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“»thbstract
| 'lAnalyzing-powers and cross'sections have been measured for elastio'
and inelastit‘scattering of 24.5-MeV protons fron:ZONe and ZzNe,‘and,for :
15y, 'ZSSi;'and 329 at 30.3 MeV. The experimentai‘resuits were analyzed
in terms of the coupled channels formallsm using the rotational model'

32, 20,

'f'and (for S and O) the v1brat10na1 model. The results for Ne,

_zzNe;'and'Zssl show a systematlc trend of the hexadecapole deformatlon;

20Ne and 22Ne and an oblate shape for: 2881 are con-

: Prolate shapes for
flrmed ' The results for-st are almost equally well reproduced by the
A v1brat10na1 or rotat10na1 model and there is a sllght preference for -
theaprolate.shape for-thls nucleus.':The‘best flts_for the analy21ng
power\for all‘the’nnclei were obtained by using the full’Thomas form

for the spin-orbit potential.
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1. Introduction

In_thé past several yeérs, a large amount of‘proton elastic and
inelastic'anélyzing powef data!-*) has become available, arising from
the increase in number and improvement in QUality of polariied beam
-faciiitiés. Analysis of the analyzing po&er data with distorted-wave
Born,approximation (DWBA) codes or withvcoupled-chahnels (CC) methods
have, been reasonably successful for collecﬁive*2+.or 3" levels for
several nuclei in the f7/2‘shell, 89/2 shell, aﬁd's-dishelll). In order
to obtain good fits in the macroscopic tréatment,'it{was found necessary
to deform the real, imaginary; and spin-orbit terms in the form factor.

' Different'ways of deforming the spin-orbit potential have been used!),
 ,but have.led to almost equivalent results. These models were unable;,
hoWever, to reproduce the large'asymmetries observed for the fransi—

54Fe and 52

- tions' to the first 2" states in crl). The‘deforméd spin-
orbit potential which has been previously used in the framework of the
1macroscopic cpllective model was essentially_phenomenological,.having'
a form proportidnal to the radial deiivative_qf‘thé spin-orbit term
~of the optiéal potentiall); Problems have also abpeared in the attempt
to'déscribe thé data with microscopic models. Appliéations.of thé
_microscopic médel to these states have usually produced poor agreement -
with experiment!-3,%,6). |

More recently, Sﬁerif and Blair introduced the toncept of the
”full.ThomaSFPonﬂ' of the spin-orbit potential in the DWBA collective

model formalism’). Considerable improvements to the fits, especially



at forward angles,'weré immediately observed’). Such a deformed spin-

orbit term has now been included by Raynal in a codpled—chanhels (CC) pro-

gram®) . Calculations will bebpresented here (some of them have already
been partly published elsewhere?) for the analyzing powers obtained by

" inelastic scattering of 24.5-MeV polarized protons from the strongly

20Ne and 22Ne, and of 30.3-MeV ﬁolarized

165, 2855 and 3%s. Part of the

excited low-lying states in
“protons for}the collective states in
purpose of this work wés to test the possible improvements in the CC
analysis produced by the use of the Sherif-Blair fom of the spin-orbit
(interaction. |
A second goal of the experiménts was to invesfigate the nuclear

“structure of the target nuclei. Recent coupled-channels calculatibn$1°)
have shown thé existence of a large Y4 deformation in the K==O.+ band in
20Ne‘, and suggest the possible existence of shch hexédeéapole defdrma—_'
tion in other s-d shell nuclei. Moreover, becaﬁSevrecent (o,a' )Y or
'(SHe, 3He'.)”.) experiments have yielded large différences in "the evalua-
' tion of the Y4 deformation of s-d shell nuclei, polarization experiments
canbprovide additional information for a more precisevdetermination of
the deformations. The rotational model provides a reasonably accurate
description of the low-IYing levels ih some s-d shéll nuclei, for

20 28

instance “"Ne and " Si, but the situation is less clear for 3ZS. We

had originally hoped that analyzing power measureménts would allow a

clear distinction between rotational and vibrational models_for-the low-

32

- lying states of ~°S, but this was found not to be so.




» Since cross-section data for inelastic proton scattering on 2ONe

2BSi“’) and 16015) at 30.3 MeV were already avail-

at 24.5 MeV!'?®) and on
able, emphasié was. concentrated on the measurement of the anélyzing power.
Cross sections for-zzNe(p,pY) and 32S(p,p') were obtained simultaneously
with the polarization data and are therefore somewhat less precise.

After a brief description of the experimental method in sec. 2,
16, 20, 22, 28 ‘

_the analyzing powervdata for 770, “"Ne, ““Ne, “'Si, and 325 are presented

in sec. 3. The discussion of the optical model analysis for the different

nuclei is made in sec. 4, while sec. 5 discusses the coupled-channels

. calculations using various spin-orbit distortions and deformations. A

short summary of the conclusions is given in sec. 6.



2. Experimental Method

The experiments were performed using the Berkeley 88" cyclotron
and polarizédjion Sourcels). The source is of the atomic beam type and
uses an adiabatic rf transition and strong field ioenizer. The pOlariied-
ion beam is injected axially!’) into the center of the cyclotron and
deflected into a proper orbit by a gridded electrostatic mirror. During.
these experiments, up to 60 nA of beam weré delivered onto the target
with an averége polarization of about 75%. The beam polarization was

12C polarimeter!®), which was

monitored continuously with a standard
subsequently calibrated by accurate p;4He polarization measurements at.
the same energy'®). The beam intensity was continuously monitored With:
a pair of Si(Li) detectors placed éymmetriCally at 45 degrees with respect
- to the beam direction and was checked periodically with a Faraday cup.
The thick polarimeter target precluded the contihuous use of a Faraday
cup.

The data were taken with eight 5-mm-thick Si(Li) detectors cooled
by thermoelectric devices to about ~25§C. In order to measure asym-
metries; the tounters were arranged in symmetric pairs to the left and
- right of the beam directién. In addition, the beam polarization was
manually reversed at the source by ihverting the magnetic field of the
ionizer halfway through each data-taking run. This redundancy of asym-
metry measurements allowed us to eliminate many,soﬁrces of systématiq
error, such as those'duelto uncertainties in counter'apertures, slight

misalignments_bf the beam, and differential counting-rate effects in the

detectors and in the polarimeter??).

e e e



The analyzing powers, A, were obtained with the use of the

_formula
_1lr-1
_ A=srv1 >
‘whe%e
+ -\ 1/2
‘ : T = Lﬁff—l;; ', and -
1 . LXR . . p

where P is the measured average beam polarization, L and R designate
the number of paired counts accumulated in the left and right counters

with respect tovthe’beam direction, and the superscripts + and - refer

~ to data accumulated with the incident beam polarized in the spin up and

spin down directions, respectively{

28

The “"Si targét was a‘slightly enriched (> 95%), self-supporting

2

foil of ~ 400 ug/cm2 thickness. Data for 3 S and 160_ were taken simul-

taneously hsing a SO2 gas target. The neon gas targets were filled with

20 22

isotopes'enriched to > 99.9% for ““Ne and = 95% for ““Ne. All gas targets

were operatéd at about 20 cm Hg'pressure, which Was measured, albng
withvthé tempefature, before and after each runm.  The overall energy
resolution was. about 180 keV for the gas-targét data and'about7150 keV
for tﬁe-ZSSi data, the latter being mostly due to the energy spread of

20

the incident beam. Except for the 37, 1~ doublet in “'Ne at 5.7 MeV,

and the 2+, 4+'doub1et in 328 at 4.4 MeV, all low-lying strongly excited

states of the s-d shell nuclei were clearly separated.



3. Experimental Results

The measured analyzing powers for the low-lying excited states
in 20 ‘
an incident beam energy of 24.5 MeV. These two‘figures exhibit the
.Similarities that exist for the lowest 0 and 2° states in 20Ne and

22Ne. Moreover, cross sections to the 0+'and 2" states in.ZONe and

22,;

and at higher energy?!). This is not the case for the 4" states in
20 | | |
powefs as well as between the two cross sections. _It is also worth-
-while to point‘out the large difference between the'analyzing powert
for the first and second'z+ states in 22Ne (fig. 2). Such a large

di fference has alréa@y_beén dbsérved in the f7/2 ;hell‘),vand its -
presence suggests the need for a microscopic interpretation. Figure 3
shows the analyzing power for the K=0* rotational band in 2881, to-
gether with the strongly ekcited 0+, 2+, and 3” states in 325, while

16O. The

fig. 4 presents the analyzing power for several states in
data presented in figs. 3 and 4 were taken at an'energy of 30.3 MeV.
Here also a striking difference can be seen between the 2" curves in

fig. 3. The first bump on the 328 curve at 50° is much lower than in

the corresponding curve of 288i and resembles the shape of the analyzing

24MgI). The analyzing powers for

2853 and for the O+(g.s.) in 19 are

power taken at 20.3 MeV for
the 0+(g.s.) and 2" state in

in good agreement with other recent data').

Ne and 22Ne are shown in figs.- 1 and 2; the data were taken with

A . .
Ne, to be seen in later figures, are also very similar at our energy.

Ne and 22Ne, where large differences exist between ‘the two ahalyzing




The error bars.shown on the figures reflec; only statistical errors
unless the_lgVels were difficult to reéolve, in which case the errbrsv
were increased appropriately. Most of the integrated counts were ob-
tdined froh the speCtra with a peak-fitting progfam and were cﬁecked

for internal consistency.



4. Optical Model Analysis .

22

Sincé 2ONe and “"Ne are strongly deformed, pnly”preliminary optical
model'parametefs needed for the CC calculation can be obtained from an
optical quel search. In their analysis of a-scattering in the rare
earth regioﬁ,'Hendrie gg_gl.éz) obtained good fits for the rotational:
band cross éections by first deriVing optical model parameters frdm a
nearly spheriéalinucleus'and then using these parameters in a coupled- ,
channels Ealculation for the deformed nuclei. Such an'éttempt has been
made by trying to use the optical model parameters obtéined from an
anaiysis of the elastic cross section and polarizétion data of 160
taken from the literatUre?3), but this has failed completely to describe
the excited states of_ZONe. Instead we obtained a starting set of opti-:
cal'modél parameters from a multi-parameter search using the eléstic
~ scattering data, and‘then adjusted the parameters so as to preServe the
fits to the elastic SCattering in the coupled-channels calculations.
For 2ONe and‘nge, it was found that dniy slight adjustments of Wy,
aI, VB and ab-were needed; no changes were requiré& fdr the other
nuclei.

Table 1 1i$ts the best-fit parameters obtained from a search on
all parameters. The corresponding'fits'to the elastic cross séctions
and polarizations afe shown in'fig. 5. Moét of th¢ optical model cai-
culétions.were carried out with the code MAGALI?*). The searches in-
~ cluded an adjustment for the absolute normalization of the cross sections;

the weights given each data point included only statistical errors for

\




cross ‘sections and polarizations. The calculated cross sections and
analyzing powers were averaged over the finite'angular acceptance of
the detectors during the search. The curves shown in the figs, however,

do not include this averaging.

16, 28

The data for %0, %8si, and 3

S were taken at an energy of 30.3 MeV

-with the same'éxperiméntal equipment described in sec. 2. Because for

' 16O and 2881 only analyzing powers were obtained during these experiments,

, _
calculations were carried out using the elastic cross sections of ref. %3)

16 28

. v . ' + 4+
Si; cross sections for the 0 , 2 , and

for %0 and of ref. 1%y for
3 étatES in 3ZS were obtained simulténeously with the analyzing powers.
Very good fits were obtained for these three nuclei as shown ih figs. 6 .
cand 7. The corresponding parameters are presented in Table 1. A fit
.to.the 32g elaStic-anélyziﬁg power could be obtéined only with a vefy
smali spin-oibit radius and q%comparably lafge'spin—orbit diffuseness.
Several general conclusiqns can be drawn from the optical model
analysis for the s-d shell nuclei. We find a smaller radius (average
around 1.07 fm) and a larger diffuseness (average value around 0.73 fm)
than have previously been ascribed to the real potential. The imaginary
radius remains constant aroﬁnd 1.33 fm, about 20% larger than the real.
radius. The spin-orbit potential is both smaller By.ZO% and less dif-
vfuse.(except for 32S) than tﬁose'of the real central well. These tfends'
have already been noted in a review paper on this subject25) for
heavier nuclei, but it is interesting that they are also valid for light

nuclei. . Searches including volume absorption terms made no significant

effect.
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5. Coupléd Channels Calculations

The spectrum of excited states in most nuclei in the 2s-1d shell
exhibits a.fotational-characterzs) indicative of a pénnanent,deforma—
tion. The large static quadrupole.moments for the first excited state525)
and the results of Hartrée-Fock and’Hartree-Fock-Bogbliubov type'cal-
culations2®) also characterize the s-d shell as a region of pérmanent
ground-state deformation. Some of these calculations suggest that some '
nuclei in this region should also have a grbund—state hexadecapole de-
formation, which changes both sizé_and sign through the shell, together
with the quadrupole deformation?°-%!). Data frdm the inelastic scattering

20

of protons!®) and alpha particles’!) on “"Ne, analyzed in the coupled-

channels formalism, have shown that a large hexadeéapole deformation
(64) was needed to reproduce both the shape and the magnitude of the.

20y

cross sections leading to the lowest 2°, 4%, and 6" states in
Similar analyse$1°’11)v0f other inelastic scéttering data in the

s-d shell has shown that the Y2 and Y4 moments vary'considerably‘fhrough-

out this région. Nevertheless, considérable differences in the value

of the hexadecapole deformation By> especially in the case ofyZONe,

were obtained, depending upon the type ofrparticles psed in the scat-

tering experiments'®-1?,°2,%%).  The additional information provided

by analyzing pdwer measurements has been shown to Be helpful in resolving

such ambiguities®>3%). |

The strong couplings between states of the ground-state rotational

band required the use of the coupled-channels (CC) reaction formalism
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in order to treat adequately the multiple paths of excitation to the
excited statesas), In this formalism, the intrinsic deformation of-
the members of the K = 0 rotational band is parametrized according to

the following definition of the nuclear radius:

~ The interaction potentiél arises from the defonnation of the real and
iﬁagiﬁary-central.potentials, the spin-orbit potential, and the Coulomb
potential. .Thé various multiplé-excitation paths between the coupled
states are explicitly included, assuming pure rotational matrix elemenfs
between them. Coulomb excitation was always included but never showed
'significant effects.' All expansions are cérried to cbnvergence, SO

that the onlyvapproximations are in the nuclear model and those inherent

in the CC formalism®%).

20 22

5.1 COUPLED-CHANNELS CALCULATIONS: ““Ne AND ““Ne -

Previously reported CC calculations®>!°) on ZONé, which used a

simplified symmetrized form (phenomenological) of the deformed spin-
orbit potentiall), failed to reproduce even the shape of the observed.

20Ne. " Recent calculations

.analyzing powers for the 2" and 4" states in
have shown’that the fits to analyzing power data for less strongly coupled
_nﬁclei cén bé significantly improved when the full Thomas form of Sherif
.and Blair for the deformed~spin—orbit potential is used’). .This full
Thomas form has been introduced by J. Raynal in a coupled-channels

program using a Sequential iteration techniQue to handle the additional



-12-

\

complexity Qf‘this poténtial“) (Program ECIS 71). The results of such

calculations for 20NeAare shown in fig. 8. The CC calculations reproduce

well the measured analyzing power when the full Thomas term is used.
The curve with 84 = 0.0 shows the pronounced sensitivity of the analyzing
powef of the Zf and 4* states to the Y4 deformation. The third curve
shows that CC calculétions using the simplified symmetrized form of the
deformed Spin-qrbit potential result in a pobr fit. The corresponding
- CC cross-sections calculations, also presented in fig. 8, show the
sensitivity to the g, deformation even for the 0" (g.s.). On the other.
hand, cross sections are insensitive to the detailed form of the spin-
~ orbit potential and therefore only calculations using the.full Thomas
form are presented. While the value obtained for B, for 20Ne is in
relatively good agreement with results from alpha scattering!!,!?),
our value for 84 appears to be a factor of 2 larger, well outside quoted
errors, even when the deformation values are linearly scaled to account
for the different radii3®). Our results are in better agreement with
electron scattering results??). | |

Recently J. Raynal has performed a,coupled—chaﬁnels calculation

(using a new program that includes a search routine) on ‘the 20

Ne datal7?).
By letting all parameters vary, including the B, and 84 deformations,

and doing a search on all cross sections and analyzing powers for the
20

0+, 2+, and 4+_in

Ne, the calculations yield final B, and By deforma-
tions'equal to 0.42 and 0.27 respectively. The optical model parameters
were almost unchanged except for the spin-orbit diffuseness, which

reduced to ~ 0.10 fm.
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The . CC results for the 10West O+; 2+, and 4f states in'zzNe are
given in fig.'9. We see that the cross sections és well as the analy-

zing powers favor a rather small value for the Y4 deformation (84 = 0.05)

22 20

of ““Ne, while the value found for B, is similar to that for ""Ne.

Similar conclusions have also been obtained fromv40-MeV proton scattering

work on 20Névand 22Ne“), as well as from alpha scéttering experiments!!).

Figure.9"shows again fhat the caicuiations strdngly support the
full Thomas'form and that the analyzing powers for the 0', 2, and 4
states are very well reproduced. It has been suggested on a theoretical
basis’) that the spin-orbit deformation is greater than that of the
central potential. Following this suggestion in the case of 2ONe‘ and
22Ne,.we find the best fits for the analyzing power were obtained when :
' the ratio of the two defonnétions was taken to be 2. Comparison between
microscopic and macroscopic treatments by'Raynale) indicates that this
»ratio is»difeCtly related to the niuclear structure of the excited states

and hence some variations may be expected throughout the s-d shell.

However; no calculations have Yét been performed to predict the size

20Ne and'z

of the effect for Ne. As will be seen later, good fits for

3ZS and 2851 can be bbtained without having to increase the deformation

“of the spin-orbit potential with respect to the central potential.

5.2 COUPLED-CHANNELS CALCULATIONS: %0, 2%si, anp 3%

Previous CC calculations done on the 17.5-MeV proton inelastic

scattering data of Crawley!'?) have used oblate shapés with largé hexa-

28 32

decapole moments (84 = 0.25) for “°Si and ~°S. Even if the rotational
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8

character of the 25Si ldwest 0", 2+, 4" states is well established?38,%9)

32

-~ and the oblate shape confirmed'?,*!), the situation for °“S is much more

complicated®®). Recent measurements of the quadrupole moments of the

first excited states of even-even nuclei in the 2s-1d shell?’) brought

28¢5 (Qy <0). The sur-

Si and SZS appears to indicate

additional evidencé for the oblate shape for

prising change in sign of Q, between 20

a serious difficulty in predicting deformations of nuclei in this mass

region) Several recent experiments have suggested that the levels of

32S up to an excitation of 5 MeV are well explained on the assumption

that °2S is an almost spherical vibrational nucleus®3-*! ). Since a

28

recent a-y angular correlation experiment*?) on “°Si and a (o,a')

328 yields very surprising prolate (82 > 0) quadrupole

experiment"®) on
defornmtidn,for these nuclei, itlappears necesséxy'to analyze these data
both with the vibrational model and with the rotational model with.
oblate and prolate deformations.

| The CC calculations for the K = 0° ground state band (2° and 4+
states) of 2.8Si using both the vibrational model and the rotational
model (prolate shape) are presented in fig; 10. Aithough the full
Thomas form was used, the agfeement with the data is'poor, The CC-cal-
culations résults using the full Thomas term and rotational (oblate
defonnation).are presented in fig. 11. Very good fits to cross sections
and polarizations are obtained with a negative quadrupole deformation
BZ = —0;40 and a positive hexadecapole 84 deformation equal- to +0.10.

The values of these deformations are quite different from those pre-

viously determined19) using only the Crawley cross sections, but are
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in very good agreement With_the (a,a')?!) and (e,é')53) results and
with microscopic a-cluster modellcalculations3?), as well as with some
recent polarization data at 25.25 MeV*"). Fig. 11 also shows the sen-
sivity of the theory to the 84 deformation‘parameterl. If.84 is in-

creased beyond 0.1, the fit deteriorates quité rapidly. Since no cross

28

. + . . . ’ .
sections for the 4 state in ° Si were available, the value detemmined

for the 84‘defonnati6n is less precise; an error of #0.04 is assigned

28

to the By determined in “°Si. In addition, fig. 11 shows the results

when BSO/BCentral was equal to unlty,.compared to the_case where the

deformation léngths (BLS rLS/BCentral ro) were equal to unity. In the

is equal to 1.29. Even better fits could be
20

latter case, BLS/Bcentral

obtained by increasing the ratio up to 1.5%**), or to 2.0 as for “"Ne,
but the optimum value of 84 did not change significantly.
Coupled-channels calculations for 328 are ﬁresented using either

the rotational model (fig. 12) or the vibrational model (fig. 13). As
seen in fig. 12, it is quite.difficult to distinguish between oblate

énd prolate deformation. The overall x2 slightly favors a prolate shape
for 32S (82 >~0j, but-wﬁen only polarization data are taken into account,
vthe oblate solution is slightly better (B2 = -0.30). “Therefore, an
" assignment of‘the sigh of the deformation for 328 is.not possible on

the basis of our data. Additibn of a hexadecapole deformation 8, to

the quadrupole deformation B, has little effect if g, is smail- (up to

around 0.1), but it quickly destroys the fits to the data when it is
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increased above this value. Therefore we conclude that the hexadecapole
" deformation is absent or very small in the ground state band of‘SZS.
Fig. 13 presents CC results using a vibrational model with either

0+, 2" coupling and a deformation parameter of +0.3 for the 2+, or a

O+, 2+, and 37 coupling with a deformation for the 3  equal to +0.41.
The fits to the data are quite good, especially in the case of the
(O+,2+) coupling; they are essentially equivalent to those of the

rotational model. : — It has been suggested

from recent experiments such as (p,p')*!), (d,d")*?®) or by lifetime
measurements”*>) that the upper'haif of the s-d sﬁell nuclei may have a
spherical structure, although this behavior is not'réproduced by Hartree-
Fock calculations®°). The energy level spacings of 325 indeed show
considerable deviation from the rotational model péttern and more re-
semble a vibrational spectrum. From our data and analysis, it is impos-
sible to‘choose between rotational or vibrational structure. ‘Mbre |
precise data;‘especially for the 4" states at 4.47 Mév or for the next
0+, 2+, 4+ states which may be the two phonon states in the vibrational
model, are needed. |

Finally; the results of CC calculations for the 2' states at 6.92 MeV

and the 3 state at 6.13 MeV for 16

O are presented in fig. 14. Very
good fits for 3  state and an acceptable fit for the 2 state for this
nucleus are obtained in the framework of the collective vibrational
model with the full Thomas form and a deformation parameter of +0.50

for the 3 -and 0.2 for the 2'.
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6. Conclusions

In summary, coupled-channels calculations using permanently de-
formed nuclear wave functions reproduce well our cross section and
analyzing power data on the elastic and inelastic scattering of polariZed

20 22

' protons exciting the ground state rotational bands of Ne, ““Ne, and

‘ZSSi. Table 3‘summarizes the nuclear deformatien determined from the

2

CC calculations. Prolate shapes of 20Ne and 2Ne and an oblate shape

of 28si are strongly preferred. The situation for 325 is not clear,
.sincefthe calculations could not distinguish between‘oblate—prolete de-

~ formation or for a spherical vibrational‘structure; although the overall

best xz slightly favors a prolate deformation.

22Ne and *8si are in good agree-

Hexadecepole_defonnations found for
- ment with recent (o,a")h), (e,e')33) experiments and with theoretical
calculations®'). Lérge differences for the Y, moment of 20Ne appear
in the 1iterature; especially in scattering experiments using o or 3He
- particleé as probes’!,12), |
Finally,iwe haVe shown over a wide range of nuclei thaﬁvthe use of
the Blair-Sherif form for the deformed spinforbit.interactien, in con-
junctioh'with a coupled-channels reaction calculation, is necessary to_ .
expiain our cross-section and ahalyzing.power resultsf However, we are

gratified that calculations of the deformation parameters using simple
forms of the interaction do not greatly change the resulte. |
We would like to thank Dr. A.U. Luccio for assistance in the opera-
tion of.the'polarized source and Drs. J. Sherman andiG.R, Plattner'fof
their help during the course of this experiment. We are especially
grateful to Dr. H.E. Conzett and Dr. B.G. Harvey.fef their assistance
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© Table 1

Optical parameters obtained in optical model search.

2.78

Nucleus Search - vo ro ao wV' vwb . rI aI vLs Trs as ’Xé Xﬁ
{MeV) (fm) (fm) (MeV) (MeV) (fm) (fm) (MeV) * (fm) 7'_(fm) . _
Ope s +p  59.10 1.01 0.77 0.0 7.54 1.26 0.62  3.57 0.86 0.3 217 1290
..22Ne g+ p 58;0 1.05 0.78 0.0 7.73 1.33 0.57 3.95 0.88 0.31 31 562
i gep sz L1 0.68 0.0 6.10  1.34 0.5 6.43 0.86 0.55 261 150
25 c+p 5387 1.09 0.73 0.0 6.3 1.34  0.63 7.30° 0.74 0.91 84 98
16 c+p  43.25  1.14  0.69 - 0.0 1.36  0.86 4.31 1,11 0.5 855 -135

zZETSIAT

_QZ- .



Optical pafameters used in coupled-~channels calculations.

Table 2

Nucleus

W

Vo Yo % v " 1 41 Vis fLs °Ls

(MeV)  (fm)  (fm) (MeV)  (MeV)  (gpy - (fm)  (MeV)  (fm)  (fm)
2% 59.0 1.0l 0.75 0.0 6.5 1226  0.55 3.57 0.90  0.33
2296 57.0 1.05  0.75 0.0 6.3 1.33  0.55 3.95 0.88 - 0.31
2855 50.72 1.11  0.68 0.0 6.10 1.34  0.54 6.43 0.86  0.55
324 53.87 1.09  0.73 0.0 6.3 1.3 0.63 7.30 0.74  0.91
16y 43.25 1.14  0.69 0.0 2.78 1.36  0.84 4.31 1.11  0.45

_vz_..

zzez-1a1
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Table 3
. Values of deformatibn parameters and multipole

moments from scattering of polarized protons

.ZONe 22Ne 28Si | 32S

52 ’ +0.47 +0.47 -0.40 (+)0.30

B,  +0.28 +0.05 +0.10 -
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Figure Captions

Figure 1 Measured analyzing powers (A) for low-lying excited states

in 20Ne obtained by scattéring of 24.5-MeV protons.
Figure 2 ‘Measured analyzing powers (A) for the strongly excited

states in 22Ne obtained by scattéring of 24.5-MeV protons.

Figure 3 Measured analyzing powers (A) for low-lying collective
states in 2853 and 3%s obtained by scattering of 30.3-MeV
protons.

Figure 4 Measured analyzing powérs (A) for several states in 160'
obtained by scattering of 30.3-MeV protons.

Figure 5  Optical model predictions for the elastic cross sections

20 22

vahd-analyzing powers for ““Ne and “"Ne. The parameters

are those of Table 1.

Figure 6 Optical model predictions for the ‘elastic cross sections
and analyzing powers for ngi and 328. Parameters of

Table 1 are used.

Figure 7 Optical model prediction for the elastic cross section and

analyzing power for 160. The parameters of Table 1 are used.

Figure 8  Coupled-channels calculations (rotational model) for the
measured analyzing powers and cross sections for the first
O+, 2+, and 4 stétes in 20Ne with and without the full
Thomas form. Optical model parameters of Table 2 are used.
CC calculations with'full Thomas form:: ———82 = 0.47,
84 é 0.28; ——--_——-82 = 0.47, 84 = 0.0; — — — CC calcula-
tions with limited spin-orbit form where B, = 0.47, 84'= 0.28.




Figure 9_

Figure 10 -

Figure 11

Figure 12

0, 2, and 4" states in
‘calculations (rotational model) with and without the full

B

-27-

Measured analyzing powers and cross sections for the first

Y2 22\e with some coupled-channels

Thomas form. Optical model parameters of Table 2 were
used. CC.calculations with full Thomas form: R 82 = 0.47,
84 = (0.05; f-—-—-BZ =-0.47, 64 = 0.00; — - — CC calcula-
tions with limited spin-orbit where 8, = 0.47, B, = 0.05.

Coupled-channels calculations for the cross sections and
analyzing power for the 2" and 4" states in 28Si'with full
Thomas form. Optical model parameters of Table 2 were

used. For the rotational model: — B, = +0.40, B, = -0.10;

| i-—-—-sz = +0.40, B, = 0.00; for the vibrational model:

— x — x. The cross section data are from ref. 14.

Coupled-channels calculations for the analyzing powers and
cross sections (rotational model) for the ground state

K = 0" band in ?%si with the full Thomas form. Optical
model parameters of Table 2 were used. Where B;oTg =

centraer"—f_HBZ = -0.40, B4 = 0.10. Where Byq = Beopirars
— X — X 62 = -0.40, 64 = 0.10; and — - — 82 = -0.40,

By = 0.00. The cross section data are from ref. 14.

Coupled-channels calculations for the first 0°, 2, states

320 - ) _ |
in °°S using the full Thomas form,w1thvBLS = Bcentral.and

a ‘rotational model with B, = +0.30 (— © — ) or -0.30 (—)

and optical parameters of Table 2.



Figure 13

- Figure 14

28-

‘ Coupled-channels calculations for the analyzing powers and

cross sections for the strongly 1ow-1ying excited states

32

in ~°S using a vibrational model, the full Thomas form

- with BLS.= Bcentral and optical model parameters of Table 2.

Calculations were done by coupling either the 0+, 2 ()
or the O+, 2+, 3 (— --—) states. Deformation parameters
of 0.30 for the_2+, and 0.41 for the 3  were used.

Coupled-channels calculations for the cross sections and

analyzing power for the 2" and 3~ states in 16O using the

full Thomas form and the vibrational model. We used the

optical model parameters of Table 2 with BZ
By = *+0.50. — B1g = Beentral >~
The analyzing power data are from the present

work at 30.3 MeV, while the cross-section data are from
ref. 23) at 29.81 MeV. |

+0f20 and
— BLS = twice R

central’
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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