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© ABSTRACT
. The elastic and inelastié scatﬁering.of polarized protons froﬁ 90Zf,
92Zr, and 92Mo has been studied at 20.3 MeV. Aéymmetries for the firétv2+
states in 90Zr and 92Mo are very similar; the 92Zr ot asymmetry is quite“
aifferent_from theée, especially at large angies. The asymmetry for the
%2, 0, _ R

first 3~ sﬁate in Zf resembles the Mo. 3" date more cldsely{. Micro-
scopic-model calculatiéns for the 2t states with and without cqre—polarization
coﬁtfibutidns give poor.fits to fhe asymmetry data, though cross Séctipns.are
wéllvfitted. Mécroscdpic-model calculations_with the full Thoma§ form'ofvthé
defbrmed SPih-orbit potential giVE a bettef fit £o the,2+ daté and duite |

closely predict the 3~ asymmetries.
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I. INTRODUCTION
Reoent_attempts to interprét asymnetries'in the inelastic scattering

1-5

of polaiized protons have been only partially sncoessful; B The predictions
-~ of tne distorted-wave BornbaoproximatiOn‘or oo&pled-channeis métnods.were
reasonably accurate for 2+_énd 3" states in 56Fo and the nickel isotopes:at '
energies.between'18.6 and 4O MeV. A macrosoopio'de5cfiption wasiused; the

v good results were obtained.only by including real, imaginany, and spin-orbit
terms in the form_factorsj This model was unable, howevei, to reproduoevthe
larée asymmetries observed after excitation of the first ot state in.520r and

5 5k 56

Fe which have 28 neutrons. (Thévdifferences between ~ Fe and Fe have re-
.cently'been verified at 19,6 MeV.u) The fact fhaﬁ.neighboring nuclei exhibited
13such_lafge differences in asymmetries‘suggésted that a nicroscopic analysis was
necéssary. Howéﬁer, on:the_assumption’of-Simple configurations for the states
involVed, the miofosoopio form factors closely resénbled the real central part
~of fhe maoroscopic fofm factors; neither fhe cross sections nor fhé asymmetries
were wsllﬂfittedf | | |

Some of the pfoblems in the microscopic analysis may have arisen from
the neglect of collective correlations in tne,wave functions. Love snd Satchler5
have recently shown that core polarization (CP) can account for a isrge part of
the‘cross section to states which are predominantly simple configurations. In
their phenomenblogical model, a macroscopic-type form faotor~is édded to the
diroct (D) microscopic form factor;.its strength is proportional to the effec:
tivsicharge'détermined-from electromagnetic decay rstes. The nodel‘has been
sucoeSSfully spplied in‘the analysis of differential orosS'sections.for ‘the

90 2

excitation of 2% and L* states in Zr and Zr at several energies; but it
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has not yet‘been used_in.thé ahalysis of asymmetry data. Since the CP ampiifude
contains both imaginary and spinQOfbit termsﬁénd is coherent with the D'ampli;
tude, it coﬁld producé,largevchanges.iﬁ the predicted asymmetries.

The 2% state in 90Zr at 2418 MeV is excited preddminantly by a protén
tranéiﬁion of the type [(lég/e)g; - (lg9)2)§+f;ISincé.the neutron shellvis
‘cldéed. The first 2+ state in 92Mo at 1.51 MeV is alsb expected tb be simply

. . %

described in terms of lg9/é protons. However, the ot state in “2r is chiefly

a (éd5/2

coliebtive.

)2 neutron configuration. The 3~ state in each nucleus is strongly

The macroscopic model would predict similar shapes for the differential
crogs sections and asymmetries for the o+ states and for the 3~ states in all
' these nuclei. On the other hand, in the microscopic model without core polar-
. . DU %2, ... 9, -~ 92 RPN . '
ization, variations between “Zr and “ Zr - “ Mo could arise from differences
in the p-p and p-n effective interactions, and from differenceé_ih.the'form
factors for transitions of 24

and lg_ /., nucleons.  When core polarization
5/2 “¢ “89/2 e e R o

is included these effects are decreased, since both proton and neutron core1
excitations of similar types are iikely to occur in all three nuclei. However,
the interference of the core polarization amplitudes with the direct amplitudes -

0 2
? Zr - 92Mo and 9_Zr. Differ-

 can also produce experimental differences between
encés between 9OZr and 92Mo would be expectéd to be small accofding to all
these models. | |
After a discussion of the experimental methods in Section 1T, éxperi—
mentél differential cross sections and asymmetries for elastic séatteriné and

inelastic scattering to the first 2% and 3~ statesvin the three nuclei will be

preséﬂted in Section III. The determination of optical_parametefs is described
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‘in the first part of Section IV; in the succéeding parts, microscopic and
macroscopic analyses of the inelastic data are presented. Section V in-

cludes a short summary and conclusidns.‘
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1I. EXPERIMENTAL METHOD
»All data were taken with‘the proton béém at>the Saclay seétor;focgsed
cyclotronj the enérgy was 20.25£0.10 MeV. The polarized ionbsourcevfor fhis.
machine has beén pfeviOusly described; it utilizesvthe adiabatic tfansitioh

'

'method.6 bThe néutral polarized beam is now ionized outside the_éyclotrbn_in

7

an ionizer of néw'design. The protdns are then injected into the center of
the cyclotron along the median planef8 The& follow a trochoidal path achieved
by balancing thé vertiecal magneﬁic_field‘with a horizontal electric field pro-
duced by maintaining»appropfiate véltagés on a:éetibfvéopper bars albng the
injecﬁion path.  Extrécted beams were geheraily'lO-Bd nA, with é_polarization
of T0-80%. The sign of the polarizatioﬁ was reversed every 0.2 sec. ' | |

TheAdeflectéd'béam passés fhfdugh a switching magnet and an achromatic
system of two 45° bending mégnéts fo a scattering Chambef. The béam'spét on
the target was about 2¢6 mm?; with the detectors set 75 mm away, the angﬁlaf
resolution wés £2°ﬂ A set of eight detector telescopes, eaéh‘iO° apart, vere
mounted on two movable érms on_Eoth.sides of the £eam'line; the possible
angﬁlar range was 20°-115° on the right and 70f—l65° on the left. (Note that
 becausé of the‘rapid reversal of the Sign of the-polarization? it was not
necessary to repeat the samé angle on bofh sidesi) Genefaliy, 10-12 Si(Li)
detecto:s wefe actuélly mounted during a‘run, and‘the best eight:of these were
used in collecting data. All were cooled by freon to'abbut_—25°c. The enéfgy
resqlution varied between 100 and 156 keV, of which éb¢ut750'kev.could be
attfibuted to beam spread. |

The électronics were developed here to.handlé éimultanebuély_l6 AE-E

~ telescopes, two beam intensity monitors and a polarimeter. Thus a total of
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40 ﬁreamps were cénnected difeétly to Qaéuum‘feed-throughs on two sides of the
L5 cm.hexagonai chamber. (Although no particle identification was performed
during the presenﬁ experiméﬁt, AE detectors were éometimes used tb'aid in the
parallel déVelopﬁent of Suéh a system.) The.E and AE pulses.weré summed a£ the
input of an amplifiér gaﬁéd'by a discfimiﬁator.bn the E.preamp{ -The outputs of
'éli the.(EhQE)‘amplifiers were mixed and fed into one biased amplifier, aﬁd then
into an Intertechnique 4096 - channel puise;height analyzer. The E discriminator.
ouffut served as a'rOuting signal; a éééond routing signal was derived from the
clock circuit qontrbliing the two spiﬁ sfates of the beam. Sincé only eight
teiescopés were actuallykused'during:a run, sixteen spegtra.of.256 channels
_each were recorded at the same time. Data were read out of the analyzer.on”
paper tape and‘ahalyzéd by'hénd or with peak-fitting'pfdgrams when nééessary._

TWo'aetectors placed at £O° above and below the beaﬁ served as monitors
of béam’inteﬁsity; The outputs of discriminétdfs adjusted to pass the elastic
counts from these detectors were coﬁnted both in.ungated séaléré and in écélérs
gated on only during the live-time of‘thé'énalyzer. The diffefence in the two -
results .was a measure of‘the dead-time ofvthe'analyzer. When this exceeded
aboutﬂiO% the elastic peaks in the most forward detectors were gaﬁed out of
the'spectra Pefore the analyzer. The elasticvdata fof these angles were'then
taken separa%ely at lower beam currents; Differences in dead-time aséociatéd
with the two spin—stateé vwere also monitored from fimé to time, but these were
never signif%caﬁt. : |

| The.bolariiation of the beam was cOntihuously mbﬁitored with a carbon

9

polarimeter modéled‘after the Harwell pblarimetef whose absolute efficiency

has been measured. Since the geometry and the carbon targét thickness had to.
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_ be modified to lower the counting rate in‘the detecters to a reasonable value,
some reealibration was necessery. bThe bean polerizetien measured with this v.n
polarimeter‘was compared with that measured with aque.polarimeter on an ad—
jacent beam line. The value of the efficiency was thus adJusted from the 0.57
of the Harwell polarimeter to O. 55+O 03.

The targets were all about 1 mg/cm thlck they were obtalned from ORNL.

Dy Ro ang P

The purities of the Zr, and “ Mo targets were 98, 93.2, and 97.6 percent

respectively.

III. RESULTS
Asymmetry data.for the firs_t:2+ and 3~ states in these nuciei_are shown
in Figs._l‘aud 2. The asymmetry is normalized to 100% beam polarizetron, end
is-defined as follows: |
B "+ - o

:The guantity'PB is the measured polerization of the beam; 'N+ and N_‘are the
~counts in a -given peak for incdming protons with spin-up and spin—doWn re- .
spectively. The.Basel sign convehtion is followed.

The errors shown are generally purely statisticai ~un1ess-there was
difficulty in‘peak separation. The latter contributes s1gn1f1cant1y only to

90

the error in the 7 Zr 2% data, since a 57 state llesleO keV away. Two in-
dependent peak- flttlng programs used to extract the data for th1s peak gave
con51stent results. As a check on pos51ble systematic errors from one run’ to )

the'hext, data for lQC and 16O were repeated frequently, w1th cons1stent resultsf
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The- carbon data agree only qualitatively; howé&er, with those reported by
Craig ét al.lo at the same energy; thé diséféﬁéncies‘cénnét bé explained;by
an efrbr in the absolute ndrﬁalization of the polarization but may be due to
resohaﬁce strﬁcture. The data for l6O'agree’well with that reported by v
‘”BOSéhitz et al. at 20.7 MeV}ll Hoﬁe?er; Love et al.l2 have recently suggested
there is a fesonance in p } O16 scattefing at 20.3 MeV. Polarizétién data ob—.
: .taihgd fof elastic,scattering from uoéa.inbthié same series of experimeﬁts is
consiéfent with data receﬁtly obtained atherkeléy at.thé same energy.15

Croés sections are shown in Figs.'3-5,jtogether with theorétical curves
deséribed below. ’Errors of tiO% have genefally been assigned. This is larger
’thaﬁv%he'statisticai errér,'but it ié;a‘conservatiVé;estimatelof the repro;.
‘-ducibility of tﬁe data points at angies where cross sections were'meaéured 5y
several counters. .(These errors’arise primarily'from differences in solid.
angle and deteétor efficiencies and did not affect the polarization measlre-
ments.) It was not convenient to obtain absolute cross‘éections_sincevno.

_ v . ,,92

Faraday cup was used. They have been measured previously for P ana Pzr

at nearby energies.l_’:_L5
The most interesting feature of the data in Figs. 1-5 is the remarkable

similarity in the results for 90Zf and 92Mo compared with those for 922r.
90 92

Mo curves

This is most noticeable in the 2t asymmetry data, The Zr and

92

overiap almost exactly within the errors, while the 7 Zr curve goes oﬁt of

phase at larger angles and includes an extra maximum at 140°. At the 70°

92 90

maximum, the Zf asymuetry is also somewhat smaller than that for ~ Zr and

92

Mo. - This corresponds to the peak for which large‘differences were obéerved

‘between )hFe and 56Fe at 18.6 MeV (and 19.6 MeVu); for both the A ~ 60 and
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A~ 90 nuclei, it is the predominéntly neutron excitations which yield smaller

-asymmetries than the predominantly proton excitations. The differences in

S5k 56

differential cfoss sections bétween Fe and ~ Fe noted earliér are aléo

mirrored here. The relative ¢ross section for 922r is considerably smaller

than that for 90Zr - 92Mo at large angles if_the curves are normalized at 4O°,

just as the large-angle cross section for 56Fe_"is relativeiy:smaller than that

for 51LFe. Differences in the shapes of the 2% cross sections forigOZr and 2°zr

14-16

have been found earlier at several energies.

92

Variations between 90Zr - 92Mo and 7 Zr are seen in the data for evén

the collective 3~ states. The 92Zr asymmetry is about 8° out'pf phase with

,90Zr at the last maximum, while the 92Mo asymmetry is in good agreement with

90

Zr. There aré also small differences in the shapes of the cross sections at

) both forward and backward angles; these have been noted also-at 12.7 MeV.16

Since the U™ state in 2°Zr is almost degenerate with the 3 state, it might

account for some of the large angle differences although it is unlikely to be '

92 9

0
Mo and Zr_are

90

very similar also indicates that the contribution of the L~ state in

~significant at small angles. The fact that the 3~ data for
Zr is

not important.
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'IV. ANALYSIS

A. Optical Model Parameters

The optical-model parameters were determined from an analyeis of the
velastic crossﬁsection and_polariaation'datavtakeh concurfently“With the in-
'elastio data described above,i fheHSearoh code MERCY, a modified version of
.SEEK,17 was used.v.The_definition'of theloptioal"?otential and the seafch pro-
cedures efnployed'are'Standard.l .Errors on thelcrose sections were uhiformly
setlat +10%; 'the errors on the pdlarizatioh were statistical unless these
were vefy small. ‘Correctiohs afising from the fihite angular acceptance'of
the detectors were not 1nc1uded d _

" Good fits to the 18 6-MeV elastic scatterlng data for nuclei with A ~ 60
have been obtalned 18 by adoptlng several sets of flxed geometrlcal parameters
hfor ‘the central potentlal The parameters of Perey (r =r = 1.25 F; as 0. 65 F;.

I

a;6'= a, = 0.47 F) and those of Satchler (r - 1.2k F; ro=1.28 F; a_ = 0.65 F;

.aI = 0.50 F; aso = 0.kp F) were about equally successful although the latter

.gaVé better fits to.the inelastic data. The spln-orblt radlus‘rso found‘w1th

both;sets was generally about 10% less than thevreai radius r_.
‘These'parameters were tried for thevpresent data, but only the second

set gave reasohable agreemehtf HThe aVerage yalue of rsé was again about 10%

less than rs; the values of XE/N ranged from 5-7. Very good fits were finally

obtained by searching on all parameters at once, starting from the bestb"Perey"

and the best "Satchler" sets_and several‘others.. All_initial.values gave the

: same.final-results; these are listed ih Fige, 6-7. Note that‘the best-fit

. parameters for'the'three nuclei are quite similar.- The'largest‘variationsz

are cbserved in the value of rso,_but the average value is again smaller than
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r by almost 15%. The’improﬁeménﬁ in the fit with the best-fit parameters is
due chiefly to the increase in éI. This was found to be tfue also in thé
analysis of 18.8 MeV cross séctibn results by Gray et-a.l'.llL

Atfempﬁs were ﬁéde ﬁd impréve theéé fifé Byiintroducing éome volume
.absorﬁtiOn, and also by inclﬁding an imaginary sPin-orbit term. As e%pecfed;
an incfease in volume aﬁsorptioh feduced the surface absorﬁtion by an equivalent
amount, but the quality of thé”fit rapidly deteriorated. On thefothér’hand?
fits almost as good as those of:Figs. 6-T could be .obtained Wifh én'imaginaryi
spiﬁ—orbit'ﬁerm of -1 MeVistrength after small adjusfments of thé other.param;v

.eters. The best-fit value of WSO was still Very close to zero however.

B. Reaction Modélsv

The inelastic déta have been analyzed with the Oxford coupled-channels
19 o ‘ , .

program, using both macroscopic and microscopic models;

1. . Microscopic Model

This model has beénbdescribéd in detaillby several aﬁthors;eo The
- incoming projectile is assumed to.interact with the valence nucleons of the

" target; the potential is of the form:

Vij(r) = - (V6.+ V1 ci'- fj) g(1rij]),..: ‘.. ' .(1)

In the present work, g(]rijl) was taken as a Yukawa well of range 1 F.  Con-
~tribﬁtions of spin transfer S=1 were not included (i.e.;.Vi was set to zero).

Asymmetries predicted with S=l have_previously been'shownl_to be very similar

to 5=0 asymmetries for simple configurations, and the interference befween
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S=0 and S=1 is small. Nucleon-nucleon tensor and'spineorhit forces should
v also be included ih‘(l), but celculations_with these tefmsvare not yet possible.
The effects of the antisymmetrization of the projectile wlth.the target nucleons
have also been neglected. vThe knockout-exchange amplitudes have recently been |
shown fo he large,21 so that calculations of aSymmetries wiﬁh these‘tefms‘in—
cluded would be of considerable interest |

The mlcroscoplc—model predlctlons assumed a (nlg9/2 §+ conflguratlon
for the 2.18-MeV state in 2 Zr and a (ved

5/2 2+ v
92Mo is supposed to be a mixture of 82%

conflguratlon for the 0.93-MeV

state 1n_92Zr. The l.51-MeV state in

(n2pl/2 O+(ﬂlg9/2 2+ and 18% (ﬂlg9/2 g+, as suggested by‘Auerbach and Talmi.o2

Calculations of energy levels for the 2+ and higher states of these conflgura-

tlons give good agreement with the data. The admixtures of other conflguratlons, :

90Zr -

and espec1ally of neutron configurations in

%,

92Mo and of proton configura-

'tions in “7Zr are difficult to determine experimentally. However, the admixture
o+ in the ground state of 90 Zr is only about 2. 5% which 1nd1cates

23

of (v2d5/2

_ Further, the (p,d) work of_Ball and

Fulmer e also indicates that the (lg9/2 12d5/2)2+ excitation lies at 4.22 MeV

n 90Zr, and thus should not be expected to mix strongly with the 2.18-MeV
92Zr, there is evidence'” that the 2% state of the (nlg9/2)

figuration lies at 1.85 MeV, less than 1 MeV away from the 0;95 MeV (v2d

level. 1In con-

)2
5/2'2
state. Also, the spectroscopic factor?h for excitation of the 0.93-MeV level

n 91er(d,p)922r_exheusts only about 70% of the sum-rule limit. Thus this
state is probably less pure.

It is clear, of course, that these conflguratlons are not pure, since

*the B(E“)'s determined from the electromagnetlc transition rates are larger
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thah the single particle estimates. The effective charge has been found to be

(2.41%0.5)e for the 9% 2% transition and (1.83%0.15)e for 92Zr;5 the B(E2) for
92 ' 90

Mo is SIightly 1aréer-than that for Zr.25 To include these effects of core

excitations in the microscopic description of inelastic scattering, Love and

5

Satchler” use a fcrm factor with two terms. The direct term arises from the

siﬁple configurations:
I(l> (r) = u(r.)u(r,) .(r,r,)r.gdr. o - (E)Y
L S BE-h R A B ALt Sk B
Heré uk(ri) is the wave function of the valenée‘particlé boundjin a Woods -
Saxon well, and gL(r,ri) is the Lth tefm in the multipole decomposition of
g(lrijl) of Eq. (1). The éecond term arises from the assumed surfacevvibfa- :

tions of the core:

{2 (z) = (i, L ACETSAINENRRINCE (3)

* where’ V_ 1is the strength of the direct interaction of Eq. (1) and k (r )

which determines the shape of IL( ), is proportlonal to the radial derivative

of the optical potential. ' Thus. k.p contains a complex central term and a
deformed spin-orbit term (DSO). The product yL(Q)(k ) is a number which can

be determined from the effectlve charge Cors’

(e e - ;) (0 zeaglr Fln, 2 lal>

vy (e)Xk) =
. _3Z eR L
c cC
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Here‘ei is thé charge on the valence particle, Zc is the charge of the core;
‘and_Ré is the Coulomb radius. The matrix element (riL) is evaluatéd with
fhe‘Same Woods-Saxon wave functions used in Eq. (2). In the calculations which
follow, all parameters are the same as those used by Love and SatChler,5 with
vthe exception of £he optical parameters. The strength Vé was set to 80 MeV.
The predictions of the.miCroscopic model for the asymmetry fOilbwiﬁg

90

excitation of the 2% state in ~ Zr are shown in Fig. 8. It is clear that they

are far from explaining the data. The predictions with only the direct term
oy e 90, 5k 6 et vhs
(D) for 7"Zr are similar to the D predictions for - Fe at 18.6 MeV which were
 also unable to account for the 1afge poéitiﬁe asymmetries. Unfortunately the
éddition of core polarization does not improve the fit. 1In fact, if the de-
férmaﬁioh of the spin-orbit term is neglected (i.e., if the derivative of the
spin-orbit term in the optical potential is not included in K, in Ea. (3)),

the fit is cdnsiderably worse.

92

Some.prédictions for Zr are shown in Fig.’9.- The D curve is again
in poor agreément_ﬁith.the data. it»ié interesting to note, however; that the
oséillations in this curve have-iarger amplitudes than in the 902r D curve.
The differences betﬁeen fhe two curves arise partly from the differences in_

. the form factors and partly ffom the small differénceé in the optical param-
.eteré;tboth are significant. With the addition pf CP, of normal strengfh,‘the
predictions fo: 92Zr are again in worse agreement with the data; this curve
is not shown. It is only by artificialiy increasing the strength of the de-
formedkspin-orbit term in fhe,CP part of.the form factor that the reasonable

agreement between theory and experiment shown by the solid curve in Fig. 9 is

. achieved. - Even such extreme measures are not sufficient for 9OZr,_chiefly
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!

'because the magnitudes of thé experimenfal asymmetries at the firét two méxima
are larger{

| Fits t§ the data for 2Mo are not shoWﬁleThe'b predictions are very
similar té the D prediections. for QOZr, sinée‘tﬁé fdrm factors are éssumed’to
be the éame. ‘Prédictiéns for the cross Séétidné in éhe:miéroséopic ﬁodel'arel
alsb th illuétrated,'sinéeAvery similar predictions have Beén shown before.5
Theﬂfits afé generally ggod, comparable to the best of those shown»in Figsf_
%-5. However, they are unablé to match the differénce in‘backéangié beha#ior

90 92 92

betweeﬁ 7r - Mo and 7zr.

C. Macroscopic Model

For collective statesuthé'macrosc0pi¢ modei’ofténiproﬁidés.an accurate
deséription of both difféiehtial‘cross_se@tiéns_éndvaéymmétries.' Even fo:-"
stéfeé_for whicﬁ:the microscopic model:wéuld'seém;afpfopriafe;'itvoffen |
hapbens-that the’collective model prediction-is in better agreement wifh'thé
data. | |

Predictions of this model which has been'described at lengfh”in ﬁhe B
vliterature are shown‘in~Figs. 10-11. The wvarious curves éorrespond:to_cal-
culations with different fbrm factors. ‘The form factof is "Réal" if only
" the real central term_bf the optical potential is deformed; ;if is "Complex"
if:both_the real and imaéinafy ceﬁtral terms are defofmed. 'The.“Compléx + .
Dsd“'célculations'includéd the deformation of theieptife'optical potentiai;l
thé'"Full Thomas" curves are deséribed'bélbw; Coulme excitétioh vas included

in the calculation of all these curves.
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For the 2* asymmetries of Fig. 10, the addition of the imaginary and
spiﬁ-orbit'terms to the form factor each impro#és the fit, out the "Complex
'+ DSO" prediction is still»not’bette_r than the predictions of the microscopic
model. The cross seétions:(Figs. 3-5) shoﬁ abpreference for real coupling
only. (The "Complex + DSO";crOss-éectidn predictions are very similar to the
"Complex".curves.) The agreement is then‘quité gbod for Ozr aﬁd 92Mo, but
the-922r crosé seétions are Poorly fitted.

'The-collecﬁive-model predictions fOr‘ﬁhe 3~ aéymmetrieé sﬁown'in:Fig.
il are considerably better. Again, the best fit is obtained witﬁ the ‘entire
opﬁical potential deformed. Some problemS‘remaiﬁ at forward angles; ‘the
Py asymmetry also is not well reproduced around T0°. The fits to the cross
.sections are also fairly good'But it:is necessary to notg that real coupling
again gives better agreement. |

The deformed spin-orbit term which has been uéed thus far is propor-
tibﬁal to‘the radial derivative of the spin-dfbit term in the optical pbten—u
tial; ‘Recently Sherif and‘Blair26 haVe shownvthat thé fits to;higher;energy
ésymmetfy data could be improVed, especially at forward angles,'by inclﬁding
the derivativés of the‘anglé;dependent tefms as well. Thesé terms arise‘if
the "Full Thomas" expression for the spin;orbit ﬁotential is uéed, iﬁ analogy
with the spin-orbit potential in stoms:

2 v -
Yo < (a5 ) Vo2 [TOOD < 2]

s

where p(r) is the nuclear matter density. The introduction of this type of
spin-orbit potential does not affect the‘elastic scattéring analyses, since

~ the targets have zero spin, but it‘does'affeCt the inelastic_sCattering.
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Calculations with'the'full Thomas term have beem eerried out. by
Sherif for the present data; they are illustrated in Figs. 10 and 12. TIn
each case the extra term brlngs a dlstlnct 1mprovement in the flt The effect
1s most clear for the 2+ where the increase 1n magnltude at the first maximum

92

is almost sufficient to match the data for 7 Zr. - (The'deformation parameter

680 for the’ spln orbit term was set to 1.5 8 " for this calculation: )

central
The b fits are also considerably better mow at Torward angles and not worse
at larger angles; the oVerall’agreement'is very gon.

‘The effects of including an imaginary term in the spin-erbit petentiel
were also explored. The predictions fer the 2+ stete in 5uFe were found to e
‘ quitemsensitive to such a_term; but the elastic scattering wés‘not weiltfitted
when it vas included. If an imhginary spin-orbit berm ef-strength -1 MeV vas
Simply edded to the potemtial of Table I, the’bredieted amplitqdes of the

9?Zr were greatly increased. ‘Although the

asymmetries for the 2% state in
détailed‘shape was not well reproduced, the agreement in magnitude-was good .
However, when the.other parameters were adjusted slightly to retain the fit

to the'elastic‘scattering, the effect of the imaginary spin-orbit term was

‘much smaller.
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v. CONCLUSIONS S
The results of this study of the asymmetry in the inelastic scattering
9 92 92

of polarized'pfotons~froﬁ OZr; Zr, and ““Mo atre qualiﬁatively similar to
thoseifeported eaflierl for nucléi with A ~ 60. interesting.variations in the
2+ cross séctions and asymmetries were bbser#ed‘which microscopic-model cal-
cuiations were unable to predict. ‘On the othér'hand,”good fits were obtained
to the asymmetries for the collective states; in this case fhe 3" states, with
a mac?oscopic model.

| The additibn 6f é éore4§olarizatidn term to the microscopic‘form factor
did nét'imﬁrove the agreement wifh the é* asymmetry data, although it mustvbe
included to account for at leasﬁ the magnitude of the differential cross Sectibns.
' The éffect.of the CP term was investigated with two different opticai ﬁotentials
which'gave very good fits to.both the elastic cross section and asymmetfy data.
it is,ppséible that Withvsqme adjdstment of these‘pérameters better fits to the:
inelastic asymmetries could be found, but good agréemeﬁi is unlikely ﬁithout
‘large chaﬁges in the pafametérs. The-disagréemént.should-then be ascribed to
the microscopic treatment itself. The effective force is real and it lacks
tensor and spin-orbit terms. The fact that»the deformations of both‘the
imaginary and spin-orbit terms iﬁ the collective_ﬁodel increase the predicted
asymmetries may be interpreted as evidence for similar terms in the effective
‘interaction. H§wever, a nucleon-nucleoh spin-orbit force does not neéessarily
have the same effect as fhe deformed spin-orbit term. The neglect’of-the
knockbut-éxchange amplitudes may alsq be importént, although preliminary cal-

27

culations by Schaeffer indicate that the asymmetry predictions'arevnot-sub-

stanﬁially improved when these amplitudes are included. Finally, the
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phépomenological‘treafmenf of the core;poiariiation may not be sufficient,fof
the analysis ofvasymmétry data. |
In fhe macroscopic—modél analysis, the fits obtained to the 2% data
were equally poor unless the defbrmation of the full‘Thomas form of the Spin—
orbit potential was included. .Evenvthen the agﬁeement'ﬁaé not satiéfaétory,-
but it might Dbe imprbved with éome'smali éhanges in the optical parameters.
' Coliective—model predictions for fhe 3" asymmetry data were good except at
v.forwalrdv-angles without the full Thomas term. When this was _incl_uded," the

agreement at all angles was generally very good.
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Table I. Best—fit optical-model parameters for 20.25-MeV protons.

5
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FIGURE CAPTIONS

Measured ésymmetries, normalized to 100% beam polarization, as a function

 of cenﬁer-df-méés'séattering angle. The error bars are relative; the

lines are visual guides.

Measured asymmefries for 3~ states. The lines are visual guides.

90,

Relative cross sections for ~ Zr. The curves are macroscopic-model

" predictions described in the text.

92

Relative cross sections for Zr. The curves are macroscopic-model

predictions described in the text.

' g . 92 - S .
Relative cross sections for “ Mo. The curves are macroscopic-model

predictions described in the text.

.Elastic-scattering cross sections and optical-model predictions with

the parameters of Téble I. Thé normalization was a frée parameter.
Elastic-scattering'asymmetries and optical-model predictions with the
pafameters of Table 1. o - o

o .
9 7r. The

Micfoécopic-model‘predictions'for the 2.18;Meﬁbé£ate in
curves'wefe.computed‘with é direct.ferm only (D), an& with both direct-.
and éore-polarization‘tefms (b + cp). In‘thé laﬁter, the deformed spin-
orbit term (DSO) was included or néglected." |

92

Microscopic-model predictions for the 0.93-MeV state in.” Zr.  The

notation (DSO X 5) means that the strength of the deformed spin-orbit

term was increased by a factor of 5 relative to the central terms in

the CP form factor.

Macroscopic-model“predictions'for the 2+ states. In the calculations

central’
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Macroscoplc-model predlctlons for the 5 states
The effect of the angle-dependent term in the "Full-Thomas" expression
of the deformed spin- orblt potentlal Both calculatlons are the same

except for this term, ﬁso was set equal to Bcentral
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