiiitial 
is surface peaked 
but that it under
estimates PPOT by 
about 2 MeV in 
depth and that it 
is also shifted by 
0.5 fm to the inner region of the nucleus. Preliminary calculations show, 
however, that the latter discrepancy is removed when a density dependent PTI 
is used. Therefore we conclude that a density dependent PTI together with 
nuclear collectivity will probably lead to a microscopic imaginary potential 
which has surface absorption in agreement with phenomenological potentials. 

calculated W(R) 
(this work) 
calculated W l R ) 
(Vinh Mau et al.) 
phenom. 
(Rapaport et aL) 

Present address: 
11794, USA 

Dept. of Physics, SUNY at Stony Brook, Stony Brook, N.Y. 

Dept. of Physics, Oregon State University, Corvallis, Permanent address 
Or. 97331, USA 

1) S. Krewald, J. Speth, Phys. Lett. 52B_ (1974) 295 
2) J. Rapaport, V. Kulkani, R.W. Finlay, Nucl. Phys. A330 (1979) 15 
3) N. Vinh Hau, Microscopic Optical Potentials, Lecture Notes in Physics, 

vol. 89 (Springer-Verlag, 1979) 
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PRESCRIPTION FOR STRIPPING TO NARROW UNBOUND LEVELS 

R. Huby and J.R. Mines 

Dept. of Appl ied Mathematics and T h e o r e t i c a l P h y s i c s , 
The U n i v e r s i t y , P .O. Box 147, L iverpoo l L69 3BX, U.K. 

A method of DWBA a n a l y s i s o f s t r i p p i n g to unbound l e v e l s has e v o l v e d 
i n o n l y s l i g h t l y d i f f e r i n g v e r s i o n s from work by Vincent and F o r t u n e ' ' and 
by Huby and o t h e r s 2 ) . I t d i f f e r s from DWBA c a l c u l a t i o n for s t r i p p i n g t o a 
bound l e v e l through the wave f u n c t i o n used to d e s c r i b e the s t a t e formed by 
n u c l e o n t r a n s f e r to the t a r g e t . The p r e s c r i p t i o n f o r the r e a c t i o n A ( d , n ) f i ^ 
where Bx i s uns tab le a g a i n s t pro ton decay, may be s t a t e d as f o l l o w s . Suppose 
the observed (d ,n) y i e l d peaks a t an energy E „ x corresponding to a 
resonance energy Ep, o f the r e s i d u a l (p+A) sys tem. One c a l c u l a t e s a s i n g l e -
p a r t i c l e wave f u n c t i o n f o r (p+A) s c a t t e r i n g , u s i n g the Coulomb p o t e n t i a l 
p l u s a Woods-Saxon p o t e n t i a l whose depth i s v a r i e d t o y i e l d e x a c t resonance 
a t the observed energy Epx- This wave func t ion i s normal i sed to the 
a s y m p t o t i c form (2m/irk)T G^6r, where G i s the usua l i r r e g u l a r Coulomb wave 
f u n c t i o n . S u b s t i t u t i o n of t h i s wave funct ion i n the DWBA i n t e g r a l s i n p l a c e 
of a bound wave f u n c t i o n y i e l d s the peak d o u b l e - d i f f e r e n t i a l c r o s s - s e c t i o n , 
denoted ( d 2 o / d E n d f i ) B ' ' B * , a p p r o p r i a t e for a h y p o t h e t i c a l s i n g l e - p a r t i c l e 
r e s o n a n c e . According t o the t h e o r y , the observed d i f f e r e n t i a l c r o s s - s e c t i o n 
( d a / d n ) O D S ( i . e . d 2 a /dE_df l ) 0 i j S i n t e g r a t e d over the resonance and summed 
over open channels) i s Jir r . ^ (d2a/dEndSJ)DWB&, w n e r e f ^ s t n e p a r t i a l 
w idth o f the unbound l e v e l i n the channel of proton plHg.A i n i t s ground 
s t a t e . So r a X i s ( d a / d n ) 0 b s d i v i d e d by U ( d Z a / d E n d £ i ) D W B A . Next one 
c a l c u l a t e s the s i n g l e - p a r t i c l e width I \ S P , and the spi 

i A . 
p e c t r o s c o p i c f a c t o r S 

This procedure runs i n t o d i f f i c u l t y when r^ s P becomes very s m a l l . Both 
r^ s P and ( d 2 o / d E n d n ) ' 3 W B A become d i f f i c u l t to e v a l u a t e s e p a r a t e l y , and unduly 
dependent on d e t a i l s o f t h e Cou lomb-p lus -centr i fuga l b a r r i e r , whereas S. 
(determined by t h e i r product ) s h o u l d be weakly dependent upon such d e t a i l s . 
A procedure which c ircumvents t h i s i s inherent i n t h e theory developed by 
Huby. I t r e s t s on u s i n g a r e s o n a n t s i n g l e - p a r t i c l e wave funct ion which i s 
d i f f e r e n t l y normal ized. W r i t i n g the s i n g l e - p a r t i c l e p o t e n t i a l as U/B, one 
a g a i n v a r i e s 6 u n t i l the r e g u l a r wave f u n c t i o n i s a s y m p t o t i c a l l y p r o p o r t i o n a l 
t o G a t the observed resonance energy . Then U i s r e s c a l e d t o make B u n i t y 
a t t h i s energy , and dfl/dE i s c a l c u l a t e d h e r e . The re sonant wave f u n c t i o n 
<j> a t t h i s energy i s normal ized so t h a t 

The r e s u l t obta ined u s i n g t h i s wave func t ion i n DWBA g i v e s the d i f f e r e n t i a l 
c r o s s - s e c t i o n ( i . e . d^/dE^d^ i n t e g r a t e d over the joeak) for a h y p o t h e t i c a l 
s i n g l e - p a r t i c l e resonance . C a l l i n g t h i s (do/diJ)' 3 A , we c a l c u l a t e the 
s p e c t r o s c o p i c f a c t o r by 

The numerical work i n v o l v e d i n c a l c u l a t i n g e q s . ( 2 ) and (3) becomes e a s i e r , 
more a c c u r a t e , and l e s s dependent on b a r r i e r d e t a i l s as r s ^ narrows. A 
procedure i s developed f o r i n c o r p o r a t i n g t h i s wave f u n c t i o n i n t o an e x i s t i n g 
DWBA program (DWUCK4, w r i t t e n by P.D.Kunz and extended by J .R. Comfort) 
which has been suppl ied through the kind o f f i c e s of J .M.Nelson . 

1) C.M.Vincent and H.T.Fortune , Phys . Rev. C8_ (1973) 1084. 
2) D . K e l v i n and R.Huby, J . o f Phys . G3 (1977) 239 . 
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NUCLEAR DYNAMICS CLUES FROM LOW ENERGY NEUTRON SCATTERING 

M. T. McEllistrem, J. P. Delaroche, M. C. Mirzaa, and S. W. Yates 

University of Kentucky 
Lexington, Kentucky 40506 

Neutron scattering at energies Ejj 2 7 MeV has been shown to be quite sen
sitive to collective excitations of target nuclei 1). Accurate measurements 
of elastic and inelastic scattering to the 2±+ level provide determinations 
of quadrupole moments of the mass distributions of deformed nuclei. But if 
the geometrical character of the E2 excitation is unknown, that information 
cannot be extracted from the neutron scattering cross sections 1). Even such 
different modes as surface vibrations of a spherical nucleus or rigid rota
tions of a permanently deformed nucleus provide nearly identical angular dis
tributions for elastic scattering and scattering to a 2^ + level 1). 

However recent work with the Pt isotopes at low incident energies, 
2-4.5 MeV, shows much greater sensitivity of the scattering to the character 

of collective excitations. Excitations of 1 9 4 P t at these energies are strong 
for axially symmetric and asymmetric modes. Two models are being tested to 
describe the neutron scattering, a triaxial rotor and an anharmonic vibra
tional model, which implies a surface "soft" to Y-vibrations. Both have ma
trix elements or coupling strengths adjusted to fit low-lying excited levels 
and their E2 decay rates. At 2.5 MeV the elastic data alone differentiate 
between the two models, showing a clear preference for the y-vibrational mod
el. But the inelastic scattering is not helpful, since the 2 2 + level scat
tering is dominated by compound system contributions. At 4.55 MeV incident 
the 2 2

+ direct excitation data clearly separate the two models, but now the 
elastic scattering calculations for the two models are only slightly differ
ent. Together these results show the strong sensitivity of the elastic scat
tering at low incident energies, which rapidly diminishes as the bombarding 
energy increases. At higher energies accurate inelastic scattering cross 
sections provide the requisite data for separating models. 

This work was supported by the National Science Foundation and the Depart
ment of Energy, 

ttpermanent address: Centre d'Eftudes de Bruyeres-le-Chatel, B. P. No. 561, 
92542, Montrouge, France. 

1. G. Haouat, J. Lachkar, Ch. Lagrange, M.T. McEllistrem, Y. Patin, R.E. 
Shamu, and J. Sigand, Phys. Rev. C 20_ (1979) 78; M.T. McEllistrem, R.E. 
Shamu, J. Lachkar, G. Haouat, Ch. Lagrange, Y. Patin, J. Sigand, and 
F. Cocu, Phys. Rev. C 15_ (1977) 1927. 
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CHARGED PARTICLE CQNTINUA FROM NEUTRONS ON CARBON AT 60 MEV 

T. S. Subramanian 

Lawrence Berkeley Laboratory 
University of Cal i fornia 

Berkeley, California 94720 
* * + 

J . L. Romero.F. P. Brady, J . W. Watson, D. H. Fitzgerald, 
R. Garrett, G. Needham, J . L. Ullmann and C. Zanelli 

Crocker Nuclear Laboratory and Department of Physics 
University of Cali fornia 
Davis, California 95616 

Continuum d i f ferent ia l cross sections for deuterons, t r i t ons , 3He and 
alphas have been measured at nine angles ranging between 15 and 150 , fo r 
60 MeV neutrons on carbon using the neutron-induced, charged-particle f a c i l 
i t y a t the Crocker Nuclear Laboratory. 1) Both double-dif ferential and angle-
integrated laboratory cross sections are compared with charge symmetric 
proton-induced reaction data 2 ) [ v i z . (n.xd) with (p,xd) , (n,xt) with ( p . x t ) , 
(n.xx) with (p.xt) and (n.xo) with (p.xo)] in the f i gu re . Our data are rep
resented as experimental points and the proton data as a l i ne . The close 
agreement observed confirms the expected s imi la r i t y between cross sections 
for reactions induced by protons and neutrons i n self-conjugate nucle i . 
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This work was supported by Grant PHS CA-16Z61 from NCI, DHEW and by U.S. 
**NSF Grant PHY 71-03400 and PHY 77-05301 
^Present address: Dept. of Physics, KSU, Kent, Ohio 

++ Present address: LASL, Los Alamos, New Mexico 
Permanent address: Dept. of Physics, Univ. of Auckland, Auckland, 

New Zealand 
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The Isospin Mixing in Ni Double-hole State Analogues 

I. Katayama, S. Morinobu, M. Fujiwara, Y. Fujita, 
T. Yamazaki and H. Ikegami 

Research Center for Nuclear Physics, Osaka University, Osaka, Japan 

The excitation of double hole state analogues (DHIAS) in light nuclei 
has extensively been measured by Berkeley Group using (p, t) reactions ' -
With the increase of mass number, the excitation energy of the DHIAS becomes 
high and the cross section decreases roughly proportional to 1/T2 ' , which 
have hampered the detailed investigation of the DHIAS in heavier nuclei. 

The magnetic spectrograph "RAIDEN" was used to observe the DHIAS in Ni 
isotopes via (p, t) reactions at 55 and 65 MeV. The energy resolution 
obtained was 15 keV to 20 keV depending mainly on the target thickness. The 
variation of the triton line width for the 5 8Ni level with the excitation 
energy i= shown in fig. 1. The width grows rapidly above the proton and 
neutron separation energies. The DHIAS in 5 8Ni showed a distinctly struc
tured profile as shown in fig. 2. The spectrum was decomposed into four 
lines by using a line shape of the low lying state as a standard for the 
instrumental line profile. The angular distribution of each line showed a 
characteristic pattern for J'n=0+. The Coulomb matrix elements between the 
DHIAS and three T< states were calculated to be 5.3, 2.8 and 3.7 keV, res
pectively. Fig. 3 shows the DHIAS in 6 z N i nucleus. After a careful correc
tion for the energy loss effect on the line shape, the width of the DHIAS in 
6 2Ni was derived to be less than 10 keV, which is remarkablly narrow con
sidering the high excitation energy of the state. Since the proton decay to 
the excited arilogue states in e^Co is expected to be considerablly reduced 
by the barrier penetration effect (Ep=1.0 MeV, fi£=l) , the obtained width 
would represent the spreading width of the DHIAS. It is interesting 
to note that the spreading width or the isospin mixing matrix elements for 
the DHIAS in 5 8 » B 2 N i and °°Ni (not shown here) are comparable or less than 
those observed in the single hole state analogues in Ni isotopes 3) 

References 
1. J . Cerny, Ann. Rev. Nucl. Sc i . 18_ (1968) 
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STATISTICAL MULTISTEP DIRECT EMISSION IN SOME p,n REACTIONS 

L. Avaldi, R. Bonetti, L. Colli Milazzo 
Istituto di Fisica del I'Universita - Milano 

P.E. Hodgson 
Nuclear Physfcs Laboratory - Oxford 

t.l) 
Following the theory by Feshbach, Kerman and Koonin which descri= 
bescorrectly the nuclear reaction mechanism called pre-compound 
emission, we have calculated the multistep direct contribution 
to the reactions Sn(p,n) Zr(p,n) and Pb(p,n) measured by Galon= 
sky at 45 Mev incident proton energy. 

The cross-section for emission of particles according 
to the SMDE is given by , ^ *->-» \ Ar-Ac k-A 

(£* \ y V fa fie M <?%&& ̂ fatS^. ***&>'*" 
where V'abels the stage of the chain and in the exit mode. 
The detailsof the calculation of the necessary matrix elements 
have been obtained on the basis of a microscopic description of 
the two-body interaction in the nucleus. 
This basic interaction is described by 
means of a Yukawa potential. i 

The calculation of the first step 
of the transition to the continuum, the 
usual direct effect is performed by the 
method of averaging on final levels, i r. 
the same way of what is done for the 
next steps. 

For incoming and outgoing distorted 
waves, the optical model potential of 
Becchetti and Green I ess was used. 

A good agreement of calculations 
with experimental results was obtained. 
The results in absolute value, are shown 
in the figure which displays the angular 
distribution of neutrons emitted at three 
different energies. 

<)H. Feshbach, A. Kerman, S. Koonin 
In publication on Annals of Physics 

p\. Feshbach 
Proceeding of Varenna Conference on Nuclear Reaction Mechanism 
1977 - CLUED - Milano 
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NEUTRON-NUCLEUS TOTAL CROSS SECTIONS FROM 200 TO 590 HeV+ 

J. Franz, H.P. Grotz, L. Lehmann, G. Nicklas, P. Reichmann 
E. Rossle, H. Schmitt, and I. Schouky 

Fakultat fur Physik der Universitat Freiburg i.Br., D-78 Freiburg i.Br. 

Neutron-nucleus total cross sections have been measured for the follo
wing 14 nuclei: Be, C, 0, Al, V, Mn, Co, Cu, Ag, Ce, Ta, Pb, Bi, and U. It 
was our aim to give a survey across the whole periodic table and to cover in 
a single experiment the intermediate energy range from 200 to 600 MeV which 
includes the pion production thereshold. The experiment has been performed at 
the SIN-neutron beam using the transmission method in "good geometry". For the 
neutron detection a liquid hydrogen target was used in connection with a mag
netic spectrometer for the momentum analysis of the recoiling protons from 
the n+p •+ p+n reaction. Because of the extremely small solid angle of about 
1 usteradian defined by the de:ector, no extrapolation was necessary. The 
lengths of the absorbers corresponded to a transmission of about 60 %. The 
influence of double scattering by the absorbers is estimated to be negligible. 
This has been verified experimentally with copper absorbers of different 
transmissions. No significant effect could be observed. 

From the measured attenuations the cross sections have been evaluated at 
20 energies. In the case of oxygen, a water absorber was used and the proton 
contribution was subtracted using our previous a data ) . The results have 
typical statistical errors between 1 % and 2,5 %. The systematic errors, 
mainly due to beam fluctuations are less than 0,3 %. 

The cross sections show minima around 290 MeV for the lighter elements, 
which shift slightly to about 310 MeV for the heavier elements. Our data 
agree well with the results of Schimmerling et a l .2 ) , except for Be, Cu, and 
U, where small but significant discrepancies occur. Our data agree also well 
with proton total cross sections of Schwaller et a l . 3 ) . For the self conjugate 
nuclei 1 2C and '&0 i t may be useful to compare quantitatively neutron and pro
ton total cross sections. Using the data of Ref.3) together with ours we get 
an averaged difference 

<(u -a ) / a > of O.0O6 + 0.019 and -0.005 + 0.015, p n' p - -
respectively. In order to extract the global feature of the A-dependence we 
fitted our data according to the expression o (A,E) = a ( E ) - A P ( E ) . 
This results in a p which i s linearly ° 
decreasing with neutron energy from @ = .81 at 200 MeV to B = .77 at 590 MeV. 

+This work was supported by the German Bundesminister fiir Forschung 
und Technologie. 
(1) Th. Fischer et a l . , Contrib. 8th Int. Conf.on High Energy Physics 

and Nuclear Structure, Vancouver, Canada, 1979, p. 65 
(2) W. Schimmerling et a l . , Phys. Rev. C7 (1973) 248 
(3) P. Schwaller et a l . , Nuclear Physics A316 (1979) 317 

890 



SPIN-TENSOR INTERACTION IN POLARIZATION TRANSFER REACTIONSt 
J. W. Huggtt and S. S. Hanna 
Nuclear Physics Laboratory 

Department of Physics 
Stanford University 

Stanford, California 94305 
Beta-emitting nuclei have been polarized in 

(p,n),(d,n),(d,p), and (p,a) polarization transfer 
reactions in thick crystalline targets. All recoil 
nuclei are stopped in the thick target which is placed 
in a strong magnetic field tc preserve polarization. 
The asymmetric beta decay of the implanted recoil 
nuclei is detected to measure the polarization trans
ferred. We have, observed polarization transfer in 17 
reactions: 7L1 (d,p)8Li ,HB(d,p)12B,l60(d,n) 17F, 
19F(p,n)19Ne,19F(d,p)20F,23Na(p,n)23Hg,25Hg(p,n)25All> 

28Si(p,a)25A£,27Al(p,n)27Si,27Al(d,p)28A£,28Si(d,n)29P 
29Sijp,n)29P,3IP(p,n)31S,32S(d,n)33CH,35Cll(p,n)35Ar, 
39K(p,n)39Ca, and •40Ca(d,n)«ilSc. 

A simple spectator model (Fig. 1) describes the 
deuteron stripping polarization transfer reactions. 
The addition of a single spin-polarized nucleon to the 
valence orbit of the unpolarized target nucleus deter
mines that the polarization transfer to the product 
nucleus will be positive if the valence orbit is a 
stretched configuration and negative if it is jack-
knifed. 

A simple quasi-elastic model (Fig. 2) describes 
the charge-exchange polarization transfer reactions. 
The proton and neutron exchange charge but rarely spin, 
so the recoil neutron spin is preferentially parallel 
to the projectile proton spin. If the product nucleus 
is an odd proton mirror of the target nucleus, the 
polarization transfer will be positive if the valence 4 

orbit Is stretched and negative if jack-knifed. If 
the product nucleus is an odd neutron mirror of the 3 

target nucleus, the unpaired neutron will have spin 
preferentially antIparallel to the projectile proton 
and the polarization transfer will be negative if the 2 

valence orbit is stretched and positive If jack- ? 
k n i f e d * 11 - 11 ? 

A DWBA calculation of the *"P(p,nr S -
reaction can describe the sign and general shape of °" 
the polarization transfer (Fig. 3). The nucleon- ° 
nucleon interaction includes a charge-exchange 
potential V » 9 HeV, a spin-flip potential V - -i 
6 MeV, and a spin-tensor potential V- - 8 ± 4 a THeV. 
This result is consistent with recent observations 
of the polarization and angular distribution of ~2 

neutrons from the 11B(p,n) and 14C(p,n) reactions. 
tSupported by the National Science Foundation. ~3 

ttPresent Address: Shell Development Co., Physics, 
Hath S Comp Sci Dept., P.O.Box 481, Houston,TX 77001. 
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SYSTEMATICS OF NONFISSION REACTIONS INDUCED BY PROTONS 
WITH ENERGIES GREATER THAN 100 MeV.1" 

Lester Winsberg 

Department of Physics 
University of Illinois at Chicago Circle, Chicago IL 60680 

Experimental results for nonfission reactions induced by 
protons with energies greater than 100 MeV are analyzed by simple 
models ). Spallation reactions are assumed to occur in two steps: 
an initial fast process in which momentum is transferred to the 
struck nucleus in the forward direction, followed by an isotropic 
random-walk process. The reaction parameters are divided into 
three groups. The first two correspond to these two reaction 
steps and the third is based on an energy inventory of the over
all reaction. Systematic deviations from this model are attri
buted to the presence of fragmentation. 

First step. The combined spallation and collision-tube 
models give the mass Am of the effective target, the excitation 
energy E* (which includes the kinetic energy of the excite^ 
nucleus and the separation energy of the emitted nucleons), E /AA 
where AA = A (target nucleus) - AJJEQ (observed nucleus) , and 
AA/Am. SYSTEMATICS: (1) Am, E*, the binding energy per nucleon, 
and the average mass of the emitted particles increase with A A. 
(2) E*/AA decreases with AA. (3) AA/Am = 15 for the reac
tions in gold that were analyzed. (4) 
is not valid in light nuclei when AA 

Second step. The average recoil 
energy imparted in this step to the 
observed nucleus is <T>. The average 
energy of the recoil partners is e s 

in a random-walk process and ep in 
two-fragment breakup. SYSTEMATICS: 
(1) Spallation is indicated if AA/A 
<0.67 and <T> = e s AA/A MeV with 
eg = 17 MeV, see figure. The average 
energy of 2 H , 3 H , 3He, and 4He=16 MeV. 
This result is evidence for a random-
walk process, caused by the emission of 
these particles. (2) A combination of 
fragmentation and spallation is indi
cated if AA/A>0.67, Apgp>5, and 
<T> = 20-50 MeV. (3) The largest 
values of <T> are found in fission 
(50-100 MeV). 

Probability of various reaction modes 
the probability of a given reaction mode P, 

The collision-tube model 
is large. 

max 
The upper limit to 

can be calculated 
max from an energy inventory of the reaction. SYSTEMATICS: (1) Pj _ 

is largest for nucleon emission if AA is small and is zero for 
large values of AA. (2) P m av i-s larger for a emission than 
for nucleon emission but •+• 0 ror very large values of A A. 
(3) P, max 1.0 for most reactions involving two-fragment breakup. 
'''This work was supported by the National Science Foundation and 
the Division of Nuclear Physics of the U.S. Department of Energy. 

1) L. Winsberg, submitted to the Physical Review C. 

892 



CORRELATION EFFECTS IN HIGH ENERGY (p,d) REACTION 
!. Saini and B.K.. Jain 

Nuclear Physics Division 
Bhabha Atomic Research Centre, Bombay 400 085, India 
The (p,d) reaction at high energy are described by con

sidering the interaction of the incident proton with the 
correlated pair in the nucleus. For the diagram shown in the 
figure, the cross-section for (p,d) reaction may be written as 

where FK;„, ±g the kinematic factor and ^ are the single 
particle bound state wave functions, f are the correlation 
functions. They are written as -f = |_ g . Where 

A IT J 4JI 
-k 

,2C(p.d)"C(g.s).Tp = 700M«V 

In this preliminary investi ̂ tion we have assumed * s - Tb 
and W^q,)- €Cj.-tc)« Using Reid soft core deuteron wave 
function and Elton-Swift wave functions for bound nucleons 
results corresponding to Hv 
= 200 and 300 MeV/c are shown 
in the figure. For comparison 
the plane wave predictions of 
the normal pick-up model are 
also shown, it shows that the 
cross-sectiom is very sensiti
ve to the correlations. The 
correlations change both the 
magnitude as well as the sha^e 
ox the angular distribution..v 
In line with the experiments ' 
(not shown in the figure) the 
results with correlations have 
lesser structure. 

£10 

in* 

15 20 25 
9cm<d«a) 

1. 3.D. Baker et a l . , Phys.Let t . Bjj2 (1974) 57 
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TWO JtfUCIEOH MODEL FOR ( p , d ) REACTION AT HIGH ENEB.GT 

B.K. J a i n 

Uuclear Physics Division, Bhabha Atomic Research Centre 
Bombay 400 085, India 

12 Calculations are done for (p,d) reaction at 700 MeV for 
C -^''C (9-S-) transition in the quasl-deuteron model. In 

this model the cross-section may be written as 

where ( clcr / cl E dSL ) ±B the free p + d-» p + d cross-
section at energy B. F is the structure factor, given by 

where *p and-*-*) are the sums over protons and active neutrons 
respectively. Using the Held soft core deuteron wave function, 
J&ton-Swift wave functions for nucleons ana the experimental 
pd.cross-section of Vincent et 
al ' results are shown in fig. 
1. Since in this calculation 
the attenuation of the outgo
ing deuteronB and incoming pro
tons is not included, we have 
compared only the shapes of 
the computed and measured dis
tributions2'. For comparison 
the predictions of the usual 
pick-up model in plane wave 
are also shown. It is evident 
that, in contrast to the pick
up model, quasideuteron model 
reproduces the shape of the 
distribution to a great extent. 
Calculations with the inclusi
on of distortion of protons 
and deuterons are in progress. 

U 6 46* 8W 578 S6I 7i> QlWfc) 

C (p,d) C(B )̂.1»> ='00 MA 
_D«uteran modil 

1 . 
2 . 

Phys. Ee-v.lett. 24 (1970) 236 
Baker et al., Phys. Lett. B§2 TT974) 57 

J. Vincent et al 
S.D 
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90,92 Zr(p,p') REACTIONS AT 800 MeV* 
F. T. Bakera, C. Glashausser Scottc G. Adams , . c , d M. Grimma, G. Hoffman3, G. Igoc, W. G. Lovec, J.fMoss , 

V. Penumetchaa, W. Swensone, and B. E. Wood 
Angular distributions of differential cross sections and 

analyzing powers have been measured for elastic and inelastic 
scattering of 800 MeV protons from 9 0Zr and Zr. The data, 
acquired in 0.3° steps for the angular range 2°-18°, were obtain
ed using the High Resolution Spectrometer at LAMPF+ Excited 
states for which data have been obtained are the 2 (2.J.8), 5 , 
3", 4 ?, 2* (3.31). 6*. 8 + for 9°Zr and 2 + (0.93), 4 +, 2 (1.83), 
3", 5", for 9 ZZr. The data for elastic scattering and inelastic 
scattering to the more collective 3 and 5 states are virtually 
identical in shape for the two targets; collective-model DWBA 
analyses provide excellent fits to these data and, particularly 
from the fits to the analyzing power data, strongly indicate the 
need for deforming the spin-orbit potential. Significant differ
ences, however, have been observed for the less collective first 
2* states and for the A states of 9 0Zr and 9 2Zr. The data for 
the differential cross sections of the 4 states shown in the 
Figure are representative of these differences. Although similar 
differences may be seen in the analyzing power data, these are 
somewhat less convincing because of larger experimental uncer
tainties. Also shown in the Figure are collective-model DWBA 
predictions using equal deformations for all potentials. Since 
these two calculations are virtually 
identical, they emphasize the 
differences between the two 
nuclei. It is generally assumed 
that the dominant configurations 
for these J=2,4 states are 
( 7 r9 9/2>j for

 9 0Zr and (vd 5 / 2)^ 
for 9 ZZr. We therefore expect 
that microscopic-model impulse-
approximation analyses of these 
data will yield interesting re
sults concerning the sensitivity 
of intermediate-energy proton 
scattering to the microscopic 
nature of the states excited. 
This work was supported by the 
National Science Foundation and 
the U. S. Department of Energy. 
aThe University of Georgia, Athens, GA 30602 
bRutgers University, New Brunswick, NJ 
cUniversity of California at Los Angeles, Los Angeles, CA 
^Los Alamos Scientific Laboratory, Los Alamos, NM 
e0regon State University, Corvallis, OR 
fThe University of Oregon, Eugene, OR 
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TWO-STEP PROCESSES IN THE H2Sn(p,t)ll<>Sn REACTION AND THE VALUE OF D„ 

P.J. Blankert, H.P. Blok and J. Blok 

Natuurkundig Laboratorium, Vrije Universiteit, Amsterdam 

The cross section for a (p,t) reaction in zero-range DWBA is proportional 
to the zero-range normalisation constant DJj. The value often used (DjJ =25-40 
in units of 101* MeV 2fm 3) is not a theoretical estimate1J(D^ra8), but is ob
tained from cases, where the nuclear wave functions are assumed to be known. 
So contributions of e.g. two-step processes are incorporated in the value of 

The influence of such process was investigated in the 1 1 2Sn(p,t) 1 1 0Sn 
reaction at E =27.5 MeV. One- and two-step calculations were performed with 
CHUCK using spectroscopic amplitudes calculated from number-projected BCS wave 
functions. These calculations reproduce the single-neutron transfer2J. Great 
care was taken to treat consistently the various phase factors. The calcula
tions were done in zero-range. Finite-range and nonorthogonality effects are 
estimated to be small 3J . 

The one-step description of the ground-state transition requires "' •• >, 
but fails to reproduce the shape of the angular distribution (see fig. \ , . The 
two-step process (p,d)(d,t) accounts for about half of the cross section (the 
contributions of the various orbitals adding coherently). Combination of the 
two-step contribution with a one-step transition with D? = 23 yields a rather 
good description of the data. These calculations used a model space of one 
major shell. The use of three major shells reduces D§ to about 10. 

For the 2 + state the influence of sequential transfer is negligible due 
to destructive interference between the various components, but here the ine
lastic excitation of the core preceding or following two-neutron transfer is 
important. The one- and two-step contributions yield the same shape and inter
fere contructively. The measured angular distribution is well reproduced (see 
fig. 2). The inclusion of the two-step processes reduces the value of D? needed 
to explain the data from 32 to 7. 

r 10 
a 
Si 
£ 
4 2 ii 

' 
Snipu—• Sn(8»j 

° V. 

: ' 

-' K* 
t° '•V/; 

f2 V> 

-en* t u p 
- twoittp uquantiai 

r3 

fig. 1 

fig. 2 

0 30 60 SO 
— t f8 C M (degress) 

10 

-1 

gran—-"Swa;! 

2 
H 

- - - " O N N— 

-3 

-* 

"S 

two tl«e Mouanllal 
—— two aim maiMlic 

l0UI«*lltiD£m7 

0 30 60 90 
—•fi-u (degrees) 

1) T.K. Lim, Phys.Rev. C7_ (1973) 1288 
2) P.J. Blankert, Thesis, Vrije Universiteit, Amsterdam (1979) 
3) N. Hashimoto and M. Kawai, Prog.Theor.Phys. 59_ (1978) 1245 

N. Hashimoto and H. Kawai, Prog.Theor.Phys. 59 (1978) 1562 

896 



THE SPIN-ORBIT FORCE AND BEATS IN p-NUCLEUS SCATTERING 
t t 

J. A. McNeil and D. A. Sparrow 
Department of Physics, University of Pennsylvania 

Philadelphia, Pennsylvania 19104 
The universally similar nature of a wide variety of elastic and inelastic 

proton-nucleus scattering phenomena at intermediate energies arises from the 
dominance of the nuclear geometry which for a Fermi distribution is charac
terized by two parameters, the half density radius, c, and the diffusivity, 
S.1 A useful heuristic approximation to the scattering amplitude which dis
plays this dominance is A Re-- q °, where b 0 = c + iirB, which displays the 
oscillations and exponential fall-off characteristic of scattering in this re
gime. The fact that the nuclear geometry dominates allows one to include spin 
dependent forces simply. If the fundamental micleon-micleon amplitude is 
written TjngCl) " A(q) + (f-n C(q) - A(q) (1+qwa-n), where w is constant, one 
can derive spin channel optical potentials of the form 

opt V (r) + iw d 
c d7 Vc(r). 

Noting that the spin orbit "length" parameter, w, is much smaller than 
the dominant characteristic length, b , we may invoke Taylor's theorem to 
write V ± (r) S v (rfiw) . ° 

opt c ± 

For a Fermi distribution this is equivalent to the change b •+ b = 
c ± Im w + iTT(B * Rew/ir) . ° ° 

The spin orientation only changes the effective size of the target nuc
leus. Whatever analysis one uses to convert V c into (spin-independent) cross 
sections may now be used to convert V* into spin channel cross sections and 
thus determine polarizations. p 

A transparent illustration where 
changing the effective nuclear radius for 
spin channels has dramatic consequences 
is when c/Imw is the order of a few and 
Rew/irB is small. Then within the usually 
observed angular range the spin channel 
cross sections will have sufficiently 
different periods to produce a beat-like 
phenomenon in the unpolarized cross sec
tion, that is the filling-in and subse
quent reappearance of diffraction minima. 
The 135 MeV 9°Zr(p,p) data^ shown in Fig. 
1 is a striking example of this effect. 
Supported in part by a grant from the 
U. S. National Science Foundation. 
1. R. D. Amado, F. Lenz, J. A. McNeil 

and D. A. Sparrow, submitted to 
Phys. Rev. C. 

2. Reproduced from Indiana University 
Cyclotron Facility Newsletter No. 22, 
Feb. 1978. 9 e m ( d e g ) 

Figure 1 
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STUDY OF THE 4 1 K ( p , n ) 4 1 c a REACTION 

3. S a i n i , Gulzar Singh*, A. C h a t t e r j e e and M.K. Hehta 
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Nuclear Physics Division, Bhabha Atomic Research Centre, 
Bombay - 400 085, India. 

Spectroscopic information similar to that obtainable from 
(d,p) reactions can be extracted from a study of the isobaric 
analog resonancea (IAR) populated through (p,p) and (p,n) rea
ctions, rfhen the analog states are below the Coulomb barrier 
of the proton plus target system, the corresponding anomalies 
in the (p,p) channel are very weak. These states, however, 
show up rather, prominently in the 
(p,n) channel^' and can be shape 
analysed to obtain the spectroscop- f 
ic information on the parent levels 
Thus the study of the (p,n) reacti
ons at sub-Coulomb energies is a 
very convenient tool to study low-
lying IAR and to extract the proton 
optical model parameters at low 
energies. g / 

° 160 L / 
The total (p.n) cross-sections 

for the reaction 4lK(PfIl)41ca have been measured utilizing a 4 TT -geo
metry neutron counter and K2S0t targets (~1.6 keV thick for 2 MeV 
protons). The excitation function 
was measured in 5 keV steps for 
E p = 1.460-4.100 MeV. Strong IAR 
were observed at EU = 1.465, 1.880, 
2.358, 2.790, 3.545 and 3.900 MeV. 
The results of the optical model, 
Hauser-Feshbach (HF) and HP Moldau-
er calculations are shown in fig. 1. 
The shape analysis of the IAR was 
carried out using the Robson-
Johnson*) expressions. A typical 
case is shown in fig. 2. 

The spectroscopic factors for 
the IAR at B n = 1.564, 1.880, 2.358 and 3.545 MeV extracted from the 
present analysis are 0.19, 0.61, 
0.1 and .08 respectively. (d,p) 
results are not available in lite
rature for comparison. 
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1 . T .P . Viyogi e t a l , Phys. Kev.C18 (1978) 1178, S. K a i l a s e t 
a l , Nuc l . Phys . A315 (1979) 157, Phys . Aev.C12 (1975) 1789. 

2 . C.H. Johnson e t a l , ffucl. Phys . A107 (1968) 27 . 
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THE BROAD STRUCTURE IN THE EXCITATIOH CDRVE 
OP 115In(n,n«) 1 1 5"ln REACTION 

Pan Pel-goo Lu Han-lln LI Ji-zhou 
Huang Jlan-zhou 

Institute of Atomic Energy 
Academla Sinlca, Beijing China 

Cross section for the 5In(n,n') reaction has been 
measured by the activation method in the neutron energy range of 
0.88-5.65 HeV and 14.1-14.8 HeV with uncertainty about ±5*. 

The excitation curve (Fig.1) for 5In(n,n') '""in reaction 
exhibits a hump at about 2.7 HeV and a 
valley at about 4 HeV, then the cross 
section increases with energy and 
shows slight fluctuation in the 5-5.4 
HeV region. Similar structure, but 
not as conspicuous, also exists in 

1 2) the results of other authors ' ' 
without explicitly mentioning. 

The explanation oould be the fol
lowing: the result of the varying con*-
tributions from discrete levels and 
the high continuous states of 'in, 
the result from direct interaction or 
from the (n-p) pairing effect. 

1. D. £. Smith et. al 
2. D. C. Santry et. al 

AHL-H>H-14(1975) 
NSB 58 (1975) 377 

899 



COMPARISON OF (d,p) AND (p,ir+) ON 2 8 S i 
AT SIMILAR MOMENTUM TRANSFERS* 

W. W. Jacobs, A. G. Drentje,* P. H. Pile,** P. P. Singh, 
T. P. Sjoreen, and S. E. Vigdor 

Indiana University Cyclotron Facility, Bloomington, Indiana 47405 

With a view to compare and contrast the (d,p) stripping reaction with 
the (p,Tr+) reaction, cross section angular distributions have been measured 
at momentum transfers (q) up to 600 MeV/c for the two reactions. In both 
cases two 3/2 + states (Ex=1.27 and 2.43 MeV) and two 5/Z + states (Ex=2.03 and 
3.07 MeV) in 2 9 S i were clearly resolved. Of particular interest is a compari
son of (d,p) and (p,ir+) results for relative population of states of the same 
J ¥, but different single-particle strengths, in z 9Si. Such a comparison 
should be sensitive primarily to differences in residual-state wave function 
components sampled by the two reactions; other differences, e.g., in angular 
momentum coupling/matching, and in distortions of incident and outgoing 
waves, should effectively cancel for population ratios. 

For the (d,p) results in the 
figure, the 3.07 MeV cross section 
has been multiplied by 2 (the spec
troscopic strength ratio observed 
for (d,p) at Ed=18 MeV 1)), and the 
Ex=2.43 MeV data by a factor 30 (this 
state has a non-stripping character 
at lower energies1^). The similarity 
over a wide range of q of the dis
tributions observed for states of 
the same J11, but very different 
microscopic structure, suggests that 
here the (d,p) reaction is sampling 
primarily the single-particle compo
nents of the bound-state wave func
tions. For the weak 2.43 MeV state, 
the onset of another reaction pro
cess may cause the enhancement at 
large q. The solid lines are DWBA 
calculations for the 1.27 and 2.03 
MeV states with spectroscopic fac
tors (0.74 and 0.12, respectively) 
from low-energy (d,p)D. 

For both pairs of states (espe
cially 3/2+) we observe substan
tially greater differences between 
the (p,it+) distributions than between those for (d,p), and also significantly 
different angle-averaged population ratios. Calculations within a pionic 
stripping model confirm expectations that the (p,ir+) differences cannot be 
attributed to Q-value effects. This comparison thus suggests that (p,ir ) is 
more sensitive than (d,p) to other than single-neutron components in the 
bound-state wave function. More specific conclusions concerning mechanism 
differences await comparison of such data (especially state-to-state differ
ences) with calculations based on various models. 

+This work supported in part by the National Science Foundation and NATO. 
*0n leave from Kernfysisch Versneller Instituut, Groningen, The Netherlands. 
**Present address: Carnegie-Mellon University, Pittsburgh, PA 15213 
1) M. C. Mermaz et al., Phys. Rev. C 4. (1971) 1778. 
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THE 1 , ( ) Ca(p,t ) 3 8 Ca REACTION AT 45 MEV* 

Kama! K. Seth and A. Saha 

Northwestern Universi ty, Evanston, IL 60201 

H. Nannf 

Michigan State University, East Lansing, MICH 48823 
Northwestern University, Evanston," IL 60201 

We have studied the reaction '•"Ca 
(p,t) 3 8Ca at the Michigan State Univer
sity cyclotron-spectrograph facility at 
Ep=45.24 MeV. An energy resolution, 
FWHH 12-15 keV was obtained and data was 
taken in the angular range 4° to 60°. 
Fourty-four states were resolved up to 
an excitation energy of 8 MeV whereas 
only sixteen were known beforel) J" have 
been assigned for thirty-four of the ob
served states. This includes seven 0 +, 
ten 2+, twelve 3', three 4+ and two 5" 
states. Correspondence with the mirror 
states in 3 8 A r is found to be generally 
good. 

Earlier s-d shell calculations2) 
completely fail to reproduce the observed 
density of positive parity states. For 
example, these calculations predict only 
one excited 0+ state below 7.5 MeV where
as in our experiment at least seven 0 + 

states are observed, as illustrated by 
the angular distributions in Fig. 1. We 
have done f 7 / 2 d"A2 shell model calculations with configurations up to (4p-6h) 
included, and these do lead to a fairly 
good reproduction of the energy spectrum. 
However, detailed agreement with our 
differential cross section data continues 
to remain quite poor. 
*Work supported in part by the U.S. 
Department of Energy 
Now at Indiana University, Bloomington, 
Indiana 47401 

1) P. M. Endt and C. Van der Leun, Nucl. 
Phys. A31£ (1978) 

2) B. H. Wildenthal et al., Phys. Rev. C4 
(1971) 1266. — 
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SYSTEMATICS OF GROUND STATE (p,t) 
TRANSITIONS IN CALCIUM ISOTOPES* 

A. Saha and Kamal K. Seth 
Northwestern University, Evanston, IL 60201 

H. Nann + 

Michigan State University, East Lansing, MICH 48824 
Northwestern University, Evanston, IL 60201 

In order to study the systematics of the ground state (p,t) transitions 
in terms of nuclear models, it is necessary to measure accurate relative 
cross sections. Using the 40 MeV proton bean from the MSU cyclotron we have 
measured differential cross sections at 8[_ = 18°, 20° and 23° near the -v-22° 
maximum of the L = 0 angular distributions using targets with several dif
ferent mixtures of the isotopes as listed in Table 1. For l,o«1,',»1,8Ca the 
results are in good agreement with those of Bassani and Hintz') who used 5-10 
mgm/cm2 targets which could be easily weighed, but differ by 25? from those of 
Crawley et al.2) who used a 1.1 mgm/cm2 target. 

For the I,3Ca(p,t)''1Ca(g.s.) a clear L = 2 component (17% ± 22) was iden
tified in the predominantly L = 0 angular distribution3). When this contri
bution is subtracted and the cross sections are corrected for Q-value differ
ences by means of DWBA calculations, it is found that a(e(cm) = 22°) are l , 2Ca: 
1*3Ca:'",Ca:,,BCa as 1.00:0.71(2):1.36(4):0.71(3). The predictions of a simple 
Iffy2 model for these ground states are 1:3/4:3/2:1. The agreement is 
therefore "uite good except for l , 8Ca, for which the discrepancy may be attri
buted to the participation of the 2p . orbit. 
Table I. o(e(cm)=22°) in yb/sr for g.s. (p,t) transitions in calcium isotopes. 

Target Calcium Isotopes 40 42 43 44 48 

a) "$"[33.5?(40),34.2?(44),32.4«(48)1 338 737 337 
b) "1 , 3Ca"[12.8%(40),5.4*(42),81.1«(43)] 350 568 441 743 
c) , , 1 , 2Ca"[5.0*;(40),94.4«(42),0.56*;(44)] 345 565 
d) Average (±10S absolute,±3/E relative) 344 567 441 740 337 
e) Bassani (±20% absolute,±10% relative) 560 770 355 
f ) Our Relative o(e) , L = 0 part only •59(2) 1.0 .65(3) 1.30(4) .59(2) 
g) Relative a(e) , Q corrected 1.0 .71(3) 1.36(4) .71(3) 
h) f", 2 model prediction 1.0 .75 1.50 1.0 

•Supported in part by the U.S. Department of Energy. 
+Now at Indiana University, Bloomington, IN 47401 
1. G. Bassani, in B. F. Bayman and N. M. Hintz, Phys. Rev. U2_ (1968) 1113. 
2. G. M. Crawley et al., Phys. Rev. C8 (1973) 574. 
3. A. Saha, Ph.D. dissertation, Northwestern University (1977), unpublished. 
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ABOUT THE ANOMALY OF THE IMAGINARY POTENTIAL AROUND A = 105 

J . Bb'ttcher, A. F e i g e l , E. Finckh, E. H e l l e , B. Rowedder 
K. Ruskamp, U. Schneidereit , P. Trb'ger, and U. Weise 

Physikalisches I n s t i t u t der Universita't Erlangen-Niirnberg 
Erwin-Rommel-Str. 1 

D-8520 Erlangen, Germany 

1) and Flynn et ~>Many (p,n) cross sections were measured by Johnson et al. 
al. ' in the mass region 89 = A = 130 for energies from 2 MeV to 6 MeV. To fit 
these data with the absorption cross section calculated from the optical model 
only the depth, WQ, and the diffuseness, aD. of the imaginary potential had to 
be adjusted. The diffuseness amounts to ap = 0.4 HH0.04 fm for all mass numbers 
but the depth shows a strong A-dependence, rising from WQ = 5 HeV at A = 89 to 
Hn = 30 HeV at A = 103 and decreasing again to Wp = 12 MeV at A = 120. 

Because of this unexpected result, we investigated another quantity, the 
analyzing power of the elastic proton scattering, which strongly depends on 
the imaginary potential. This Quantity was measured at an energy around 6 MeV 
for 122sn, 1D9Ag, 107/\g> a n (j 103Rn. i n a n cases, the proton energy was below the first isobaric analog resonance. The analyzing power was measured in the 
angular range from 40 to 160 degree having two maxima and a minima with values 
of about 4-10 - 3. Details of the experiment will be published elsewhere^). 

In this subcoulomb energy region, the analyzing power determines only the 
product Hp-ap and thereby the volume integral of the imaginary potential. 
Therefore, in the figure, we plotted 
this value versus the mass number 
using the parameters determined by 
Johnson et al. (dots) and Flynn et al. 
(triangles). The full curve inter
polates between these (p,n) data. Our 
results (squares) show large discre
pancies for '07Ag and 103Rh. However, 
in these cases we can also reproduce 
the measured (p,n) cross section at 
Eg = 6 MeV, taking ap = 0.4 fm. The 
differences occur at lower energies. 

In the figure we also plotted 
the volume integral calculated with 
the global parameters of Becchetti 
and Greenlees (dashed curve). Our 
values scatter around this prediction, 
only at the magic numbers they lie 
definitively lower. The anomaly around 
A = 105 with values of 200 MeVfm3 

cannot be confirmed from our measurements at E, 6 MeV. 
•This work was supported by the Deutsche Forschungsgemeinschaft 
1. C.H. Johnson et al. Phys. Rev. £20 (1979) 2052 
2. D.S. Flynn et al. Phys. Rev. C20 (1979) 1700 
3. W. Drenckhahn et al. Nuc. Phys. A (1980) in press 

A. Feigel et al. Phys. Rev. C (1980) in press 
J. Bbttcher et al. Proc. V. Int. Symp. on Polariz. Phenom. Santa Fe (1980) 
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STUDY OF (d.TT") REACTIONS ON LIGHT NUCLEI 

N.Wi l l is , P.Kitching + , Y.Le Bornec, B.Tatischeff 

I .P.N., BP n ° l , 91406 Orsay, France 

E.Aslanides, A.M.Bergdolt, O.Bing, P.Fassnacht, F.Hibou 

C.R.N., BP 20 CR, 67037 Strasbourg, Cedex, France 

A.Boudard, G.Bruge, P.Couvert, J.L.Escudie, B.Nefkens++ 

DPHN/ME, C.E.N. Saclay, BP n°2, 91190 Gif-sur-Yvette, France 

Pion production by 300 MeV and 600 MeV deuterons has been studied. The 
experiment was performed at the Saturne I I synchrotron by means of the SPES I 
f a c i l i t y . Inclusive ir-spectra have been measured at 600 MeV on 6 L i , 1 0 B and 
'Be targets at 15° lab. The Lorentz invariant cross-sections deduced at th is 
energy are plotted ( f i g . l ) versus the scaling variable x = k W k « m a x where 
k// is the longitudinal momentum of the pion in the overall center of mass 
system. The error bars are due to s tat is t ics and beam monitoring uncertainty. 
An overall error of ±14* must be added for 'Be and 6 L i data and of ±18% on J 1 IB 
data. The most s t r i k ing feature of the data is the tendency of the data to be 
on top of each other for the three targets. High energy data of Papp et a l . 1 ) 
obtained for lower values of x do not f a l l on the same curve. The scaling be
havior does not seem to persist at energies lower than 1 GeV and for values of 
x near 1. I t must also be kept in mind that the experiment was performed a t a 
f ixed lab. angle and k i s not quite constant. This effect must be important 
near x=l . •*• 

Negative pion production leading to discrete excitation levels of the 
residual nucleus has also been investigated on 6 L i target at 300 and 600 MeV. 
A spectrum obtained on-l ine at 300 MeV is presented on f i g . 2 . A very pre l imi 
nary cross-section of about 0.5 nb/sr can be deduced for the exci tat ion of the 
g.s . of S B. A complete analysis is in progress and w i l l be presented. 

| 1 0 

Ed-600MeV 
A»L, 

• 'Be|tl«)l5"lob 
• »B 

o dntaref(l) 
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"L,(d.»-] !B 
15* Lob 

to, A 
Fig. 1 

* On leave of University of Alberta, Canada 
On leave of LASL, Los Alamos, U.S.A. 

^J.Papp et a l . , Phys. Rev. Lett . 34, 10 (1975) 601. 
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NEW PHENOMENA IN DEUTERON BREAK-UP NEAR THE COULOMB BARRibK* 

J . Bispl inghoff , J . Ernst, J . K le in fe l le r , and T. Mayer-Kuckuk 

I ns t i t u t fu r Strahlen- und Kernphysik der Universitat Bonn 
D 5300 Bonn, West Germany 

Inclusive proton spectra.from the break-up of 15 MeV deuterons on 2 ' A l , 
62Ni, 93Nb, l l 9 s n , 1 8 1 T a and aiTh were studied at lab angles from 23° to 
170°. Compared wi th previous work*) at 25.5 MeV new phenomena appear for the 
heavier targets (A > 93) where the incoming energy is near the Coulomb 
barr ier. As a representative case we show i n the f igure four angular d i s t r i 
butions of the " Z f h ^ p x ) reaction at d i f ferent proton energies. 

At 12 MeV near the break-up threshold the inelastic mode1) strongly 
dominates; i t takes into account non-elastic reactions of the unobserved 
neutron with the target nucleus. At 9 MeV, at about the maximum break-up 
energy the DWBA theory 1 ) predicts an angular separation of the e last ic and 
inelast ic mode in good agreement with the experimental sum cross section. 
Experimentally, t h i s phenomenon is even more pronounced at lower energies. 
However, the theory underestimates the observed cross sections by a factor of 
10 at 6 MeV, and up to 100 at 4 MeV (see f igu re ) . This discrepancy is current
l y investigated in terms of a polarisation of the deuteron in the Coulomb 
f i e l d of the target nucleus. 

Mhis work was supported by the Bundesminister f i i r Forschung und Technologie. 
1. J . Pampus, J . Bisplinghoff, J . Ernst, T. Mayer-Kuckuk, J . Rama Rao, 

G. Baur, F. Rosel, and D. Trautmann, Nucl. Phys. A311 (1978) 141 
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FOUR-NUCLEON TRANSFER REACTIONS ON sd-SHELL NUCLEI 

W. Oelert, W. Chung, A. Djaloeis, C. Mayer-Boricke, and P. Turek 

Ins t i tu t f l i r Kernphysik 
Kernforschungsanl age JUlich 
D-5170 J i i l ich, W. Germany 

The (d, L i ) alpha transfer reaction has been measured on nuclei of the 
sd-shell at Ed=80 MeV. Spectroscopic information was obtained by a f i n i t e 
range DWBA analysis. 

A systematic ground state to ground state t ransi t ion study resulted in a 
good agreement of experimental and theoret ical ly predic ted" alpha spectrosco
pic factors (S a) for nuclei with A<30. For heavier masses, however, Sa factors 
are observed to be s ign i f i cant ly larger than the predicted ones. 

In general the experimental Sa values for excited states ( re la t ive to the 
ground state t ransi t ion of the same nucleus) agree rather well to shel l model 
predictions. In some cases, however, the assumed direct one-step reaction pro
cess seems not to meet the actual physical conditions. For instance: in 22fle 

the experimental angular d ist r ibut ion of the f i r s t 4 + state at 3.36 MeV (see 
Fig.) is not reproduced by DWBA calculations; the extracted "S a factor" is la r 
ger by a factor of ten than the theoretical one which i t s e l f is predicted*) to 
be small. The experimental angular d is t r ibut ion of the second 4 + state at 
5.52 MeV is well f i t t e d by the DWBA calculat ion; the extracted S a factor is 
only about 20 % larger than the predicted*) re la t ive value. Coupled channel 
calculations are in progress and seem to be important for a better description 
of the reaction mechanism. 
1. W. Chung and B.H. Wildenthal, to be published 
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SEARCH FOR THE INTERMEDIATE STRUCTURE OF NUCLEAR 
REACTION INDUCED BY LOW ENERGY DEUTERON 

Han Shu-kui Li Qing-li Guo Qlng-jiang 
Lu Fu-bao Li Zhi-chang Chen Rul-guang 

Dang Zhi-jia Jiang Cheng-lie 

Institute of Atomic Energy 
Academla Sinica, Beijing, China 

There was lack of conspicuous evidences of Intermediate struc
ture in nuclear reactions induced by deuteron. Ve tried to look 
for the intermediate structure in the nuclear reaction induced by 
low energy deuteron on light nuclei. 3ome(d,p) reactions have 
been studied in energy region Ea<2.5 MeV. 

12 2fl 
Some possible intermediate resonances in C(d,p) and 31 

12 
(d»p) reaction have been studied. In C(d,p) reaction an iso
lated resonance at Eflsl.73 MeV with width about 120 kev was ob-
served, particularly in (d,pc) channel. In 31(dfp) reaction a 
new intermediate resonance at Ea-=1.90 MeV with width about 150 
kev and two other resonances at Ba=2.13 MeV and 2.33 MeV were 
also observed. For these mentioned resonances there are unambi-
gious correlations between excitation functions at different 
angles and different channels as well. The angular distribu
tions vary smoothly across the resonances and there are some fine 
structures in these resonances. Spin and parity of the reso-
nance state in C(d,p) reaction at Ed=1.73 MeV has been deter
mined from average angular distribution to be 2- and that oorres-
ponding to Si(d,p) resonance state at E^l.90 MeV is 2 +. 

In contrast, the 9F(d,p) reaction shows the typical direct 
pattern with 1=0 in angular distribution and its excitation func
tions vary smoothly with deuteron energy. 
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THE ROOT MEAN SQUARE RADII OF NEUTRON ORBITS IN 6 l N I AND 89sR 

A.Saganek, E.Wesolowski, J.Krupa, V.Meyer*, St.Mirowski, 
M.Otgski, M.Siemiriski, Z.Wilhelmi 

Institute of Experimental Physics, Warsaw University, Warsaw, 
Poland 
+Physics Institute, Zurich University, Zurich, Switzerland 

The root mean square /RMS/ radii of the orbits of loosely 
bound neutron in certain nuclei can be measured with high accu
racy using /d,p/ reactions in the energy region below and near 
the Coulomb barrier. In the work presented here angular distri
butions of proton groups from two reactions were measured: 
1/ 6°Ni/d,p/ 6 lNi studied at E d=3.3 MeV and 2/ 8 8Sr/d,p/8°Sr 
studied at E a=5.4, 3.8 and 4.0 MeV. The experimental data were 
compared with the DWBA predictions and spectroscopic factors 
were obtained. The optical model potentials for protons and deu-
terons taken from ("1,2,31 were adopted. Corrections for the fi
nite-range and non-localities were included. In the Saxon-Woods 
potentials of the neutron bound states, the values 825=0.65 fm 
and^ =25 were used and the depths U were adjusted to reproduce 
the experimental binding energies. The radius parameters were 
adopted by carx-ying out a sum-rule analysis of available strip
ping and pick-up data [,3|4,5]. From these potentials the RMS 
radii of the single-particle wavefunctions were deduced. They 
are listed in the Table together with the single-particle bin
ding energies Enij which were calculated as the centroid ener
gies of particle and hole states [5]. 

Nuclei nlj r o n/fm/ Emj/MeV/ r n lj/fm/ ^r^j/fra/ 

2P3/2 1.30 -10.21 4.59 0.03 
2pl/2 1.20 - 9.00 4.47 0.02 

6tHi 1*5/2 1.30 - 8.04 4.41 0.03 
169/2 1.21 - 5.08 4.64 0.03 

8*Sr 
2d5/2 1.20 - 6.17 5.11 0.06 

8*Sr 3s 1/2 1.20 - 5.35 5.42 0.06 
2d3/2 1.20 - 4.20 5.28 0.07 

The errorArnii accounts only for the uncertaintes in 
evaluation of the r 0n values and hence is,related to the errors 
of the spectroscopic factors. In case of Ni,iJr n lj does not 
include any contribution from possible inadequacies of the DWBA 
method. 
1. D.M.Patterson,R.Il.Doering,A.GaJLonsky-Report MSUCL-200,Jan.76 
2. C.M.Perey and F.G.Perey - Phys. Rev. 132/1963/755 
3. H.P.Blok,W.R.Zimmerman,J.I.Kraushaar,P.A.Batay-Csorba -

Nucl.Phys. A287/1977/156 
4. R.II.Fulmer, W.W.Daehnick - Phys.Rev. 139/1965/B579 
5. F.Malaguti - Nucl. Phys. A308/I978/125 
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BREAK-OP OF 56-MeV DEHTERONS IN THE FIELDS OF NUCLEI 

N. M a t s u o k a , M. Kondo, A. S h i m i z u , T. S a i t o a n d S. Nagamachi 

Research Center for Nuclear Physics, Osaka Universi ty, Su i ta , Osaka 565, Japan 

H. S a k a g u c h i , A . Goto and F . O h t a n i 

Department of Physics, Kyoto University, Kyoto 606, Japan 

In order t o study the deuteron break-up process , we have measured the 
proton continuum spectra induced by 56-MeV deuterons for 14 elements ranging 
from , 2 C t o 2 0 9 B i . The experiments were car r ied out a t Research Center for 
Nuclear Physics, Osaka Universi ty . Protons were detected using two se t s of 
AE(400um Si)+E(15mm high pu r i t y Ge) counter te lescopes . The energy spectra 
weTe measured in the angular range from 9.5" to 58°. 

Typical proton energy spect ra a t several lab angles a r e shown in the 
figure for 9 0 Z r . Each spectrum shows a prominent bump due t o the break-up of 
the inc ident deuteron. Similar bump spectra are observed for a l l t a rge t nuc le i . 
The peak energy of the bump i s about a half of the deuteron energy for l i gh t 
elements and increases s l i g h t l y for heavier elements. 

The proton bump spectra were compared with break-up c a l c u l a t i o n s * ^ ) ref
lec t ing the proton momentum d i s t r i b u t i o n in the deuteron. A Yukawa-type wave 
function and a failthen-type wave function were used to obtain the proton mome
ntum d i s t r i b u t i o n . In the c a l c u l a t i o n s , the absolute cross sect ions were norma
lized to the peak cross section a t 9 .5° . As shown in the f igure , the break-up 
ca lcu la t ions reproduce well the spec t ra l shapes and the angular dependence of 
the bump spec t ra . Similar Tesu l t s have been obtained for other target n u c l e i . 
These r e s u l t s show tha t the proton bump spectra r e f l e c t the momentum d i s t r i b u 
t ion of the proton in the deuteron. The behavior of the deuteron wave function 
at large d is tances i s important t o determine 
the spec t r a l shapes a t forward ang les . 

The t o t a l break-up cross sec t ions were 
estimated by in tegra t ing the ca lcu la ted valu
es of d2a/dSME over the energy and angle , the 
absolute values of which were f i t t e d to the 
peak cross sect ion a t 9.5° for each t a r g e t . 
The obtained r e s u l t i s given by 

a b U Cd,p) = 23.7 ( A ^ + O . S ) 2 mb. 
The target mass dependence indicate that all 
partial waves smaller than the grazing angu
lar momentum contribute to the deuteron break
up cross section at this energy. The mass dep
endence presents a striking contrast to the 
A 1/ 3 dependence observed in the 3He break-up 
reactions^}. The total break-up cross section 
amounts to 24-35% of the deuteron total reac
tion cross section. The fairly large break-up 
cross section suggests the importance of the 
break-up channel to other deuteron induced 
reactions. 

Calculation 
Yukawa %*i 
Hulthen tat 

> 

t Present address: Institute for Nuclear Study, University of Tokyo, Tanashi, 
Tokyo 188, Japan 

1) R. Serber, Phys. ReV._Z2. (1947) 1008 
2) N. Matsuoka, A. Shimizu, K. Hosono, T. Saito, M. Kondo, H. Sakaguchi, 

Y. Toba, A. Goto, F. Ohtani and N. Nakanishi, Nucl. Phys._A3JJ_ (1978) 173 
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A TEST OF DWBA FOR (p,t) AND (t,p) REACTIONSt 

D.H. Feng*), M.A. Nagarajanb), M.R. Strayer0), M. Vallieresa), 
andW.T. Piukston'3) 

Theoretical calculations of (p,t) and (t,p) cross sections have generally proved 
unsatisfactory. Although the shapes of angular distributions are predicted rather 
well, exact finite range calculations consistently under predict their absolute magni
tudes. Recent studies have shown that these cross sections can be quite sensitive to 
the detailed structure of the triton, the form of the transfer interaction and the 
requisite nuclear structure overlaps. The question of whether contributions from 
higher-order processes, such as sequential transfer of neutrons, are needed to bring 
the theoretical cross sections into agreement with experiment cannot be answered 
unambiguously until first-order DWBA calculations are performed which include the 
important features mentioned above. In our present work1) we have analyzed the 
ground state reactions shown in the figure employing a realistic triton wavefunction, 
a realistic transfer potential and extended basis shell model overlap function. We 
emphasize that the theoretical computations are predictions having no normalization 
factor or adjustable parameters. Our results show a systematic agreement between 
the theoretical cross sections and 
the experimental data, both in 
shape and magnitude. Thus the 
present first-order DWBA calcula
tions give a good account of the 
data and provide no support for the 
need of higher order mechanisms 
in these reactions. 

t This work supported in part by the U. S. Department of Energy under contract 
DE-ACO2-76ERO3074 and by the NSF under contracts Fhy 790842 and Phy 78-11577 

a) Dent, of Physics, Drexel University, Philadelphia, Pa. 19104 
b) SRC Darebury Laboratory, WA4 4AD, United Kingdom 
c) Wright Nuclear Structure Laboratory and Dept. of Physics, Yale University, 

New Haven, Ct. 06511 
d) Dept. of Physics, Vanderbilt University, Nashville, Tennessee 37235 
1) D.H. Feng, M.A. Nagarajan, M.R. Strayer, M. Vallieres, andW.T. Pinkston, 

Phys. Rev. Lett., to be published 
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78 SO R"? R4 
NUCLEAR STRUCTURE OF THE ' ' ' Se ISOTOPES USING 

THE ( t , p ) REACTION AT 17 HeV INCIDENT ENERGY 

H. D. Cohler and D. L. Watson 

School o f P h y s i c s , U n i v e r s i t y o f Bradford 
Bradford, West Yorks, England 

and 

H. T. Fortune and R. Middle ton and S. Hordechai 

Physics Dept, University of Pennsylvania 
Philadelphia, U.S.A. 

It is well known that the (t,p) reaction is an excellent spectroscopic 
tool with which to study states in the residual nucleus, since the two 
neutrons are transferred as a spin zero pair. Thus if the target nucleus 
has a 0 + ground state, there is a unique j " transfer if the reaction pro
ceeds via a direct single step process. These conditions are realized for 
the even mass 76,78,80.82 S e j ^ ^ n u c i e i . 

The absolute differential cross-sections for the (t,p) reaction lead
ing to states in the even selenium isotopes from mass 78 to 84, was measured 
using the multigap magnetic spectrograph on the tandem accelerator at the 
University of Pennsylvania. The outgoing protons were recorded using 
nuclear emulsion plates and the data extracted by manual scanning of the 
plates on a microscope. This yielded 
differential cross-sections from 4° 
to 89° c m . for many excited states 
In each of the residual nuclei. 

The data were analysed by com
parison with predictions using the 
DHBA code DWUCK4 and yielded 
information on the spin and parity 
of a number of previously unassigned 
levels. Examples are shown in the 
figure where the previous assignment 
of (0+) to a level is confirmed and 

unassigned level is 
Spin assignments to 

the levels of Se have been made 
where previously there was no 
information available. 

a previously I 
assigned (2*) 
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A Hew Spectroscopic Tool (a, He) Reaction 

M. Tanaka and S. Kubono 

Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo, 188 Japan 
Although the (p,t) and (t,p) reactions provide a sensitive test of shell 

model configurations of the transferred two nucleons in the nuclei, these re
jections are limited to the relative angular momentum between the two nucleons 
1 = 0._ The ( 1 80, 1 60) and ( 1 60,18 0) reactions also have been shown 2)to have 
minor 1 f 0 contributions since the cross sections of (2s.y„) are enhanced and 
dominates the transitions. However, (a,"He) reaction has a unique feature 
that it may have 1 =f 0 as a dominant component depending upon the configura
tions, and thus this reaction may be powerful tool to study two nucleon corre
lations in the nuclei. 

Using a multipole expansion for 1 as developed by Chant3)and Takemasa2), 
the angular momentum selection rules for the (ct,DHe) reaction have 1 + S = even 
due to the antisymmetrization of the two neutrons , where S is the total spin 
of the transferred pair. Since the two neutrons in DHe predominantely occupy 
the IP3/2 shell, 1 = odd (for S= 1) is allowed as well as T = even (for S = 0). 
As an example we take the 92z r(a, 6He) 9 0Zr(2 +) reaction, and assume single con
figurations ( 2 d 5 ^ 2 ) . (205/2189/2) a n d dsg^' f o r th e transition. 

Table 1 shows the results of the Moshinsky transformation of the pairs. 
The amplitudes of 1 = 1 components are quite different in each configuration. 
DWBA calculations have been performed using the exact finite-range DWBA code 
TWONUC/TWOFNR*).which calculates single particle wave functions in a Woods-
Saxon potential for the two nucleons in both ^Vc and °He systems, and expands 
the wave functions with multipolarity "l. This method allows ̂ L >. 2 for °He in 
addition to 1 = 0 and 1. The result of the DWBA calculations for the single 
configurations are shown in Fig. 1. Two important facts can be seen in the 
figure: As is expected from the Table the cross sections of the 1 = 1 and 2 
components strongly depend on the configurations and are comparable to those 
of X = 0. The other fact is that the shape of the 
calculated angular distributions are quite differ
ent depending on the configurations. Note this 
shape difference is due to the mixing of the T ^ 0 
components which come in only when finite range 
effects are exactly taken into account. 

Therefore, the (a.^He) reaction may allow one 
to study not only the 
configuration mixing r 

but also the two nucleon 
correlation in the 
nuclei.' The (a, 6He) 
experiment is in 
progress. 

1)S.Kubono et al.,Phys. 
Lett.49B(1974) 37. 

2)T.Takemasa, Nucl.Phys. 
A220 (1974) 31. 

3)N.S.Chant, Nucl.Phys. 
A211 (1973) 269. 

4)M.Igarashi, Private 
communication. 

Table 1 

1 ( d 5 / 2 ) ( d 5 / 2 g 9 / 2 ) ( E 9 / 2 ) 

0 
1 
2 

0.08 0.16 0.10 
0.24 0.02 0.36 
0.21 0:32 0.41 

10* 20" 30" 40* 0* 10* 20* 3tf 40' 0* 
9cm. 

Fig. 1 

10' 20' 30* 40* 50* 
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SEPARABLE POTENTIAL FOE Y - tfSCATTERING IJS THE ENiiRGa- RANGE 
0 - 1 2 0 MeV. 

N.R. Sharma and B.K. Jain 
Unclear Physios Division 

Bhabha Atomic Research Centre, Bombay 400 085, India. 
The oC-rf scattering data in the energy range 0-120 MeV 

for partial waves 2,4 and 6 have been fitted to the second 
rank separable potential. For the form factors we have used 
the choice of Mongan1>. With the parameters listed in table 
good fits to the phase shifts in the whole energy range is 
obtained. 
1. T.R. Mongan, Phys. Rev. V7£ (1968) 1260. 
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FIRST MEASUREMENTS ON THE 3 H e ( 3 H e , n + ) 6 L i 
REACTION NEAR THRESHOLD 

N. Wil l is , L. Bimbot, V. Comparat, N. Koori , Y. LeBornec , F . Reide 
and A. Willis 

Institut de Physique Nucle'aire, B . P . n ° l , 91406, Orsay, France 

Pion production near threshold induced by composite projecti les requires 
a high energy from the internal move of nucleon and/or coherent effect. Up 
to now there was little obviousness for exclusive reaction of this kind. The 
ability to use at Orsay a 283 MeV 3 He beam on a liquid 3 He target (70mg/crrn 
has allowed a trial to identify positive pions. A special set up has been built 
for pions detection with a low Bf spectrometer and two quadrupole l e n s e s to 
increase the solid angle to 6. 2 m s r . The pions identification is real ised by 
a coincidence between four scinti l lators or. which the (dE/dx) measurements 
are a l s o done. Moreover two time of flight measurements are used to reduce 
the background. The local isat ion behind the spectrometer i s done by two w i r e -
chambers and a on-line calculation giving the intersect ion of the pions t r a 
j ec tor i e s with the focal plane. 

The results obtained at 
2 0 ° ^ ^ are presented on the 
f igure. A "Li charac ter i s 
t ic pion spectrum has been 
obtained in the focal plane. 
The ratio peak/background 
i s good. The main contribu
tion to the total resolution 
i s the difference between 
the energy l o s s e s in the tar
get by 3 He or ir+ . The 
f irst level s e e m s to be pure 
as no peak appears at 2. 18 
MeV. Other identical m e a 
surements have been taken 
a t 4 0 ° l a b a n d 6 0 ° l a b a n d 

wil l provide the shape of the 
angular distribution. 

3 H e ( 3 H e , j r + ) 6 L i I 
e L A B = 20° 
T 3 H e = 283MeV 

300 EXCITATION ENERGY IN MEV 

200 J 

10 5 

1 
0 

100 

I r^-ni J | U MeV 

20 30 (0 
CHANNEL NUMBER 

These results come from an extremely recent experiment and it i s not 
yet poss ib le to give the accurate cross - sec t ion values(it roughly s e e m s to 
be of the order of several tens nb/sr) . P r e c i s e analysis of the measured 
data have to be completed. These reactions studies will be carried on by 
experiments on heavier targets . 

* Permanent address : Kyushu University, Japan 
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COMBINED BREAKUP AND TRANSFER IN He INDUCED REACTIONS 

E.H.L. Aarts, N. Blasi, R.J. de Meijer and S.Y. van der Werf 

Kernfysisch Versneller Instituut 
University of Groningen 

The Netherlands 

Elastic projectile breakup has been found to be the dominant process 
contributing to the continuum spectra of protons and deuterons in 3He 
induced reactions'). Ne have observed similar continuum structures in the 
inclusive triton spectra from reactions at E3ge=52 MeV for the targets 
1 2C, 2 6Mg, 2 7 A 1 , 2 8Si, 5 BNi, 1 0 8Pd, 1 9 7 A u and 20BPb. Their shapes are 
suggestive for a process in which elastic breakup of the 3He is followed 
by neutron pickup by the deuteron. 

In order to further investigate the mechanisms of these reactions, a 
coincidence experiment has been performed with two AE-E solid state counter 
telescopes at E3jje=52 MeV on a n a t S i target. One telescope was kept fixed 
at 6i=+IO°, with the other the angular ranges 62=+10°to -70° and 82=+30° to 
+70° were covered. Double differential energy integrated cross sections and 
projected energy spectra were obtained for coincident p-d,p-t and d-d events. 
With the deuterons detected at 6i=I0°, the angular distribution of the 
coincident protons has an oscillatory pattern and the centroid of the pro
jected proton energy spectrum oscillates between 14 and 20 MeV. With the 
protons detected at 8i=+10° the coincident deuterons show a Rutherford type 
correlation. Apparently several mechanisms contribute to the (3He,p+d) 
breakup reaction, one of them involving the proton as a spectator. 

The (3He,p+t) data show that the average proton energy is only a few 
MeV below that corresponding to a pure spectator. The deuteron spectrum 
from the (3He,d+d) reaction shows a slow and a fast component. Both reactions 
seem consistent with the picture of 3He breakup followed by neutron pickup 
either by the deuteron (p+t) or the proton (d+d). 

Furthermore a gamma-ray multiplicity of <M> = 1.1+0.3 was found for 
the inclusive triton spectrum induced by 60 MeV 3He on a 5 8Ni target. 

1. N. Matsuoka et al., Nucl. Phys. A311 (1978) 173. 
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The Zr(a, He)* uZr Reacton at 64.6 MeV 

M. Tanaka, S. Kubono, Y. Ishizaki, S. Hayakawa, S. Kato, T. Nakagawa* 
and R. Asano#and K. Toyoshima** 

100 
Institute for Nuclear Study, University of Tokyo, Tanashi 

* Waseda University, Tokyo, 162 Japan 
**Yamagata University, Yamagata, 990 Japan 
f Tohoku University, Sendai, 980 Japan 
#//Kurume University, Kururae, Fukuoka, 830 Japan 

The (a, He) reactions may possibly provide a 
test"of not only the shell model configurations 
but also the two nucleon correlations in nuclei. 
We chose target since the structure of 9 2 Z r 

Tokyo, 188 Japan 

, 9 2Zr<*?He) 9 0Zr -

and uZr are rather well understood and the data 
of the 9 2 z r ( P l t : ) reaction*) are available for 
comparison. "Z 

We have measured the angular distributions of 2 K 
the 9 2Zr(o., 6He) reaction at 64.6 MeV. An alpha 
beam was obtained from the INS SF cyclotron. The 
differential cross sections were taken from 8 c - m 

= 4.5° to 40° The ^He ejectiles were detected 
with a position sensitive detector placed on the 
focal plane of QDD magnetic spectrograph. This 
detector consists of a drift type position sensi
tive proportional counter and two aE proportional 
counters which provide a unique mass identifica
tion. 

Typical angular distributions are shown in 
Fig. 1. The shapes of the angular distributions 
for the 0 + states are very similar to those for 2 
states but the others are quite different. Fig. 2 
shows the relative cross sections of the two reac
tions 9 Zr(o, 6He) and ' Zr(p,t). These were taken 
on the first peak in the angular distributions. 
The differential cross sections for the ground 
state transitions are normalized to unity 
in both reactions. In the transitions to 
the even parity states around 4 MeV the 
cross section ratio of the (a, He) reaction 
to the (p,t) reaction increases as the value 
of the spin increases. The negative parity 
states are more strongly excited in the 
(a,faHe) reaction than in the (p,t) reaction. 
Only the 3~ states are excited with appre
ciable cross sections in both reactions. 
Some of the (p,t) reaction are not shown in 
the figure since the correspondind cross 
sections are not available in ref. 1. 

Analyses by exact finite-range DWBA 
calculations with microscopic form factors 
are in progress. 

1 -

- 1 

* 

tf(OO) _ 

t v< 
• •, 

* " 

V4-
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• • ' 
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' 20" 30° 

Fig. 1 

40° 50" 

4 " l 

} 

(P.«) 
-(m.'He) 

1) The contribution "The New Spectroscopic 0 - " 
Tool (a, 6He) reaction" to this conference. 0 

2) J.B.Bali et al., Phys.Rev. 04(1971)196. 
0.1 I 

0.2 
Fig. 2 
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IMPORTANCE OF THE TARGET EXCITATION DURING THE He BREAK UP BY NUCLEUS 

T. Motobayasrd., A. Shimizu, H. E j i r i , K. Okada, H. Sakai, 
T. Shibata, M. Sasao, H. Suzuki, and K. Maeda 

Dep. of Phys. and RCSP Osaka Univ. Osaka,Japan 

P r o j e c t i l e break up process in the 3n e+loO£ r r e ac t i on was studied a t 
Ein=10O MeV. The evidence of the 3He break up process with ta rge t exc i t a t ion 
was obtained using the par t ic le -Y coincidence technique. Emitted p a r t i c l e s 
(proton and deutron) were measured in coincidence with y r a s t Y-rays of the Er 
i sotopes . The coincidence with t he y-rsys of Er made i t poss ible to iden t i fy 
the r e s i d u a l nucleus, namely the neutron mul t i p l i c i t y of the react ions 
l o o E r ( 3 H e j d p x n ) l 6 6 - x E r j ^ l6°Er ( 3 He,ppxn) l 6 T- x Er . 

By measuring the neutron m u l t i p l i c i t y , we could d i s t i ngu i sh the follow
ing two reac t ion processes, ( i ) Direct break up process of 3He into p+d with 
ta rge t e x c i t a t i o n . This process t r ans fe r s fa i r ly small amount of energy to 
the t a r g e t nucleus. Therefore t h i s process i s character ized by the small 
(x=0) neutron mu l t i p l i c i t y , ( i i ) The ( 3He,p) and ( 3 He,d) s t r ipp ing react ions 
followed by sequent ia l decays of one proton and probably several (x=2-5) 
neutrons. The energy t ransfer t o the t a r g e t nuclei can be la rge enough to 
emit many neutrons in t h i s p rocess . 

In F ig . 1 , cross sect ions for protons and deutrons detected at 17° are 
p lo t ted aga ins t the neutron m u l t i p l i c i t y x . For almost a l l of the energy 
bins of t he protons and the deu t rons , the pat tern of the cross sect ions shows 
a broad bump at x=2-k and the sharp r i s e a t x=0 for deutron and x=l for 
proton. The sharp r i s e corresponds to the ( 3He,dp) type reac t ion with no 
neutron decay. These two p a r t s , t he broad bump and the r i s e a t x=0 or 1, can 
be a t t r i b u t e d t o the two d i f fe ren t reac t ion mechanisms discussed above. The 
r i s e a t x=0 or 1 i s due t o the (3He,dp) break up process with t a rge t exc i 
t a t i o n , and the broad bump at x=2-U to the sequent ia l decay af ter s t r ipping^ 

In F ig . 2 , the coincidence cross sect ions for t h e two typ ica l reac t ion 
processes of l 6 6 E r ( 3 H e , d p ) l 6 6 E r and l 6 6 E r ( 3 H e , a p 2 n ) l 6 ! t E r a re shown for the 
individual Y-<iecay. The r a t i o a{k-2)/a{6-k) i s l a rger i n the ( 3He,dp) 
reac t ion than in the ( 3He,dp2n) r e a c t i o n . This suggests t h a t the angular 
momentum of t h e t a rge t nucleus, i f exc i ted , following the d i r e c t break up 
process ( 3 He,dp) i s much smaller than tha t of the ( 3He,dp2n) reac t ion . This 
may be because t he break up proton and deutron take away most of the 

WtVc.-ti-nil1' 

,H' u 

V\J 

r 
I" \H: \J 

10 m 
B : n. 

Fig.l 

angular momentum intro
duced by the projectile, 
transf e r ri ng rather small 
angular momentum to the 
target nucleus. 

*^4 

•f\. 
Fig.2 

1. We studied alBo the 5Ho( 3He,pxn) and 5Ho(3He,dxn) reactions with the 
same technique, and observed only the broad bump in the neutron 
multiplicity distribution. 
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MICROSCOPIC CALCULATIONS OF AN 
ABSORPTIVE NUCLEUS-NUCLEUS INTERACTION 

H. R. Fiebig and W. Timm 
University of Minister, D-4400 Miinster, W.Germany 

The effective nucleus-nucleus interaction given by Feshbach's 
formula^> 

V e f f(E) = PVP + PVQ-(E + iO - QHQ)~1-QVP (1) 
has been calculated microscopically for the a-a system starting 
from a schematic two-nucleon force. Assuming 1p-1h excitations in 
one of the fragments to be the dominant absorption mechanism from 
the entrance channel P, we took as the Q-space all channels with 
one 1p-1h excited a-particle of symmetry S=T=0. The antisymme-
trized channel states were constructed via momentum projection 
techniques2) and then orthogonalized to ensure PQ=0. 

Using the non-local and energy dependent interaction (1), 
scattering phase shifts and transmission coefficients (with no ad
justable parameters) were computed for angular momenta L=0,2,4,6. 
Fig.1 t-uows the transmission coefficient for L=2. The distinct 
structures are due to the fact that a dominant part in the 
4 * 
He 1p-1h-excitations is the so-called a -resonance (at 20.1 MeV 
excitation energy) and that the relative a-a* interaction also 
gives rise to resonances. 

The diagonal matrix elements of the absorptive and disper-pp pp sive part of V _. (called I and R respectively) are shown in 
fig.2 for E = 22.5 MeV (above a-a threshold, cm. system) andL=2. 
The "nonlocality" at 4fm relative distance is about 1fm. Although 
the strength of these effective potentials is clearly energy de
pendent, the shape varies only smoothly with energy and is nearly 
independent of angular momentum. It can be concluded that - at 
least for the reactions considered - absorption only occurs at 
relatively large distances between the fragments. 

03 - \ i PVP 

0.8-
1 L M 0.7- I § |\ / / np.n"-n" 

0 6 - > 1 1V / 
05- 1 i 

1 "t ' 0 4 - B-l'il" 
0 3- '< W\ \ 
0.2- . i **p 

L.2 i 0.1 • 

0B- ' I I I 1 i < 1 1 1 1 1 1 1 1 1 1 1 1 1 

IMeV/fml 

20 30 
E„IM*VI 

Fig.1 Fig . 2 

1) H. Feshbach; A n n . P h y s . J l (1962) 287 
2) H.R. F i e b i g , M . S t i n g l and W. Timm; J . P h y s . G4 (1978) 1291 
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THE INFLUENCE OF THE PHASE SPACE FACTOB IS THE 
BREAK UP OF COMPOSITE PARTICLES 

G. Paic and B. Antolkovic 
"Rudjer Boskovic" Institute, POB 1016, Zagreb, 

Yugoslavia 
Recently several experiments have been performed studying 

the break up of composite particles^-). 
The theoretical analysis has met with partial success. We 

propose in the present paper that the theoretical treatment of 
the data should take into account the number of particles in 
the final state since it determines the shape of the phase 
space factor, which has to be introduced. P>In our opinion the formula derived from the Serber formalism ' should have the 
form 

J^, 
dSldE :|^(P) A i H i 

where T (p) is the Fourier transform of the spatial wave func
tion of the observed particle 
in the original composite pro
jectile, i is the number of 
particles in the final state, 
Ai is the probability for each 
of these final states and R^ is 
the corresponding phase space 
factor. 

We present calculations of 
each particular term forQthe reactions 90zr (<* ,xd), 9 0Zr 
((X'.xd) and 9°ZT(O< ,xt) at E= 
=160 MeV. The heavy lines show 
the results of the calculation 
along the lines of ref. 1 de
noted by S. The thin, dashed, 
and dotted lines show the re
sult of the calculation when a 
three, four and five body phase 
space (Ri) is supposed, respec
tively. The influence of the 
phase space factor is clearly 
demonstrated, as well as the 
additional information on final 
states that may be gained. 
Accounting for the different 
allowed phase spaces also al
ters the proportions of obser
ved break up cross sections. 

1. J.R. Wu et al., Phys.Rev. C20 (1979) 128* and references 
therein 

2. R. Serber, Phys.Hev. 22,(194-7) 1008 

6b ab i6o 
£p/MeV 
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QUASI-FREE SCATTERING IN 6,7Li(a,2ct)2"3H, 9Be(* ,**)5He 
REACTION AT LOW ENERGY 

Zheng Pei-hua Wen Ke-ling Sun Tsu-xun 
Vane Fan-lln Wang Shu-mao 11 Shu-min 

Institute of Atomic Energy 
Academia Sinica, Beijing, China 

The quasi-free scattering for Li, Li, *Be(«,2ct) reactions 
hat been studied hy both angular correlation method and energy 
sharing method. The energy of incident <* particles was 18 MeV. 
Emitteu cc, and <*x were detected in coincidence and the differen
tial cross section of quasi-free scattering vere obtained. By 
means of the FWIA and "on shell" approximation the experimental 
results were analyzed. The width!of the cluster relative momen
tum distribution for Li, Li, 9Be have been found to be 48 MeV/c, 
80 MeV/e and 38 MeV/c, respectively. 

The shapes of the momentum distribution extracted from the 
experiments consist with the momentum distribution obtained from 
the Fourier transformation of the wave funetion of relative mo-

6 7 tion of the clusters. The results of Li, 'Li are shown in Figs. 
1-2. The curves represent PWIA calculation with cat-off radius. 

6 7 9 The existence of quasi-free scattering by Li, Li and Be 
nuclei at such low energy gives evidence of the oc duster subs
tructure In these nuclei and as a first order approximation, FWIA 
calculation is consistent with experimental results. 

» -to p « « to « n 

«,** Fij.2 \,u.*afH 
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THE STUDY OF PRE-EQTJILIBRIUM EMISSION IN 
27 A n 59, 63, 64, Al ."Co , °pCn , *Zn(oC,p) reactions 
Zhao Kul Cheng Ye-hao Zhu Guang-hua 

Lu Xiu-qin Tang Zhu-qlng Jiang Cheng-lie 
Institute of Atomlo Energy 

Academla Slnioa, Beijing, China 
The 2 7A1, 5 9Co, 6 5Cu and 6 4Zn targets were bombarded by 18MeV 

oc -particles. The pre-equlllbrium emission was studied by anal
ysing the integrated proton spectra. Selfsupported metallic foi
ls are used as*targets and thier thiokness varies in the range 
1-2aig/cm2. The isotopio purity of °3<ju and 6 4Zn is > 99j6 and 94^ 
respectively. The emitted charged particles were detected by 
AE-E counter telescope. TheAE andAE+E signals fed into a mul
tichannel analyzer-computer system and by means of an on-line 
AE-E particle identification code the two dimensional patterns 
were transformed into energy spectra of different particles. The 
energy spectra of emitted protons have been obtained between 30 
and 165° in step of 10° in the laboratory system. The Integrated 
proton spectra were obtained by transformation of the coordinate 
system and integration over the angles. 

The integrated spectra were analyzed by the formula based on 
the theory of Griffin's ezciton model and similar to Gadioli's 
closed form. The preform of OL particles and the competition of 
OL particle emission have been taken into account. The fractions 
of pre-equllibrium emission in (ex. ,p ) reactions have been extra
cted and the initial exolton configuration was discussed. 
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THE IMEKBPHBTATIOW OF HIGH ENERGY ot - o< SCATTERING 
BXPEBIMEHT WITH A POOH ENERGY BESQLTOION 

H. Dymarz and A. Ilalecki 
Inatytut Fizyki Jqdrowe;), Krak6w 31-542, Poland 

Differential cross-aections of 17.9 GeV/c e< - particles scattered frflm various nuclei have recently been measured at JUJH Dubna" • She energy resolution was sufficient to separate production processes hut not good enough to distinguish between the elastic events and those where the target nucleus was excited* This almost elastic scattering may be interpreted «s a sum of the elastic scattering produced coherently by the whole target nucleus and of the incoherent scattering of the « - particles on the individual nucleonsi 
scatt elast oCN 

*eff /V 
where A a f f is the effective number of nucleons in the target which undergo quasi-elastic collision with the projectile. 

In figure we present an example of such an interpretation 
in the case of ot- **He scattering. The solid curve corresponds 
to Eq.1 computed with the elastic cross-seotions as shown by 
dashed curves and A -^=1 , q being the momentum transfer. The 
cross-sections for the el- nucleus and cC- nucleon elastic scat
tering have been calculated using the Glauber model? with Coul
omb Interaction included. A good agreement with experiment in

dicates that inelastic com
ponent of the ot- ̂ He scat
tering may effectively be 
viewed as a collision of the 
ot - particle with one bound 
nuoleon. 
1/ T.G. Ableev et al., Subna 

report Pl-10565 /1977/. 
2/ G. Bellettini et al.. 

Haol.Phys.72/1966/ 609. 
3/ W. Ceyz findii.O. llaximon, 

Ann.Phys.;|2 /1969/ 59. 
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FLUCTUATIONS IN EXCITATION FUNCTIONS OF °He,p REACTIONS CONNECTED 
' WITH STATISTICAL MULTISTEP COMPOUND EMISSION 

L. Colli Milazzo, R. Bonetti 

Istituto Scienze Fisiche del I'Universita Milano - Italy 

M. Sandoli, G. Inglima, A. Derosa, E. Peri M o 

Istituto Scienze Fisiche deI I'Universita Napoli - Italy 
N. Saunier 

CEN - DPhN/BE- Saclay - France 

3 25 27 
Excitation function of the reaction He,p on Mg and Al 

shows the existence of fluctuations having an energy correlation 
width f<w 300 kev, larger than that expected in connection with 
compound nucleus formation. 

These fluctuations can be explained on the basis of the re= 
cent Iy proposed theory of the statistical multistep compound e= 
mi ss i on (SMCE). 

In the frame of this theory, proposed by Feshbach, Kerman 
and Koonin ', transitions to different final levels can come from 
different steps of the chain developing itself in the nucleus, so 
that different values of the nuclear lifetime and, of course, of 
the fluctuation width can appear. 

The condition for existence of fluctuation effect, that is 
width X much larger than the distance of corresponding excited 
levels is here certainly verified. 

Other char -teristies of the reaction here studied, that is 
emitted particle angular distribution and total spectrum shape 
are also in agreement with the prediction of the SMCE. 

Comparison of the fluctuation width obtained experimentally 
with the SMCE formulae allows to calculate the value of the two-
body residual interaction, acting in the development of the 
chain in the nucleus. 

H. Feshbach, A. Kerman, S. Koonin 
In publication on Annals of Physics 
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TWO-PROTON PICKUP FROM INTERMEDIATE-WEIGHT NUCLEI USING 
THE (6L1,8B) REACTION* 

W. S. Gray7 and R. S. Tickle1" 
Physics Department 

University of Michigan 
Ann Arbor, Michigan 48109 

and 
R. D. Bent 

Indiana University Cyclotron Facility 
Bloomington, Indiana 1)7405 

The (6Li,BB) reaction is the lightest of the possible two-
proton pickup reactions induced by heavy ions, with consequent 
advantages in the resolution which can be achieved in studies of 
nuclear structure. Although some of the more Interesting possi
bilities for studies of this type involve the heavier nuclei, 
previous observations of the (SL1,8B) reaction have been confined 
to light targets1)-

In order to investigate the usefulness of the (6LI,8B) re
action as a probe of heavier nuclei, spectra at a forward angle, 
and In a few cases angular distributions, were measured for 
5 6Fe, 6 6Zn, 9 0Zr, " ' " M o , 1 2 0Sn, and l 2 i > 1 2 S ' 1 3 0Te targets, using 
a 90 MeV 6Li beam from the Indiana University Cyclotron Facility. 
The 8B ejeetlles were detected in a position-sensitive gridded 
ionization chamber placed at the focal plane of a magnetic 
spectrograph. 

The features we observe are: (1) The pattern of transition 
strengths is similar to that of the (p,t) reaction, with the 
ground state transition usually by far the dominant one in the 
spectrum. At Ŝ ab = 8 ° , the ground state cross sections range 
from 0.3 to 27 pb/sr for 1 2 0Sn and 6 6Zn, respectively. (2) 
Angular distributions measured for transitions leading to the 
ground state of G1*Ni and the ground and 1% state of 8&Sr are 
featureless and fall off rapidly with increasing angle. This 
behavior is qualitatively reproduced by exact finite-range (EFR) 
DWBA calculations made using the code DWUCK5- (3) In contrast to 
the general trend, the 2\ state in e 8Sr and the first excited 0 + 

state in 9 6Zr are populated almost as strongly as the ground 
states in these two nuclei. 

The strong excitation of the Ot state in 9 eZr can be under
stood In terms of the systematics or the proton configurations In 
the Zr isotopes. The strength of this transition relative to the 
much weaker 0* transition in 9 2Zr, and the relative cross sections 
for populating the 9 z , 9 6k,r ground states, are well reproduced by 
EFR DWBA calculations in which the proton configurations are 
taken explicitly into account. 
*Work supported in part by the National Science Foundation. 
•fWork supported in part by grants from the Rackham Graduate School 
and the Memorial-Phoenix Project of the University of Michigan. 
1. N. A. Jelly et al., Phys. Rev. C9 (197M 2067; R. B. 
Weisenmiller et al., Nucl. Phys. A2or0~ (1977) 217. 
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B- a CLUSTERING PROBABILITY IN bIl AND ITS EPEECT OS INTERACTION POTENTIAL 

Klran Kumar 

Radiochemlstry Division, and 

Aran K. Jain 

Nuclear Fhyslce Division, Biabha Atomic Besesrch Centre, Bombay-400035, India. 

The folding model potentials for &L1 hare been found to hare an anomalous 
behaviour1 »2 '. They are found to be consistently larger than the phencmenolo-
glcal potentials. An unexplained normalisation factor,N—0.7 i s needed for the 
folding model potential to f i t the elastic scattering data. In the present 
work we describe the interaction potential of 156 HeV 6 Li with 4 0Ca in terms 
of a - 4 0 Ca and d-4 0Ca optical potentials and an antlsynmetrized 6Li duster 
model wave function. The Li interaction potential Is therefore written as: 

V R > = >a0at.dCr)^(^)}t[V.(|^i?|)+Vd(|R^^[tt^t-iT) 

where 0 O , fld ore the internal spatial 
wave functions of a -and d- clusters, 
tf'o.-d is the relative a-d wave funct
ion, 3 (spin) i s the 6-nucleons spin 
function. V 0 and VJ are tile real parts 
of oi-*°Ca and d-4 0Ca optical potentia
l s respectively^ phenomenologloal pot
entials at appropriate energy). The 
oultidlmentional integral in the equa
tion above i s evaluated by expanding 
the V 0 | Vd and '/'ot-d jM1 terms of ser
ies of Gausslana. The Li interaction 
potential i s found to be sensitive to 
the surface at a -d relative wave fun
ction. However, the surface behaviour 
of *Li wave function i s described by 
d-a. clusters only and with a probability 
of only 0.6 to 0.7 ( determined from . 
cluster knock-out reactions of 6Li(ot ,2a.) and 6Ll(d,dot ) type 5 ) . This provid
es us an answer to the anomalous normalisation factor of the interaction pote
ntial. . Thus the interaction potential derived from equation above is to be 
reduced by the d-ctclustering probability (~0.6 to 0.7) which i s also the 
required normalisation factor far the Li interaction potential. 

The net contribution to the interaction potential from the exchange terms 
is small because of their localisation in the interior of 6 L i . It i s seen in 
the Inset to figure that with the normalisation of 0.7 the derived cluster 
model potential agrees very well with the phenanenological potential In the 
surface region. The figure shows that this reduced cluster model potential 
gives good agreement with the 156 HeV Li-40ca elastic scattering data. 

1. Z. Kajka, H. J. Gila and H. Rebel, Z. Paysik A288(1978) 139 
2 . 8. H. Satchler and W. 0. Love, Phys. Lett. 7 0 0 9 7 8 ) 23 
3 . A. K. Jain et a l . Nucl. Biys. A216(1973) 519 

925 



EMISSION PROBABILITY OF ALPHA PARTICLES, TRITONS AND PROTONS IN 
THERMAL AHD KEV iJEUTRON INDUCED FISSIOJsT OF 23 5u 

S.G.L. Sharma and G.K. Mehta 
Indian Institute of Technology, Kanpur 

and 
R.K. Choudbuxy, D.H.fladkaxni and S.S.Kapoor 

Bhabha Atomic Research Centre 
Trombay, Bombay 400 085. 

It is known that light charged particles (LCP) are emitted 
in fission with a very low probability and that the alpha parti
cles constitute the bulk (~90jS) of these particles followed by 
tritons and protons. In earlier studies'* »2) the total LCP yiel-
d in keV neutron induced fission of 235TJ showed some unexpected 
variation with the incident neutron energy, E n- In the present 
work, the LCP emitted in coincident with fission fragments were 
identified by means of a AE-E semiconductor detector telescope 
and their yields and energy spectra were measured at incident 
neutron energies of % = 120, 210, 230 and 550 keV. The energy 
spectra of the different LCPs do K ( L , 
not show any significant varia - I T "'' 
tion with En. However, the depen-;," [ T 
dence of the emission probability *s 
on En is different for alpha 

YmiaiifidaB^nsapaS^^ii^^seB^ase^ 

wrijh mmmmz 

particles, tritons and protons ° i B 

as shown in the figure. It is 
seen that Yaigha increases by 
about 20# at En~200 keV and 
then decreases to the thermal 
neutron value at higher neutron 
energies. Y-fcriton aa& Yproton 
are seen to increase significant
ly with En- Ytrxton increases 
by about 2.5 to 3 times at En = 
550 keV as compared to that of 
the thermal neutron value, where
as the increase in Yproton i s 

still higher. Such striking in
creases in the emission probabi
lities of tritons and protons 
with the incident neutron energy 
is not explained by the existing 
models'' of ternary fission. 
The present results therefore po
int out to the need for a theory 
to calculate the emission probabilities of different LCPs emitt
ed in fission. 

i_ 
i " L 

+ 

"'1 i 
-1 

r^mMmmmm^ 
MO 300 tOO 500 
NEUTRON ENERGY (klVl 

600 700 

1 . B. Krishnarajulu,&.E.Mehta,R.K.Choudhury,D.H. Nadkarni and 
S.a.Kapoor, .tramana 8 (1977) 315 

2. H.J. Fluss , Ai.D.Dudey and il.L.Malewski,Phys.Rev.C6( 1972)2252. 
3- I.Halpern, Ann. Rev. itfucl. 3 c i . 2J. (1971) 245. 
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FISSION FRAGMENT ANGULAR EI3THIBDTI0H FOB THB 
238&(n,f) REACTION NEAR THRBSHOLD 

Ye Zhong-yaao Li J lug-wen Zhou Shu-hua 
3n Zhong-di Qiu Cheng 

Institute of Atomic Energy 
Aoademia Slnica, Beijing* China 

The angular distributions for the fission fragments of 
(n,f) reaction were studied by means of nueteBT emulsion loaded 
with uranium and solid state track detectors between EM).86 HeV 
and 1.80 MeV. The measured anisotropics are given in Fig.1. It 
can be seen that th« anisotropy has a 
gross structure which is in discrepancy 
with the result of Androsenko '. 

The fission cross-seotions and 
fragment angular distributions were 
calculated using Rauser-Feshbach theory 
with width fluctuation correction baaed 
on the model of effective single fis
sion barrier. The parameters of fission 
barrier are given in table 
1. The calculated aniso
tropics are also plotted in 
Fig.1. From the obtained 
variation of the anisotropy 
with neutron energy we can 
qualitatively envisage that 
the outer barrier is higher Table 1.Parameters of fission barrier 
than the inner one for 

i.a 

- T i • 1 - i i i i + 
to - \ if\ -
1A 1 J * 
L2 / ' ^ F -

CfiO Utt 13B MO M 149 M , . 

4 E*pe*imentfl-1 vobjt, — Gm» from 

A Calculated vahe, — o»te f w 

f 1 + 

2 
1+ 

2 r 
2 

1" 
2 

1+ 
2 

EMM) Ma 6.29 6.34 6.3 6.4 6.41 
foWfc 0.55 0.62 0.38 0.365 0.32 
^ ( I W ) 0.005 0.005 0.005 0.005 0.005 

ex. -.75 0 0 0.75 -.75 

fission. This disagrees with the suggestion of Bjoraholm 3) but 
i t agrees with Britt's result . 4) 

1. S.Lo Nigro and C.Hilone, Nucl. Phys. A151 (1970)182 
2. H.D.Androsenko and Smlrenkln, ZhETP Pisma, 8,4(1968)181 
3. S.BJornholm and V.H.Strutinsky, Nuol.Phys. A136(1969)1 
4.H.C.Brltt,3rd IAEA 3yap.Phys.and Chem.of Fission SH174/201,1973 
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Charge Distribution in the Fission of a i Th 
Li V/en-xin, Sun Tong-yu, Sun Xiu-hua, Zhang Tian-mei, 

Zheng Man-jiao, Dong Tian-rong and Fu Min 
(Inst. Mod. Phys. Academic Sinioa, China) 

In the previous work on the charge distribution for the 14.7Mev-neutron induced fission of • M 8 U , the width parameter c of the charge distribution was fuund to be 0.83 Jand was much smaller than the value of C between 2.0 and 2.5 used for 
3 3 2 Th(n,f) by Rao et alf. It is, therefore, very interesting to extend our investigation to the fission of zs* Th. 
In the fission of-*3*Th by 14Mev-neutron,tbe independent yields of 9 shielded or quasi-shielded nuclides have been determined using radiochmical techniques. The correlation of fractional independent yields in high yield mass chains with a Gaussian function, fi =• (irc)~% expl-cz-Zpf/cl , was investigated using various mass formulae and charge distribution hypotheses. From the result of fitting procedure, it oan be concluded that the MPE postulate with Green mass equation gives the best fit to the data. The width parameter C was found to be 0.84. This value agrees well with those obtained elsewhere for the most of the low energy fission. The discrepancy between our value and Tiao's in the width parameter seems to originate from the large disagreement of fractional independent yields. 
All experimental data based on the T.tPE postulate were showed in the figure. The fitting is satisfactory with the exception of "z Br and / / JAg. v/e think, therefore, the low yield in very asymmetric fission can attribute to a narrower width of the Gaussian charge distribution, fi »"*-whereas the high yield in symmetric fission can correlate with a wider width. The similar trend has been confirmed in *°Ar-iin induced fusion-fission of * * u " and has been explained in terms of a liquid drop formula. The dependence of the charge distribution w-Mtb parameter on the 

fragment mass, which was deduced *-*r from the liquid drop formula, 
seems to be adequate to explain qualitatively all the results obtained in this work. 

_"*N C-aa* 

\ *"*«t 

_ 

• i 

1. Li V/en xin et al., Nucl. Chem. and Radiochem. (China) 
2 (1980) (to be published). 

2. S.A.Rao and P.Ii.Kuroda, J.lnorg.IIucl. Chem. 35,1443 (1973). 
3. J .7 .Kra tz , J .0 .L i l j enz in . A.S.Morris and G.T. Seaborg, 

Phys.Rev.C 13 2347 (1976). 
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MUONIC ATOM FINAL-STATE PROBABILITIES AFTER FISSION 

Y.Z. Zhuo,* G.S. Zhang,* X.Z. Wu,* A.Y. Ma * 
F.C. Yang,''" S.T. Sen.t J.H. Chiou,+ Y.S. Wang.T 

and J.O. Rasmussen** 

By numerically integrating time-dependent coupled Schrodinger equations 
we calculate the final state probabilities for a \i- meson bound initially to 
fissioning 2 3 8 U . We compare well with prior theoretical work1 on point 
nuclei, and we go beyond it by using extended charge distributions and a few 
different values of fission asymmetry. We find that the probability of the 
muon being bound in the Is state of the fission fragment of charge Z can be 
well represented as 

Py(Z) = {1 + explO.^^-Z)]}'1 . 

When folded over the fission yield curve, this expression gives qualitative 
agreement with the experimental result2 of -0.08 fractional attachment of the 
muon to the light fragment, ~0.92 to the heavy fragment in fission. With 
somewhat improved accuracy in experiment and theory there is the possibility 
of testing details (viscosity, etc.) of fission fragment motion from saddle 
to scission. 

This work was supported in part by the U.S. Department of Energy. 
*Atomic Energy Research Institute, Beijing, P. R. China 
^Fudan University, Shanghai, P.R. China 
**University of California, Lawrence Berkeley Laboratory, Berkeley, CA 
1. P. Olanders, S.G. Nilsson, and P. Moller, Lund University preprint 

(1979). 
2. S. Polikanov, IAEA preprint IAEA-SM/23-EI (1979). 
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ON THE QDASIFREE SCATTERING OF DL1 AHD 'Li 

King Sing-nan Chen Pao-chlu 
Tao Ching-chang Lui Tong-hai 

Institute of Atomic Energy 
Aoademla Slnlca, Beijing, China 

6 7 We have used the cluster model wave functions of Li and Li 
to analyse the quasifree scattering ^ K p . p d ) * , 6Ll(d,dd)o6, 
6Li(d,otd)ot , 6Li(«,ctot)d, 7Li(p,pt)* , \i.(oL ,<x<x.)t with inci
dent particles of different energies by PWIA and DWIA. 

For Li, the relative wave function between the ad-cluster 
and the deuteron cluster is r A (aM o 

<^*HBCU™, ill:: 
where /3 » T a»d RQ are oonstants, which are taken as 

Ro=>3.5fm, /9«2.282fm~1, r=.306fm~ 1. 
For LI, the relative wave function between the at -cluster and 
the tritftn cluster is 

4>-.< R ) - ( A i l ( 
R ) - W « : 

A,. OR), R«R. . 
«fR) , R>R., 

where the constants p , ? and RQ are taken as 
Ro=3.5fm, /3 »1 .B37fm~1, r=.4542fm _ 1. 

Vith these functions we have calculated results, which agree 
with the experiments. 

The experiments Ll(d,dd)rt "li^etd)* BLl(«,««)d 
and Li (of ,<xot)t with KQ<=9 MeV, Bj>18 MeV. are performed on the 
cyclotron in the Institute of Atomic Energy. In thla abstract, 
two examples 6Ll(d,dd)a with Ef9HeV and 7Li(p,pt)tf with Bp*55 
MevCfigl-^) are shown as illustration. 

r r , X / \ 
l s \\*C Nf 

*,.! 

li'ttJUH 
&-5SW 

F i j . i 
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ENTRANCE CHANNEL EFFECTS IN FORMATION OF THE COMPOUND NUCLEUS 204 Rn * 

H. Enge, A. DiRienzo, A. Sperduto, M. Salomaa, S. Gazes 
Massachusetts Inst i tute of Technology 

M. Schier 
University of Lowell 

H.E. Wegner 
Brookhaven National Laboratory, Upton, N.Y. 11973 

Excitation functions for evaporation residues formed by multi-nucleon 
boiloff from the compound nucleus 20*Rn were measured over a range of exci
tation energy Eg x , from 35 to 70 MeV u t i l i z i n g the two heavy ion reactions 
6 5cu + 1'9La and ' 5 c i + 169Tm and the MIT-BNL Recoil Mass Selector. The 6 5Cu 
reaction covered an Eex range of 35-53 MeV and the 35ci reaction 40-70 MeV in 
approximately 5 MeV steps as shown in the figure. The two vert ica l arrows 
indicate the nominal EgX corresponding to the Coulomb barrier for the two re
actions. Data points and error bars were l e f t out for c lari ty except for two 
to indicate the magnitude. The curves are drawn through the centroids of the 
data points. 

The excitat ion functions for some of the evaporation residues overlap 
for the two reactions and consequently indicate the similarity and d i f fer 
ences in the decay of a compound nucleus at a particular excitat ion energy 
but with a maximum angular momentum of 40h for 35ci and 95h for " c u . The 

2np and 3n excita
tion functions are 
similar in shapefor 
the two reactions, 
with the 2np yield 
for the *>5cu reac
tion approximately 
half that for the 

reaction; 
however a l l of the 
others in the over
lap area are quite 
d i f ferent . 

The Coulomb 
barrier cutoff for 

reaction d is 
torts the residue 
yield curves ascom-
pared to the 6 5 c u 

reaction so thatin 

200 

35 40 60 
(MeV) 

75 50 55 
Z 0 4 Rn.E„ 

the overlap region Coulomb effects wi l l modify the angular momentum distribu
tion for the formation of the compound nucleus. These gross e f f ec t s are a l l 
allowed for in various evaporation models and these data have been compared 
to the predictions of OVERLAID ALICE1) as well as other evaporation models.It 
i s not surprising that these small (0.01?) of the total fusion crossection) 
residue y ie lds are poorly predicted and the differences may be due to various 
kinds of preequilibrium fusion or entrance channel e f fects . 

Work part ial ly supported by ERDA contract Ho. EY-76-C-02-3069 and by DOE 
Division of Basic Energy Sciences, DE-AC02-76CH00016. 

1) M. Blann, OVERLAID ALICE C00-3494-29 
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