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FOREWORD

It has been a pleasure to host thé first workshop on
high-spin physics in the Western Hemisphere. We have
observed for a number of years the stimulus provided by
the Copenhagen workshops to the European community of
high-spin physicists. This October seemed like a good
time for such a workshop, coinciding with a number of
large arrays of Compton-suppressed germanium detectors
coming into operation and beginning to produce new and
interesting physics. 1In our view the discussions and
interactions provided by such workshops are important for
the vitality of our field. We hope you have enjoyed this

experience as much as we have.

4 KIM//?% B Locvned 2_54@7%

M.A. Deleplanque R.M. Diamond .S. Stephens




WORKSHOP ON

NUCLEAR STRUCTURE AT MODERATE AND HIGH SPIN

LAWRENCE BERKELEY LABORATORY
October 13-16, 1986

Tim:ay MONDAY TUESDAY WEDNESDAY THURSDAY
9:00am. l\yelcome  T..M.Symons |V.CONTINUUM PROPERTIES |IX. HIGH TEMPERATURES XHl. LIFETIMES
|. SUPERDEFORMATIONS Ly. ,Leé R. Janssens J. Bacelar
F. Stephens A. Goodman N. Johnson
P. Twin G. Leander C. Gossett Y. Chen
10:30 a.m. gﬂ.AcﬁeeYOIgt
BREAK . g
11:00a.m. Il. HEAVY RARE EARTHS VI. CONTINUUM PROPERTIES | X. TRANSFER REACTIONS XIV. MOMENTS
H. Hubel Th. Dossing D. Cline G. Hagemann
R. Lieder R. Holzmann J. Gerl M. Hass
E. Marshalek C. Baktash P. Ring H. Emling
12;30 p.m.
LUNCH
2:00p.m. ) SINGLE-PARTICLE VIl. IGHT RARE EARTHS XI. TRANSITION REGION
CONFIGURATIONS
M.A. Deleplanque P. Nolan L. Riedinger
M. Piiparinen D. Fossan J. Wood
K.H. Maier E.M. Beck M. Guidry
3:30p.m.
BREAK
4:00p.m. |1y BAND TERMINATION VIIl. NEW TECHNIQUES XI. SHAPES
M. Quader Th. Lindblad T.L. Khoo
D. Headly D. Ward N. Koller
I. Ragnarsson J. Saladin T. Czosnyka
Th. Byrski
5:30 p.m.

RECEPTION




II.

I11.

Iv.

106¢

SUPERDEFORMATIONS
P. Twin
M. de Voigt

s. Rberg

HEAVY RARE EARTHS
H. Hiibel

R. Lieder

E. Marshalek

MONDAY

52

Shape co-existence and shape changes in ! Dy

y-ray correlations and conversion electrons of
ISZDy

Feeding, spectroscopy and decay of superdeformed

superdeformed states in

states

High-spin structure of 1ight Hf isotopes
Study of high-spin isomers in 180Os with OSIRIS
Mixed alignment in the Os region

SINGLE-PARTICLES CONFIGURATIONS

M.A. Deleplanque
M. Piiparinen
K.H. Maier

BAND TERMINATION
M. Quader
D. Headly

I. Ragnarsson

Particle-hole states in 150

1486d

Spectroscopy and moments of Po isotopes with
114 < N < 126

Dy
Structure of

High-spin states in 154Dy

Comparison of experiment and theory for high spin
states in 24Mg and 25Mg

Spectroscopic consequences of shape changes and shape
co-existence at high angular momenta



VI.

VII.

VIII.

* 106¢

TUESDAY

CONTINUUM PROPERTIES

I. Y. Lee

F. Stephens
G. Leander

High-spin nuclear structure studies using the spin
spectrometer

Correlations in the y-ray continuum

Rotational E2 strength function

CONTINUUM PROPERTIES

Th. Dossing
R. Holzmann
C. Baktash

LIGHT RARE-EARTHS
P. Nolan
D. Fossan
E.M. Beck

NEW TECHNIQUES
Th. Lindblad

D. Ward
J. Saladin
Th. Byrski

Damping of rotational motion
152Dy

Energetic M1 transitions: a probe of nuclear

Continuum lifetimes in

collectivity at high temperatures

Study of nuclei near A = 130 at very high spin
Band structure in A = 130 - 140 y-soft nuclei

Spectroscopy of ]35Nd

Analysis of multidimensional y-ray coincidence
spectra

The Bw spectrometer

Results from the Pittsburgh multidetector array
y-ray spectroscopic studies at the French crystal
castle ' |



IX.

XI.

XII.

106¢

HIGH TEMPERATURES
R. Janssens

A. Goodman

C. Gossett
TRANSFER REACTIONS
D. Cline

J. GerT

P. Ring

TRANSITION REGION
L. Riedinger

J. Wood

M. Guidry
SHAPES
T.L. Khoo
N. Koller
T. Czosnyka

WEDNESDAY

Suppression of neutron emission in heavy-ion induced .
fusion reactions: entrance channel effect and/or
superdeformed shapes ,
Finite-temperature HFB calculations in rare-earth
nuclei '

Nuclear structure of heated nuclei from the
statistical decay of the giant dipole resonance

Heavy-ion induced one and two neutron transfer
reactions as a probe of high-spin collective states
Nuclear reactions at the Coulomb barrier

Diabolic pair transfer and oscillating behavior of
backbending in rotating nuclei

The systematic occurrence of i neutron and

hg, Proton crossings in light]iﬁf Pt, Au nuclei
New results on shape coexistence in the light goid
isotopes

Microscopic calculations for high-spin properties

using Fermion dynamical symmetries

Indications of octupole shapes around 1448

a
Extension of transient field measurement of magnetic
moments to higher spin states

E2 properties of the nuclei studied via heavy-ion

Coulomb excitation



XIII.

LIFETIMES
J. Bacelar
N. Johnson

Y. Chen

X1v.

106¢ .

MOMENTS
G. Hagemann
M. Hass

H. Emling

THURSDAY

Collectivity at high spins .
Studies of collective behavior of nuclei at high spin
from 1ifetime measurements

E2 properties of high-spin states--multiband mixing
mode '

Al = 1 transition rates
Nuclear polarization and the sign of nuclear
deformation at high spin

‘High-spin g-factors and lifetimes in N ~ 90 rare

earth isotopes
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Shape co-existence and shape changes in ]SZDy

P. Twin
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Y-ray correlations and conversion electrons of

M. de Voigt

superdeformed states in 1520y
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Pig.1 Calculated potential-enerqy surfaces at different spins for
15201; considering all (w,a8) = (+,0) configurations (left) and some
fixed configurations (right). The contour line separation is 1.0 MeV

for full lines and 0.5 MeV for dashed lines.
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Study of high-spin isomers in ]8005 with OSIRIS
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Partial level scheme of 180ps as
populated by the high-spin isomer.
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50

M.A. Deleplanque Particle-hole states in 1 Dy
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The nucleus Dy was produced by the reaction | "Cd + l‘aAr at 175 Mev. In the

spectrum shown, a 1mg/cm" lead~backed target was used,producing 230 million events,
The figure shows a triple coincidence spectrum with a double gate on the (new)

353 kev line(45%). The energies of the new lines are written in bigger characters.
'£‘hus, there were sufficient statistics to select and separate the many parallel

decay pathways of this nucleus,
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Level scheme of ls.oDy. It can be interpreted with the Deformed Independent Particle
Model (DIPM) of‘D¢ssing et al. which is successful in predicting the aligned states.
There are three regions: up to spins 20-22, valence particle configurations; up to
spin 32,one and two particle-hole (p-h) configurations; above, higher number of

p-h configurations,
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The Sye ! dg e neutron hole orbitals drive the nucleus "oDy towards large oblate

(p-'—o.z) in the states which contain these holes, This nucleus is deformable because

it has already four valence nucleons in the equatorial plane, e Dy, with identical

particle configuration (no holes), is much less deformed and still shows a multiplet

structure,
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Assigned configurations above spin 20, The numbers in parentheses are the calculated
(DIPM) energy values for the aligned state of each configuration., The small numbers
above each level are the number of neutron and proton particle-holes respectively.
The most impqrtant feature in that nucleus is the breaking of the proton core (e,g,.
leftmost thick cascade in fig,2) and of the neutron core (e.g, rightmost thick
cascade in fig.2) at the same energy and spin in parallel cascades, This is probably
a result of both deformation effects and of the higher number of available highespin

neutron orbitals.
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Spectroscopy and moments of Po isotopes with 114 ¢ N 126
K. H. Maier, HMI Berlin and LLNL Livermore

Quadrupole moments have been measured by perturbed angular distribution
in a Bi szngle crystal, following pulsed beam excitation, for the
isomers in neutron magic 210Po: (nh9/2 +8+), tghos/2 il3/2 ,1l-),

(208Pb 5-Th9/2%,13-) "and (208Pb 5- Th9/2 i13/2,16+). We used the
209Bi(t,2n)210Po reaction with the LLNL spectroscopy setup at the

LANL tandem except for the 1l1- level measured by 209Bi(15N,14C) at

HMI. Q(8+)==57.9(18) fm is derived from B(E2,8+>6+) and serves

as calibration of the electric field gradient. The experimental results
Q(11-)=-99(11) fm?% , Q(13-)=-94(8) and Q(16+)=-136(5) allow to extract
Q(7113/2)=-56(12) fm* in agreement with theoretical predictions.
Q(13-) - Q(8+) = Q(16+) - Q(1ll-) = Q(208Pb 5-) follows from the
structure of these isomers and gives Q(5-)=-36(9) rsp. -37(13).

This agrees w1th the main component of the. 5- level, namely.

Q(Vv gs/2 pl/z )=Q(Vg9/2)= -29(2) £m? from B(E2, 210Pb 8+ » 6+)

but might indicate a small softening of the core due to the

- pl/2 hole. :

210p-, - :
0.207 ,Ffo ] = 13 492 keV ) [ ]

o.o.o,\ F'M" "t l%‘! .l; I
Rrd -rf.l PH HIIH [

::f—-n
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—0020 e
o - 50~ 100
time[ns)
0.40F

2100y | = 16* E, = 685 KeV

0.20 {1 L /i
0.00 L b Lk J"l
o {E i et
oan L Bl W
0 500 1000

Measured and fitted theoretlcal quadrupole modulation patterns
I(0 ,t)/1(90 ,t) in a Bi single crystal.



40

S, F ey
k - 2
2804 r.\ w’s H2)
218
. 730 (40) ns
2692.5 ""“T"A"“':z g = =0.155(3) ‘
* 3 ) - 100 (10) ns
T 25%
w 2 . | g = +1082
25664 — LJ n- 300 20) ns 5
; g = +L10(5) 335 .
241
- , .
2325.2 =t ©) 26 — )
438
= 825
o I. ‘ A
l . 29@ns y . 61 (3) ns
18540 = 8 g asosis) U7 r - 8 5 S hasun
A4 7614 6
frprird 5 ]7
i a
539 : i
l 1269 e
11585 - e E 4
I 611
554 l
l 665.9 -
6050 2z
I 660
aﬁ l
0 l 9 0 9
198y, )

Partial level schemes of 198,200P0



41

A

HM!1-P-85-H-4549

X

] | l,v >
114 120 126 N

Spectroscopy of 198,200Po with the 182,184W(20Ne,4n) reaction at
Vicksi shows 8+ and 11- isomers with the same two proton structure
as in 210Po, which is clear from their g factors. Also (Vil3/2 T 12+)
isomers are found that agree in excitation energy g factor and

B(E2) value with the corresponding states in Pb isotones. .
The B(E3, 11-->8+) values increase sharply with falling neutron
number reaching a collective value of 25 Wu. in 198Po. Th}s is
surprisingly large, considering that the (i13/2 2h9/2) spin flip
transition is hindered by a factor 20. ‘
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D. Headly Comparison of experiment and theory for high spin

states in 24Mg and 25Mg
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SPIN ALIGNMENT AND BAND TERMINATIQNS AT VERY HIGH. AI\L&ULAR\.MQ&ENTP;.
" —————T T T N T T T T g NS

OC\O\T\

Ingemar Ragnarsson
(based on work in cooperation
with Tord Bengtsson)
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Z=56, N=¢&

If neutrons and protons are exchanged and if the N=82 gap is exchanged by
the Z=50 gap; the nuclei around 12 Ba can Be characterized as having ~40
" valence particles outside the 1l4sn core in the same way as the nuclei
around 156Er are characterized By having ~v10 valence nucleons outside
the 146Gd core, This indicates the possibility of band terminations also
in the former region. The lower part of the figure illustrates the high<j

shells available for the valence nucleons in both cases,
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Calculated collective bands in 122

Ba having at least five neutrons
in the h

11/2 shell (i.e, at least three holes in the N=64 core)
and down=sloping terminating bands with three or four h

11/2 valence
neutrons,

The six encircled terminating states indicated have the

proton configurations‘nz 2 combined with the neutron configurations
]
‘)2,3,4'
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PAIRING

The upver vart ol the figure indlcates that with the Fermi level in the
middle of a sheil, an apprciizate IZ(I+l) band 1s fcrmed (no pairing), In
the lower nart, the _and wnich results from & cressing sincle-rparticle
orhital iz added. It 13 also indicated that on the average, the eneragv
increases by the rigil hody moment of ipertia. i.e. with no band-crossings
zresent, we will in nany cases £ind 3(; [ 3’(2)% Jric.' Furthermore, &t low
spins, the mairinc will change the band structure but as these band-
crossings largely cccur kecause of pairing, thev are not relevant at hicher
so2ins where mairinc is small or vanishinc,
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L
'g/Z 6 * {le O.[?- . 0_]2.5'

Y = C Qos - - Oc¢

(-]

In the extreme case of band terminations, it is indicated how

the nucleus finds its way through the deformation.plane to avoid
band crossings, Thus, the "N=90" gap is bresent from the collec-
tive rotation at low spins all the way to the aligned state when
the 8 valence neutrons contribute with 30 spin units. Such shape
changes is one important factor leading to large values of 12) .
Particle numbers are encircled while approximate spin contribu-

tions are given in squares,



54

I. Y. Lee High-spin nuclear structure studies using the spin
spectrometer
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Table I. The y-ray spreading width determined from double
correlation spectra

o (Ev}(KeV)
k = 15-17 k = 18-20 k = 21-24
Evy H<15 15 HIg D18  H<21 0 21(Mev)

1.0 30(3)  33(4) T(4)  0(4) 33(4)  34(6)
1.2 - 35(16)  4g(Ir) 4s(II)  43(11)  43(6)
1.4 - - " a9(20) 56(17)

Table II. Ratio of the experimental valley depth to the
calculated value

)

k = 15-17 k = 18-20 k= 21-24

>EY H<15 H>15 H<18 w13 H<21 21 (MeV)

1.0 0.13(1) 0.16(1) 0.12(2) 0.15(2) 0.10(1) 0.11(2)
1.2 - 0.06(2) ©.06(1) 0.0%(2) 0.06(2) ©.16(2)
1.4 - - @.a4(L)  0.06(2)
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Conclusions
1) Gamma ray uith_narrnu spreading widt@ has tntensity € 15 %
2) The intensitg is indegent of (k)
3) The.double‘and triple carretatian progerties are similar

41 It is possible to study up to five fold correlation
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. F. Stephens Correlations in the y-ray continuum
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Fig, 1, Gated spectrum from the system; 48Ti +‘124Sn —iesﬁf 4 . The gate energies are

indicated, and the dip areas run from about 30% of one transition at 0.8 MeV to no

measurable dip at 1.2 MevV,
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Fig. 2, a,b. Detailed dip shapes for the system: 4oAr 4-100Mo-q>136Nd1-. The channel
widths and effective gate width are 4 keV, and individual gated spectra have been

shifted and added over the indicated energy regions, For each gated spectrum a normalize

full-projection spectrum was subtracted to remove large scale variations. c¢,d. Single-

gated ( dark line) and double-gated (light line) spectra for the indicated systems, The

effective gate width is 8 keV, and spectra have been shifted and added over the indicatec
regions,
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Obsevvation Conelusion

NARRew DIP
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Fig. 4. Damping width,r:,t, calculated by Lauritzen,Dgssing, and Broglia, superposed
on some schematic cascades. Those cascades below the onset of the major damping give
rise to the resolved lines and the narrow dip, The observed broad width corresponds
.to the large C-.t calculated above ~1 MeV excitation energy. The experimental values
for the broad width,™300 keV, seem larger than the calculated values,~»100-200 keVv,
Also there is no evidence for the narrow width &100 keV) predicted at high excitation
energies due to the motional narrowing, Such narrowing would produce dips at the

highest ¥-ray energies, which are not observed,
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135Nd Strongly deformed band
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THE 87 SPECTROMETER

P. TARAS
Université de Montréal

J.C WADDINGTCN
AchMaster University

H.R. ANGFEWS and D. WARD
Chalk River Nuciear Laboratories

(obor 1953 -
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CANADIAN 8w SPECTROMETER

72 BGO Detectors (60 Hexagonal, 12 Pentagonal)
equal solid angles covering 95% of 4x forms a
spherical shell 6.7 cm thickness of BGO.

Inner cavity takes a 22 cm diameter chamber.

20 HPGe Detectors (24% efficiency) suppressed by
axial BGO Detector Systems.

Total coliimated solid angle is 5%.

Front face to target is 22.5 cm.

Weight of Detectors supported is 1720 1bs.
HPGe Detectors view the target through 20 holes
in the inner ball.

The instrument is spherically symmetric
eg. Phototubes emanate radially from ball
detectors. '

Funded at K$ 4995 on 1984 July 0Ol.
Scheduled completion 1986 Oct. 31.
Shared funding between Canadian Universities and

. Atomic Emergy of Canada (Chalk River).
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R. Janssens Suppression of neutron emission in heavy-ion induced
fusion reactions: entrance channel effect and/or

superdeformed shapes
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Nuclear structure of heated nuclei from the

C. Gossett

A~y FC TS
oyl somyriory

statistical decay of the giant dipole resonance

(*av)dxa(*3)%o

L
(A2W)
68 02 81 O sz 02 S 0 S 0
° v q-..—q ~—rT y | Jﬂ; 14—7-«1—.<<<,—<<ﬂ<—4-41
::// <o | - 1 »-01
009 + _n. /, //”/l - -
i
Ny 1 F - -0t ua;
4 ™
0091 NS Ty 1 4 v
I T T DO
0 U RRAREERLRERRL R B -1 ¢0? \ml
3 = 4 e ' o
< - N
00% T — /./ .I-. ] K
I AdE - Iy
! \ /.. - I B
| & /. oTdgey ¢ 7]
008 = s Lo JEPCC PO 1T WSygy + gy -1 »01
ISDERTE DI IS AT B P PUTE DY DU P

\VP@ .s.\e&gu.i\g\ DQ\L@VU

Yoy w?(#dem d“&mw v
%cac .8 )
T e e 1ot

APWe)9 =(22,)3

(S&s1)98hl  FS 1¥¢ PR RESOIVD



ch Goscette:l’—a/ , I~ Frefamj,.,‘m

- e e
10°
10*
—
% 2 ~
= 10 0
' g
N
L 100 ~—
= ~
e’ 10-8 EJ,
Py -
&f‘ g
. 107 b
b
1078
10~°
10710

E, (MeV)

(Q.“’“) ) ) ) . ’ R 166 g ¥ /Sbé ¥ "%Ce* IOQS -
FLTAMQ.AWW enClhonccioni Mwwﬁw&é%‘zf c, Y 2 "‘ )
" 3 . oy 4 ) wa ()

L {8 nfamad hape J/WW Cusss uMdM W"%ﬁdrﬁwﬂ« e

Wepet io caot of o nclices ot bae VS GIR ubu/ﬂiﬂr'— foo WoBZ MOGE (also Seew inP02r) el
sérts. MM%QQ&%“W : ;,a“g,ﬁa..‘(q,é&,&

W o byl e
,(,w@ék M%W(A@ me% ,09.(“3 flo/‘mu} W ot Agh T

AN



115

CA Gossett efal ;k?repam/rﬁ

I 1 | ‘l 1 UT ] l 1 ] ] i ] 1
1201 %%cy "®se %%z, 1985, 49%e '%Cer 'S,
| }&u 725,80, "5S¢y 160,
— 10— . -
> P t
2
s
X
=
[T 6_———"
4-SS S DDD S ‘D DD S DD D -

>
(Y
2
o
W
|4—|4 | 11 1 ] t g l 1§|—-
2T Ilﬁllli [T ] ] L
" |—}f ¢ $3 ¢ {}{' N i}i_.
- 76 s 180 -
46 52 63 72 80 90 io8 118 140 156 166
0L—t—1 | W | 1 | RN TIN | 1 {
40 60 80 t OOA 120 140 160

F’?,w:')". /N@uy&_) 3, oncean AlsENBaLE gy, Ep and WMMJ%
W ety F ) L rf i BDR Mott ey clid oHalia ot vy %W
Fad-tMey and T ~10-10 ¥ MM ¥ nass. Conve, abiosd 7W —

- P y 280 ot
MWW- Lo 7‘7:”—.‘( . Sadd WM 5
¥-ay olapes Lnibsh AWWWM ermpavst Lorlyos
wao uacd fotle BDR ohap.

Y



116

oo o grons TYE O pare 121 PPN Jo wrgero iy, \é ©2 VERXPNIILT TPt T Pramn o] Dy
- N ) m&“ ’ v..\a Zassciiliians’3 \..\Nw»\ m\a\ = p €~ m\i = D 1@1&3@.&\ 3&3}\& ;i\vW\Q —~r .wm.‘&“ﬁ \é
. : € 5o/ ..eS ..xm,x\ﬂ,Wm Vzaa’s \P uﬂixuw%:\s;\m ™ 9L \Y.i\gs) \{:\«N. Twne pg” \@.._n‘go
..miﬂv.%\. %ﬁ:ﬂv\\% Aoy 120 PP NOWHE VO ~go]  APNIV= (0,27 FO é 6%4\*\. ‘\vﬁw\.
A orgr B e e i B R i ri‘Ag 195 \ P g f e
\I\v\%a\. P ] g W\»HM We,x n s
\%«3\\ wkw\%vdwc " ..\)\v.\\i TR IRy Fv§§§§ R o

({r-A

0
00%
008 |
i s
q O L
k ~
G Ny’
Lnd 00% g
p
% g
> [ )
O 008 3
= >
% 4]
R 0 3
00%
008




117

Heavy-ion Induced One and Two Neutron Transfer Reactions as a Probe of
High-Spin Collective States

DOUGLAS CLINE

*
Nuclear Structure Research Laboratory
University of Rochester

Strong collective excitation inherent to heavy-ion reactions implies that one
and two nucleon transfer can be induced between states carrying many quanta of
collective excitation. This opens the possibility of probing the dependence of
single-particle and pairing degrees of freedom on collective excitation. One
and two-neutron transfer reactions have been studied at the Holifield Heavy
Ion Research Facility using 5MeV/nucleon *°Ni and '!'®Sn projectiles and
161216221632164py targets!’?, In addition one-neutron transfer has been
studied® for 325MeV *°Ni on a 2%°U target. The target-like and projectile-like
fragments were observed in kinematic coincidence using position-sensitive
parallel plate avalanche detectors in coincidence with the deexcitation gamma
rays observed using the Spin Spectrometer whicn comprised up to 14 Compton-
suppressed Ge detectors and =60 Nal detectors. The Spin Spectrometer was used
to measure the total energy and the multiplicity of the deexcitation gamma
rays from the reaction products.

At the grazing angle the coincident gamma-ray spectra are dominated by the
inelastic, one and two-neutron reaction channels. For these channels the
reaction selectively excites states adjacent to the yrast seguence, such as
rotationally-aligned two quasi-particle states, up to spin 30 with large cross
sections which is consistent with a direct process for the transfer. That is,
this reaction populates a distinctly different region of spin and excitation
energy compared with other reactions. Moreover the deexcitation spectra are
clean even for transfer on 2°°U opening the prospect of studying high spin
states to spin 40 in the actinide nuclei unimpeded by the fission channel. It
is shown that the exponential radial dependence of the two-particle transfer
form factors at large separation distances for very heavy ion collisions is
anomalous leading to large cross sections for distant collisions. It is
demonstrated that this effect depends on the angular momentum of the states
excited and is not due to intrinsic excitation of reaction fragments.

The results of this work and related studies were reviewed and the
implications of using such reactions as a spectroscopic probe of selected
states near the yrast sequence was discussed.

¥ Supported by the National Science Foundation.

! M.W. Guidry, S. Juutinen, X.T. Liu, C.R. Bingham, A.J. Larabee, L.L.
Riedinger, C. Baktash, I.Y. Lee, M.L. Halbert, D. Cline, B. Kotlinski, W.J.
Kernan, T.M, Semkow, D.G. Sarantites, K. Honkanen, M. Rajagopalan, Phys.
Letts. 163B (1985) 79.

2 8. Juutinen et al, To be published 1986

3 C.Y. Wu et al, To be published 1986
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J. Gerl Nuclear reactions at the Coulomb barrier
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Diabolic Pair Transfer and Oscillating Behavior

of Backbending

P. Ring and R.S. Nikam
Physik-Department, Technisch Unjversitat Minchen
and L.T. Canto

Instituto de Fisica, Univ. Federal do Rio de Janeiro
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Fig., 1 Pair transfer matrix elements <A+2,I|S+|A,I> as a function of the angular
velocity for various pairing parameter 4 in the nucleus 1°CHf. An
oscillating behavior is found, which is in close analogy to the
DC-Josephson effect in solid superconductors in a magnetic field, where
the amplitude of the current oscillates with the strength of the flux
going through the junction. We call the regions, where the matrix ele-
ments vanish, regions of "Diabolic Pair Transfer",
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The same oscillations occur in a deformed single j=13/2 shell. The
number of oscillations depends on the orbits (v,v) to which the pair is

transfered. v = 1,2... are ordered with respect to the energy, i.e. for
small w-values v = 1,2,... corresponds to K = 1/2, 3/2, 5/2,... The
qualitative pattern depends little on the gap parameter 4.
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Fig. 3 The oscillations can be understood easily for A = 0, where the transfer

matrix element is just the spatial overlap <v|T[V> of the two singlepar-
ticle wavefunctions obtained from the diagonalization of h ' wjx, For the
large K-values K = 13/2, 11/2, ... these wavefunctions are represented in
a basis quantized along the x-axis. In this basis they behave 1ike
wavefunctions of an harmonic oscillator shifted in momentum space. For

K = 13/2 the overlap is decreasing with w, but it stays always positive.
For K = 11/2 it has one node, for K = 9/2 it has two nodes etc, For the
small K-values early alignment gives vanishing overlaps and reduces the
number of nodes. ’
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Fig. 4 The oscillating behavior of the interaction matrix element between the gs
band and the s-band as a function of the chemical potential. The full
lines are the exact results obtained by Hamamoto et, al. The dashed
lines correspond -‘to the approximation where the off diagonal matrix ele-
ments of the pairing tensor in the rotating frame are neglected. The
critical "diabolical" points, where this matrix element vanishes are in
this approximation identical to the points, where the pair transfer
matrix-element <v |t [V> vanishes, i.e. to the regions of "diabolic" pair

transfer
6. 04 .
OY 160 + SH 116 , Ecm = 330.0 C I b
7.04 . inet. / PurC oulomb eptt.
- =  inel.+obs.+tunl.
6.0{ ... inel.+abs.+tuntdstr,
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I th
Td.a.bolm redion

Fig. 5 The probability to excite a deformed target nucleus 160py by coulomb
excitation up to spin I w1th simul taneous transfer of a Cooper pair in
sudden approximation at 180°



. 2 .
hi ay 9 aal v
T 1 T 1T 171171
QO [ SHUUET NS S S S
[ 0 - 023 14
PN S -
F Lgov 1
uvv.M_be\M.\\b\ 3k TN 9313 Wiz ey
+T Iy T
s+ use . N
(39 My,
__ i vepanan
a4
A 0:77 sy
[ 7¢=¢ st Frotiy
WS Iymu SBIH1Le 31211349
Qo-r ! - ﬂ \;'{}l\\l\'—
] \.‘ \ J.\ ¢ ’
! /) n_c.x .r\rm d\rra
g .T H 29?06&
| Dunieye - oty
o1+
¥ s St ..aqmm.
b .mLJ., X3 91313 wgy
n “Tem eéut s "+ a0 - v
s v SLg¥7 YaLsPWIW:
) /Y] y - - z
o o . ! Tin L, ..f LL
T .
+° Hdaes uz:__..&az ﬁnz f.&_ .f.nu._ .Cn et
by " v
_ 3o Gomi ™Y g1 Zaaz Yo - cmm_ bL
T \ RO A L B
» wZJu
st U, g ,A.”s_ B O
ity v s [ |
ol an 201 e (-] hat
" D S S N A A N
hu o %1 o

o
1»
\O
}
2
a
woo®
P ™ :M
& o2
W
w2 r
b 2
2
fowfissy ML ApURH 2od  LALUSND Lmiop
‘Miva Qe o - Nnogga onNIY L
BoS IO ) SR P2 0 e
MUsIYM - 2~ 3Y U EYN n
SYCL A ANO dvaT - NISSLInag 'Y

RETE AORINGT $21sy W YITOW CaSNT -

oNnkHE ‘K
SYGLUAUSYNTI0D  gdLaon L

. 2084 ¢ 'C

MOSNHROS 'y ioiyy s

DUAIIN 'L alynow ’'$
WA oLS ~S7sedl) 30 Sozyinevws 20 AR

‘43 VE QIWRISR N
VYFonP 3Ly M
avyd w'w Wlhomyg 32
3317 .\lH Mkehm\v’.“ 'HNGCC.C-) .n.é
NVOsSvites QN Noss vyt eSS S XL'w RIS TN
LY3GWH W O35340¢ O NV N
HSy LAy ‘2 MADNGAY DS WALAB YN LW
g1 Wy 2908 “Jao TAWAO YALS QWi ARSSanMaAL AN
13720 4T "N - ¥} LR < YHTRY
IS - 40  Sawganyrs - 5309 Ao



Avg T
| A~ h
Ay L%
bs' = &g SNg
v=1).b
d\._“ .-F,v._ly.w :d  Bulkem
WVIWET T ylVWw  medhIsAN) = (A
o <Yl -+ <oh o~ =g ,8]
A 3|9+ c¥lv = <giif
(Zrmayorym) USETLYLS L0 w0 9NTAvw  NFATT - ewI
g onvg 4 onug
-3 <
S'1e9¢ Thye =°
FELTY AR L
SRIT 5l
\'
. o o Cpette 80 a)g
3 e = (0=, 510
. - ] _ L -ve= st eplp
50t 3.215°@ = (| -f—_s' (<aig Tig X3

KLY
30 9w

.fnvrtr a

_c! o2~k - aSon D

P Moy yorgeny 7,

o
2 “hy u 1 CtkSY 7Y,
g'y : a\?w? 2 Th1] 7,
2Ty
By 2y mO»s..-&.C. &r-:_ .&.:
! I L L T
~ o+
- o
. 7 .o_..‘ thU)
VL 4\ aNYD | .
Sad 7's Woayd a2
AMua A VaLNANYD _ o~
L ]
Lol
$¢8_ Lol o1 So1 tor =N
o oY %0 K, Wy XN
T 1 1 T I
. 40
- oz
-
()
- 09 \ﬂwid.&ﬂ}uk‘
. ¢ . 24
o o 4, e 1 we-w2
Ivvgy TOWA  d0 (D + V)
SIUNLYNDIS w32 20 ~1 ool
oviLL S Aouswn 3
T I3V NS5



/

k

angf
eb

(e.

I>T-1)
B(BA,L+T~-2)

I>I-) < K20/T-2. L)_‘) '

[]
)]

THT-2CLK2L0/I-| K?

B (&L
B(EA
o~

"~
L]

—

)

(

+

=

@

®

.

01'

LB S b ep 2 g 2% 2%

131

t

L3

$

PARTICLZ- RoTOR
ChvLe,

| EXPT ¢

FESOx : m.mAsTEN BATH

1960,

y=+15°

PioT Ty
F€3 e : Mo PinLp OATY: NNBERG

&3 Oss 3‘3\&” BATYH « NYSKAXIS

"ilz. A nf, "‘I':,

I

24/,



132

sSpelPE  URRATIenS v e,

(32,¥ Fou FES mmvimpa | FoR
NVA®iovw S CONFIGVUNRATIONS
° ° ° ° ° o
.60 50" wo® 3% .3 20 10
3 7 >t
L _ |
’*,g.a '00
\ .
aehs?[
0
. o o &SR _4-mw
| Be&"\_)
/ =T
! J ~3°
o (S.z ::‘o“ e ©

QUASI NEUTRON ORB\TALS *

VA :Z’;Lf:tlz ¢ A8
v 5y o Tplsivl) ! E,F

AGuasyPrRoTowN OR BCTALS:

Tri"/;_: V- Leeo) ¢ a, h
LA AT PR

”-——




133

Commch‘*' :r(OM M. JL vo{gi»

LEVELSCHEME oOF '®'pt

Riozdsor ok ol

KvT.

(17739 [ 3146,8
(33/27 ) zzzz®= =9 =3084,6
@By 78,9

e em o= =4870,34x
Ay 4814,lsx
]
le69,3 [725,5
]
; 4461,00x
! 5074
-*649 > 4201,0+x
¥+ 4088,6+x
)
‘ E— 3953 6+x
! 6,1
1 068450,6
L 37468x
: “1‘3
3551 9+x
— 3502,5+x
2348
(35/27) — 3267,7+x
(35/2°) 32|04 +x
Is?u
4
26/ 613,8
33727 —§— 28959+x
592,7
3172 — 2595,6+x
575,2

29/2°

XVI 46!

49/2° —————— 5299841

47727
-

75,5

772,
[—4998,3+x

45/2" =X 4527,7 o1

‘ 7371
43/2" —g———1—4242 8 ex
708,8
a1/72* —f——g— 3790,6ex
64,0

39/2*

P 3533,9¢x

(3893,6)

1348,8+x
a52,7
1206,2+x

Iv2- (521}

972" 1021,34x
65)31a7 2172* 896,1ex
1772 BOTT7ex (g o .;70.6“
15/2” 606,6+x
>
- 346,2 17/2’ 26.6x
1372 4259+x 1572 4254 4x
/2~ — 13/2% 264,56 ex
e TEx Bt 1.203,44x
9/2" J18,8ex 9/2* [ 159,5 +x
S
7/2 ch 59'
X
7/27[514] 9/2'624]



134

New results on shape coexistence in the light gold

J. Wood

isotopes
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Model.

The Fermion DylﬂaM;CaL SBMMC_tt-J

X.G. Chen (Drexel)
2.P. Le (Tenn,)
H. Wuw  ( Drexel)

Mw. Gun’er ( Tenn.)
C.L. Wwu Y ( Tenn.)
D.H, Fewq (Drexel)
J.Q. Chewn CNawjinm )

A4

THE PROCEDURE

1) Recovple the amular mementa
*

y > > k= psevderbibal
J= k + L {ix };”eudoxptu

2) Truncate The Sphericall Shell Medel

k=l or (=32

/ k=o

= 1) rpl= 0,2

(Coherent SD
fermion Subspace )

( Normal. (2 t
Pl

¢ uNique ‘Pariéj orbitals

ws= (her:‘EaJe.)
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Fig. 22  Schematic Fustrations of the shell-mode! truncation impiick in the FDSM. For no

broken pairs (u=0), the coherent (S.0,S) subspace iedecoupied from the remaindec
of the shel-mogel space. By breaking pairs (u0), & richer bases of shel-model
sistes may be consirucied. Since the FOSM is formulated entirely in the fermion
2pace, R requires No fermion -+ HOSON MAPDING Procedure.
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3) Exploit the Grep Strvcture ¢

The Fermion Q\Juqm‘an Sqnnctt-J Model (FDSM)

A solvtion of the Spherical Shell. medel
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TABLE 1. Electric dipole transfition strengths {in 144py ong 146p,,

NB Et?.\\ \wtﬁer %w wt s>a-° thae d0 T-> T+

(e 2)
a) t
3(232/3552) B(EL)/B(El)
BY ke . I’.' > If'f \ IY 10 fa
l4bg, |
317 7" + 8" 4.3(0.9) 0.16(3) 0.33(6)x10"3
394 7° + ¢t 16.5(1.5)
509 st + ¢t 36.7(2.9) 1.06(34) 2.3(7)x10"3
116 gt + 1 2.3(0.6)
418 9= +7° 15.1(1.4) 0.43(6)  0.93(12)x10"3
302 9= + g* » 18.0(1.5)
574 1ot + gt 7.2(1.1) 1.27(36) 2.8(8)x10"3
272 0% +9° 3.8(0.9)
506 11° + 9" 13.7(2.2) 0.68(18) 1.5(4)x10"3
235 11- + 10t  4,7(1.1) :
1465, | o
204 Ll 20.0(2.8) 0.0018(3) 4,5(8)x10°8
511 57«4t e 17.5(2.8)
3258 7" + 8 27.5(3.8) 0.0088(21) 2,4(6)x10°3
390 7

-+ 6t 5.0(1.3)

')B(EZ;ZT*OY) for 1“480 - 0,23 ezbz for 1“653 = 0,29 ezbz.

>)B(£1), for 4%pa = 0.0173 e2b, for 1468a = 0.0174 eZb.
A constant quadrupole moment was assumed for each nucleus, although an
(ncrease with spin {s possible.
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Extension of transient field measurement of magnetic

moments to higher spin states

YIBRATIONAL NUCLE|

N. Koller
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E2 PROPERTIES OF THE WUCLEI STUDIED VIA REAVY-ION COULOMB EXCITATION

T.Czosnyka, ISRL: The University of Rochester, Rochester, NY 18627

A major progress, stimulated by the availability of the heavy-ion beams,
has occured over the last fiew years in the tieldAof:heavy-ion Coulomb
excitation. Recently developped experimental techniques - such as the
position-sensitive particle detectors and the Campton-suppressed Y-
detectors - made possible to perform the multiple Coulomb excitation
experiments yielding a large amoumt of high quality data which can be
acquired during a relatively short accelerator run. The data_coliected
using these techniques uniquely determine the full sets of the E2 matrix
elements coupling the accesible levels, thus providing the complete
description of the dominating electromagnetic prdperties of the nuclef. The
availability of the extensive experimental data has, in turn, prompted the
developpment of the sophististicated computer software, capable of handling
the whole information resulting from a given experimental program to model-
independently determine the electromagnetic properties of an investigated
nucleus. The sample results shown were obtained using the Coulomd
excitation data analysis code GOSIA, developped at the Nuclear Structure
Research Laboratory of The University of Rochester as the result of the
Rochester-Uppsala-Warsaw collaboration. The experimental work has been
carried out at NSRL, LBL, BNL and TLU (Upﬁsala).

*  Supported by the National Science Foundation.
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Collectivity at high spins
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N. Johnson Studies of collective behavior of nuclei at high spin

from lifetime measurements .
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Commanfs on the bandm.:rn‘n] Ca/cu/afo‘on:
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M. Hass Nuclear polarization and the sign of nuclear
deformation at high spin

Q Moments of isomeric states
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Table 1

. Summary of Q-moment measurements: the values of T, /2» & and |Q| are from previous .

experiments (see text); 'si‘n of Q determinations and P; values are from the measure-

ments reviewed here,
..~ "~ "

State | Ty /a[ns] 3 ' P Qle.fm?]

54Fe10%) 357 +0.728 0.18(5) $29.7(4)
@ 887r(8+) 1700 -0.18 0.06(2) {51(3)
"l e0ze(st) 120  +1.36 0.05(1) «51(3)
RAPIIC) 82 -0.18 - + 12
134Ce(10+) 308 -0.187 0.12(3) . 4132(12)
@ M25m(717) 170 -0.06 - +112(27)
144Gd(101) 130 +1.276 0.10(3) ®146(6)
147G4(13/2+) 22.2 -0.037 - =73(7)
@ . M7Ga(27/27) 26.8 4+0.840 0.11(2) *126(8)
47Gd(49/2+) 510 +0.446 0.16(3) «324(18)
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