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Abstraéﬁ;v .
| _Thé (§,t) and (p, 3He) reactions on 16O and Loy targets

have been-étddied using h3.8 MeV polarized prdﬁons. Thé observed

‘crosé sections énd asymmetries for most statés are weil reproduced

bvaWBA'céléﬁlaﬁibns. Howevér, of the five L = 2(S=O)vtransitions

observed; fwovexhibit asymmetriesbwhich disagreé markedly with the

other thfee ;nd with DWBA predictions.. Thus aéymmetries in two;'

nucleén trénsfer reéétions do not always appear to be simply-éharac—

teristic df the transferred quantum numbers .

The two-nucleon transfer reactions, (p;t) and:(p,_3He), have been used

in the past an only to determine spins, parities and isospins of nuclear eﬁefgy_’
levelsl but élso;to inVestigaﬁe Wéve fuﬁctioné for the states iﬁvolved.z_’3 Such:

studies have always used unpolarized projectiles. We present here a report on

N ' the first detailed examination of asymmetries produced in reactions initiated by

teristic of the gquantum numbers of the transferred nucleons. The only previously
published report of (p,t) and (p, 3Hé) reactions using polarized protonsh showed
the similarity of the asymmetfies in transitions to analogue final states—-a

result which our data confirms.

polarized protons; of particular interest is whether these asymmetries are charac-

&
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15N

We have 1nvest1gated the (p,t) and (p, 3He) reactions on l6O'and
gas targets. The reactlons were 1n1t1ated by 43.8 MeV protons from the Berkeley
88-inch cyclotron and the recently installed polarlzed-lon source. > The external
beam of 30-50 nA, with polarlzatlon IPl 0. 75, had an . energy spread of ~'lOO keV
Emltted partlcles were detected in two AE - E counter telesc0pes p051t10ned
symmetrlcally on .opposite 31des of the 1nc1dent beamn. Standard particle-identi-
fication.techniques6 were used to separate the reactlon products, an overall
energy resolutlon of ¥ 150 keV was obtalned Slnce the d1rect10n of the 1n01dent
v beam polarlzatlon could be reversed at the ion source,»the procedure descrlbed

in. Ref. T was used to’ extract the analyzing power, A(G) from the measurements,
thereby mlnlmlzlng effects caused by 1nstrumental asymmetrles. The beam polarl-
zation was monltored continuously w1th a hHe polarlmeter calibrated from recent
p-hHe polarlzatlon measurements.9 | |
In general, atvforward angles (9l b 666) the angular distributions of
-dlfferentlal cross sections for (p,t) and (p, 3He) reactionsVare‘characteristic
f the transferred orbital angular momentum L and are reasonably—well reproduced
by calculatlons Wthh use the distorted-wave Born approx1mat10n (DWBA) If the_
.reaction may proceed by more than one set of transferred quantum numbers (L S
and J), the process is described by the coherent sum of tran31tlon’amp11tudes
characterlzed by the same J but different wvalues. of L and S. The extent of the
1nterference between these amplitudes depends upon the strength of spln-orblt
coupling in"- the entrance and exit channels, the sum becoming inccherent in the
absence of such coupling. It has been suggested that prev1ously reported incon-:
51stenc1es 1n the ratio of cross sections for certain mirror trans1tlonslp might

be due to partlcularly strong interference of this type.

In”our eXperiment, the observed asymmetry of the reaction products, as

e

<
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parameterized by the analyzing power A(8), is expected to be very sensitive to

' the strength of spln-orblt coupling and the interference effects arising from it.

Sixteen tran31tions were observed of which eleven corresponded to unique sets of
transferred quantum numbers. Since ail L-values, L < 3, were represented, it
was hoped that these unique transitions might define characteristic shapes for
angular distrlbutions of the analyzing power so that the abllity of the DWBA
calculations to reproduce them could be tested. If these simple cases were suc-

cessfully reproduced then interference effects could be studied for the other

,transitions_which-involve superpositions of amplitudes for as many as four sets

of trensferred_quantum numbers . Initially, the most interesting cases uere the
mirror (p,t) and (p, 3He) reactions leading to the S/Qi states at 7.38 MeV in
13N and-T.SS'Merin 13C for which an uﬁexpectedly smail'(p,'BHe) cross section
had prev1ously been reported

The detalled results of this experiment and its analy31s will be published
later.ll However, a very striking result has emerged which prompts us to write
this 1etter. Five (p, ) transitions were observed for whlch the transferred duan-
tunm numbers~are‘L=2 and S=0. Although these quantum nuﬁbers are the same for
all five cases; the measured analyzing powers do not have the same angular dis-
tributions.. Tbey appear instead to be of two distinet types, one which agrees
well with DWﬁA calculations (we shall refer to this as the "normal" type) and one
which doesnnotl("auomalous" type). This is particularly surprising in light .
of the success we have had in reproducing the shapes of the analyzing—power angu-
lar distributions for transitions with-other L-values, and in fitting cross sec-
tions for all transitions, including the "anomalous" ones. |

The observed cross-section angular distributions for the five, L=2, (p,t)

' s 120 - i
transitions™~ are shown in Fig. 1 together-with the distribution for the L=0

ground state trahsition,'l60(p,t);¥0.V Measured analyzing powers for the same
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transitions appgar in Fig. 2. The DWBA calculations Whose;resﬁlts appear in bothi
figures utiliée@?qptical model parameters taken fromséiéstic;scattering data which,
for the protéss, included polarizatién measurements. -(Sbecificall&,‘the protoh |
parameters fsf oxygeh were from 43.1 MeV scatteringl3 on }60, whils those‘for

nitrogen came from L0 MeV scatteringly oﬁ'lac; the mass-3 parameters were

5 1L

N at 29 Mevi®

obtained ffo¢{3ﬁé'elastic scaftefing on 12c at 30 MeV} vand
respeétively;);gihe results sf two'separate'calculations are shdwnAwith each
angular-distfiﬁﬁsion. They differ only in the éhoice_of’the form factor used to
describe the.rsdial wave function of the transferrealnuCIeons; both assume av |
zero—range'i‘riffer,:a‘;ct:'Lori.l‘7 The sbiia‘lihe is the result of using harmonic oscil-
1aﬁorlane fﬁncﬁions for the transferred nucleons, transforming to relativs and
center—of—mass coordinates, and matching at some large radius in the cm system‘
to a Hankel fﬁﬁsfion which produces an asymptotic form corresponding ts the known .
two—nucleon‘ﬁinaing energy.18 The dashed line represents the results of calqu—
lations‘whiéh:uss Woods—Ssxoﬁ wave functions for bothfpsrticies;l9 thbse showﬁ
assume eachfﬁsrticlé is bound bybhslf;the total binding:energy, with s Tﬁoﬁas f
spin-orbit fsp€0r, ASOA# és. | |

Theswave.funcfions used to describe the initialsand final nuclear states
involved on;j 1p—shell configurations with spectroscopic. amplitudes taken.fromlthe
work of Cohsh and Kurath.20 .Since only bné'2+~state with this'coﬁfiguration is pre-
dicfed to occur below 10 MeV in l)40, the same wave functions were used for the
three 2+ states observed in that nucleus. The effects of sd-shell configuration-
mixing will;be discussed subssqnently.

Thé.agresment between calculation and experiment is seen tovﬁé good for

the differential cross section data'in Fig. 1, and there is also reasonabie success

in fitting those observed transitions which are not shown. Similar agreement is
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seen in Fig. 2»for the 1=0 and "normal" L=2 transitions; and again this is typical
of the fits for all of the unique transitions. This snccess makes the disagree—
ment with the analy21ng powers for the. anomalous" L=2 tran81t10ns all the more
striking. It must be emphas1zed that this is not 51mply a disagreement with theory
but that there is a s1gn1f1cant discrepancy-~virtually opposite phase in their
analyzingvpowersé—observed;betWeen transitions in the_sameanucleus which are
cnaracterized'oy'the same transferred quantum numbers.

In attempting to understand the 'anomalous" transitions, we have examined
whether it is poss1ble to reproduce their analyzing powers by making the fol-
lowing variations in the calculations:

i) Optical-model parameters. It is possible_by varying the geometrical

parameters to make minor 1mprovements to the. analyz1ng-power predlctions for the

"anomalous" transitions but this was always found to be at the expense of worsen-

»

ing the agreement to the'cross—section data. Since the agreement for other tran-

,31t10ns deterlorates at the same tlme, it seems unlikely that such varlations

could ever generate the dramatic change necessary to s1multaneously fit all of the
I=2 transitions.

ii) ~Bound-state parameters. The calculated analyzing powers were found

to be 1nsens1t1ve to all reasonable variations in those parameters describing the
radial wave functlons of the transferred nucleons; this included the strength
function for the harmonic oscillator wave functions and the 1nd1v1dual bindlng
energies used with the Woods-Saxon well. |

iii) Nuclear wave functions. For the states at high excitation energy

31gn1f1ca.nt sd—shell components are expected in the final--state wave functions.
Although the states with "anomalous" transitions are relatively low in exc1tat10n,

a study ofithe effects of such admixtures was made. It indicated that the
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‘amplltude of . the“osc1llat10ns in the angular dlstrlbutlon of analyzing powers
was dependent upon the predom1nant conflguratlon in the wave functions but that
the positlons of max1ma and minima remalned unchanged.. ’Thus,no 1mprovement rn
the fitting of anomalous tran51t10ns could be effected One 1mprovement to a
‘ "normal® I=2 trans1tlon might, however, be noted: the dlfferentlal cross section
to the state at 9 72 MeV in lho was reproduced more rellably at forward angles
when transfer from the sdeshell was assumed.

It does not appear pos31ble w1th1n the context of the simple DWBA to

15

explain both types of I=2 tran81tons. ‘Based on the N data, it is temptlng to

postulate coupllng to the spin of the re81dua1 nucleus, since the two final states
in dlffer ‘in that respect (3/27 and 5/27). However no such explanatlon could
apply to- the three 2 states in 11‘0. Dependence on the L-8 coupllng of the trans—
‘ferred nucleons cannot play a 31gn1f1cant role elther-51nce the transferred nucleons
in the (p,t) reactlon mst have predomlnantly S 0. The explanatlon may lie in the
“use of a more reallstlc 1nteract10n potentlal than the delta functlon assumed in

» calculatlons of the type follOWed here, or it may 11e in a mere compllcated reac-—
tion mechanlsm——l e. two-step, knock—out, etc. But,for these . reflnements to be_
'effective,the bas1c terms which we have considered must be reduced cons1derably v

l3N, where

in the "anomalous" transitions relative to the "normal" ones. In

p-shell wave functions adequately account for the number of states observed, the

relative magnitudes of the ground, 3/2” and 5/2° states are reliably predicted

by our calculatlons. Thus, there isvno a priori indication that the'normallf

- dominant processes should be reduced or forbidden for the 'anomalous" transitionsm
Without a better understanding of those transitions-characterized by a uni—bf

gue get of transferred quantum' numbers, eny attempt to explain the more complicated

(p,»3He) transitions must be trested with-caution. . The analyzing powers for three
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stetes topulated in the (p, 3He) reactioh are shown invFig.'3. The transition
to the state . at 7 03 MeV in 1hN is described by 1=2 (bﬁt S=l) and appears to be
of the normal" type, the others are more complex, but 1nvolve L=2 components.
Although: the state at 3.68 MeV in 13¢ is the mirror of the 3.51 MeV state in 13y
which is fed by an "anomalous" (p,t) transition, the trend of the data, ‘at least
at forward angles,ls adequately reproduced by the DWBA calculations. On the other
hand, the (p, He)‘tran31t10n to the state at T7.55 MeV in 13C corresponds to a.'
"normal" (p,t) trans1t10n to 3N however, its analyz1ng power is not well repro-
duced and is small at all observed angles, in contrast to most other strong tran-
sitions. Thgs,it appears that the inconsistent cross-section ratio previously
noted for thiéjstate may well be due to a strong cancellation»between the ampli—
tudes involved. Whether this cancellation can be reproduced by changes in the
model wave funetion, or whether it-dependS"upon.an'ﬁnderstanding of.the "anoma-

lous" transitions is presently being investigated.
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FIGURE CAPTIONS

Fig. 1. Differential cross sections for some transitions from the reactions

160(p,t);§

0 (iabelled a) and 15N(p,t)l3N (labelled b); Each transition is
denoted by the spin and:parity of ité initial ana final states, and the exci-
tation enérgy of the latter. The results of DWBA calculations are shown with
each angular distribution; the solid line corresponds to the use of harmonic
-oscillaforvwave functions for the transferred nucleons, while the dashed line
indicateé WQods—Saxon wave functions were used.

Fig. 2. Angular distributions of anélyzing powers for the same transitions as in

Fig. 1. The curves and labels have the same significance.
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-~ Fig. 3. Angular distributions of analyzing‘pOWers for three transitions from the

reactionéié)fi60(p, 3He)1hN and  b) 15N(p, 3He)léc;;.The caiculatiéns shown
‘used hafﬁéé%& oscillaior wave'funétions for the‘ﬁgénéferred nucledns. In"
addition”té_ﬁhe excitation energy of the final st;tés;'each tranéitidn is
marked wi%ﬁ.ifé contributing sets ofbtransfefred quahtum numbers (L § J).
The initiéif'and final-state spins for these transitions are: 7.03 MeV

(0" -+ 2f),>3;68 MeV (1/2° + 3/27), and 7.55 MeV (;/é“_+ 5/27).

[
W

&

»
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Cross sections for reactions:
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- Asymmetries for r‘eoc’fion's.:'
(a) O(p,t) "0
(b) ‘15

L_= 21 ",Normol" type

r Rt
04l (0) O'—2"(778 MeV ) -
A I P9s "Tj IS
S t
-0.4F - - -

L=2 "Anomélous" type L, . .
. JER (a) O —=+(2)(9.72 MeV)
(o) O—2 (6..‘39Mev),'04 - : :

X3L706-2059
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