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- Abstract

Analyzing powers and cross sections have been measured for elastic and

inelastic scattering of 24.5 MeV protons from 20Ne and 22Ne and for l60, 2881,

and 328 at 30.3 MeV. The experimental results were analyzed in terms of the

| 32 16

coupled-cha.nheis formalism using the rotational model and (for S and 0)
. Y

the vibrational model. The results for 20Ne; 22Ne and 2881 show a sYstematic
trend of the hexadecapole deformation. Prolate shapes for 2QNe and 22Ne and an

328 are almost equally

oblaté shape for 2‘{3Si are confirmed.y The résults for .
well reproduced by the vibrational or rotational model. There is a slight.
‘preference fgr the prolate shape for this nucleus..‘The best fits for the
analyzing power forvall the nuclei were obtéinedvby‘using the full Thomas form _
.for the spin—orbit‘potential.

!
N

-
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1. Introduction

In the past several years, a large amount ofypfoton elastic and in-

elastic analyzing powerrdafal—lo)»have become available, arising from the

increase in number and improvement_in quality of polarized beai facilities.
Analysis of the analyzing power data with distorted-wave Born approximation

(DWBA) codes or with coupled-channels({CC) methods have been reasonably succes-

i

ful for collective ot or 3~ levels for several nuclei in the f shell

7/2 > 89/
1-8

‘shell and s-d shell ). .In order to obtain good fits in the macroscopic

treatment, it was found necessary to deform the real, imaginary and spin-
! ) . T )
orbit terms in the form factor. Different ways of deforming the spin-orbit

potential have been used3) which have led to almost equivalent results. These

models were unable, however, to reproduce the large asyﬁmmetrieé observed for
ol 52Crl)

the transitions to the first 2% state in ° 'Fe and - The deformed spin-

orbit potential-which has been previously used in the framework of the macro-
scopic collective model was essentially phenomenological, having a form

proportional to the radial derivative of the spin-orbit term of the optical-

3.7,

potential Problems have also appeared in the attempt to describe the

data with microscopic models. Applications of the microscopic model to these

states have usually produced poor agreement with experiment 3’6’9’]‘1’]‘2’]‘3).

’

More recehtly, H. Sherif and J. S. Blair intréduced the concept of
the "Full Thomas Term" in the spin-orbit potential- in the DWBA collective

model formalismlu). Considerable improvements to the fits,‘espeéially at

15)

forward angles, were immediately observed . Such a deformed spin-orbit term

‘has now been included . by J. Raynal in a coupled-channels programl6). Calcu-

lations will be presented here (some of them have alreédy been partly published



| : : ' -3- ' LBL-2322

elsewhefelY)‘for the analyzing powers obtained by inelastic scattering of

24,5 MeV polarized protons from the strongly excited low-lying states in 2ONe;

22Ne énd—of 30.3 MeV polarized protons for the collective states in l6O, 28Si

and 328. Part of the purpose of this work was‘to test the possible improve-
ments in thé CC analysis produced by the use of‘the Sherif—Blair.form_of the -
spin-orbit intergction;

A second goal of the experiments was to investigate the nuclear
‘structure of the target nuclei. Recent coupled-channels calcula%ionslB) have
shown the existence of a largé Xh‘defofmation invthe K = 0 band in 2ONe and

suggést the possible existence of such hexadecapole deformation in other s-d -

shell nuclei. Moreover since recent (a,u')l9) or (3He, 3He')20) experiments

have yielded large differences in the evaluation of the Y, deformation’ of s-d -

shell nuclei, polarization experiments can provide additional information for a '

~

more precise determination of the deformations. The rotationallmodel provides

a reasonably accurate description of the low-lying levels in some s-d shell

nuclei, for instance 2ONe and 2881, but the situation is less clear for 323.

We had originally hoped that analyzing power measurements would allow a clear

e

distinction between rotational and vibrational models for the low-lying states

3

of - ?S, but this was not found to be so.

Since cross-section data for inelastic proton scattering on 20Ne at

24.5 MeV>") and on 283122y ana 16023y 4t 30.3 MeV were already available,

emphasis was concentrated on the measurement of the analyzing power. Cross
, ~ (

sections forv22Ne(p,p‘) and 32S(p,p') were obtained simultaneously with the

polarization data and are therefore somewhat less precise.
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’

After a brief description‘of>thé experimental method in section 2,

the analyzing power data for 160, ?oNe, 22Ne, 2881 and 32

S are presented in
section 3. The discussion of the optical model analysis for the different
nuclei is made in section 4, while section 5 discusses the coupled—channels

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

summary of the conclusions is given in section 6.
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2. Expefimental Method

Therexpériménts were performed using the Bérkeiey 88" cyclotron and
polarized ion_sourceZh). The source is of fhe atomic beam type and uses an
adiabatic RF-tfansition and stroné field ionizer.' The polarized ion beam is
injected axially25) into the center of the cyclotroﬁ and deflected into'a
broper ofbit by:a gridded electrostatic mirror. Dﬁring these experiménts, up
to 60 nA of beam were delivered onto theltgrgét with an average polarization
of about T5%. The beam polérization'was monitored con£inuously with a standard

12C polarimeter26),'whichvwas sﬁbsequently calibrated by accurate.p—uHe polari-

zation measurements at the same energy27).‘ The beam intensity was continuously

monitored with a pair of Si(Li) detectors placed symmetrically at L5 degrees
with respect'to the beam direction and was checked periodically with a Faraday
cup. The thick polarimeter target precluded the continuous 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 tc measure asymmetries, the counters

were arranged in symmetric pairs to the left and right of the beam direction. 1In

addition, the beam polarization was manually reversed at the source by inverting

ﬁhe magnetic field of the ionizef half way through‘each data taking run.

This rédundancy of asymmetry meésurements gllowed us to‘eliminate many sources
of systematic error, such as those due to unceréainties in counter apertures,
-slight misalignments of the beam, and differential counting rate effects in

the detectors and in the polarimeter. -

The 2881 target was a slightly enriched (>=95%) self-supporting foil of

32 16

~ 400 ug/cm2 thickness. S and ~ 0 data were taken simultaneously using a
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SO2 gas target. The neon gas targets were filled with isotopes enriéhed to
> 99.9% for 2Oye and 2;95% for722Ne. All gas targets were operated at about
20 cm.Hg pressure, which was measured togefher with the»temperatu;e befdre

and after each run. The overall energy resolution wés about 180 keV fpr,thg

gas target data and about 150 keV for the 28Si data, the latter being mostly

/

due to the energy spread of the incident beam. Except for the 37, 17 doublet

. | _ ,
invzoNe at 5.7 MeV and the 2 , 4" doublet in 325 at L.k MeV, all strongly low-.

lying excited states of the s-d shell nuclei were clearly separated.
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3. Experimental Results

The measured analyzing pbwers for the low-lying excited states in

20, . 22 , s . - ,
Ne and ~"Ne are shown in figs. 1 and 2, the data were taken with
an incident beam energy of 24.5 MeV. These two figures exhibit the similarities

Lo : + 2 . v
that exist for the lowest 0" and 2% states in 2ONe and .2Ne. Moreover, cross

L + + .20 22 . .
sections to the 0 and 2 states in  Ne and Ne, to be seen in later figures,

o - . s 2 o
are also very similar; this being true also at higher energy ).  This is not
' - + .20 22 oo .
the case for the L" states in “ Ne and ““Ne, where large differences exist
between the two analyiing powers as ﬁell as between theAtwo cross sections.
It is also worthwhile to point out the largevdifferencé between the analyzing
: o + :

power for the first and second 2 states in 22Ne (fig. '2). Such a large difference
has already been observed in the f7/2 shellg) and suggests the need for a
-microscopic interpretation. Figure 3 shows the analyzing power for the K = 0

s . X . + + -
rotational band . in 2881 together with the strongly excited 0 , 2 and 3

32

states in S while fig. 4 presents the analyzing power for several states in

16O. The data presented in figs.~3 and 4 were'taken at an energy of 30.3 MeV.

Here aiéo a striking difference can be seen between the 2+ curves in fig. §.
The first bump on the 328 curve at 50° is much lower than in the corresponding
 curve for 288i and resembles the shape of the anal&zing power £aken at 20.3
MeV for Zhgd). o o

The énalyzing power presented in figsf 1 to 4 are normalized to 100%

beam polarization and are defined as follows (in first approximation)
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’ Sl 23 -
N B
N ..N 1/2
with r =<(ﬁik—§:§) ‘
+R"-L ’
where N+L’ N_L_and N+R and N—R are the number of counts in a given peak te‘the

left or to the right of the beam direction (for the same angle) with spin-up

and spin—down respectively; while P_ is the polarization of the beam.

B
' i O + .28, . ‘
The analyzing powers for the O (g.s) and 2 state in Si and for the
+ .16, . ' . o PR N
0 (g.s) in 770 are in good agreement with other recent data ).
The error bars shown on the figures reflect only statistical errors
unlessrthe peaks were diffiéult to resolve, in which case the errors were
increased appropriately. Most of the integrated counts were obtained .from
the spectra with a peak fitting prograng) and were checked for internal

™~

consistency. . ‘ . .
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4, Analzsis

20Ne»AND 22Ne

4.1. OPTICAL MODEL PARAMETERS FOR
20 22 ' N . .

Since Ne and =~ Ne are strongly deformed, only preliminary optical model
parameters needed for the CC calculation can be obtained from a optical model
search. In their analysig of a-scattering in the rare eafth_region, Hendrie
92_21330) obtained good fits for the rotational band cross sections by first
derivihg optical model parameters from a nearly spherical nucleus and then using
these parameters in a coupled-channels calculation for the deformed nuclei. Such
an attempt has been made by trying to use the optical model parameters obtained
from an analysis of the elastic cross section and polarization data of 16O taken !
frdm the literature3l) but this has failed completely to describe the excited

.20 N , _ 20 22
states of Ne. The method which was finally chosen, at least for Ne and Ne,
was to get a starting set of optical model parameters from a multi-parameter
search using'the elastic scattering data and then to-.adjust the parameters so as
to preserve the fits to the elastic scattering in the coupled-channels calculations.

a

In the case of 20Ne'and 22Ne, it was found that only slight adjustments of WD' I

and Vo' a, were needed.

N

Table 1 lists the best-fit parameters obtained from a search on all para-
meters. The corresponding fits to the elastic cross sections and polarizations are

shown in fig. 5. Most of the optical model calculations were -carried out with .

32

‘the code MAGALI ). The absolute normalization of the data was included in the

search and only statistical errors for cross sections and polarizations were
taken into account. Corrections arising from the finite angular acceptance
, . N

of the detectors were included in the search. It is interesting to point out

~

the common result that rLS' the radius of the spin-orbit potential, is smaller

than the real central radius by about 20%, while the imaginary :adiué r, comes
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out larger (= 20%) than this central radius. Moreover; parameter sets for

_20Ne and 22Né are quite similér, both sets having a very small spin-orbit

diffuseness.

e

6. 28 32

4.2. OPTICAL MODEL PARAMETERS FOR -°0, “°si AND. 35

The data for these nuclei have been taken at an energy of 30.3 MeV

0

with the same experimental equipment described. in Section 2. ' Since only
analyzing powers for l6O and 2881 were obtained during these experiments,

calculations were carried out using the elastic cross sections of ref. 31-

28

ffor‘l60 and of ref. 22 for Si. On the other hand, cross sections for the

O+, 2f and 3~ states in 328 were obtained simultaneously with the analyzing

~

power data. Very good fits were obtained for these three nuclei as shown in

figs. 6 and 7. The corresponding parameters are presented in Table 1. The

32

fit to the S elastic analyzing power could be obtained only by reducing, by

32

- a large amount, the‘épip-orbit radius reot All searches done on the 7S

elastic data.favor this small spin—brbit radius and a comparably large spin-

orbit diffuseness.

32 20

Probably because 2BSi and ~°S are less deformed nuclei than “ Ne, -

the parameters obtained by the optical model sedarch gave quite good fits

in the coupled-channels calculations without having to be
modified.
It is possible to deduce from Table 1 some systematic trends for the

32

optical modél parameters in going from 20Ne to ““s. We find a smaller radius’

(average around 1.07 fm) and a larger diffuseness (average value around 0.73 fm)
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than have previously been ascribed to the real potential. If the imaginary
radius remains constant around 1.33 fm, the tendency of the spin—orpit
potential is to have both its radius and diffuseness smaller than those of

32

the real central well (exéept for the special case of S). These conclusions

have a;ready(been given in a recent review paper on this subject33){for heavier
nuclei, but it is interesting that they are also valid for light nuclei. Some

searches were also made including volume absorptioh terms, but no significant-

improvement was seen.
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5. Coupled Channels. Calculations
The spectrum of excited states in mosﬁinuclei-in the 2s-1d shell
-exhibits a rotational charagtér3h) indicative of a permanent deformation.
The large static quadrupole moments for the first excited stﬁtés35).an& the
results of\Hartreg-Fock and H;rﬁree—Fock-Bogoliqbﬁv type calculatibns36)‘also
qharacterize the s-d shell as a fégion of permanent groqnd state deformation.
Some of fhese calculations suggeét that some nuclei in this region should

also have a ground state hexadecapole deformation, which changes both size

and sign through the shell, together with the quadrupole deformation37—39).

Data from the inelastic scattering of protonsla) and alpha particleslg) on

20Ne, analyzed ih*the coupled-channels formalism, have shown that a large

hexadecapole deformation (B, ) was needed to reporduce both the shape and the |,

R ‘ . R R ) + + .
magnitude of the cross sections leading to the lowest 2 , h+ and 6 states in
2ONe. -

s 18,19 . L . . '
Similar analyses ) of other inelastic scattering data in the s-d

BN

shéll_has shown that the Y. and Yu’moments vary considerably throughout this

2

region. Nevertheless, considerable differences in the value of the hexa-

decapolé deformation Bh’ especially in the case of 2ONe, were obtained

depending upon the type of particles used in the scattering experiments18—20’ho’hl).

The gdditionél information provided by analyzing power measurements has been

17,&2).'

" shown to be hélpful in resolving such ambiguities
The strong couplings between states of the ground state fotational
band requires the use of the coupled-channels (CC) reaction formalism in order

h3)

to treat adequately theé multiple paths of excitation to thevexcitéd states

vIn this formalism, the intringic deformation of the members of the
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K = 0 rotational band is parametrized according to the following definition

of the nuclear radius
R(e) = 30[1 + B, Yzo(e} + B, Yho(e)] E

The interaction potential arises from the deformation of the real and imagi-
nary central potentials, the spin-orbit potential, and the Coulomb potential.

The various multiple-excitation paths between the coupled states are expli- ’

/

citly included, assuming pure rotational matrix elements between them.- All

expansions are carried to convergence, so that the only approximations are

.

\
\

in the nuclear model and those inherent in the CC formalism

A

5.1.  COUPLED-CHANNELS CALCULATIONS: 20Ne AND 2Ne

bPreviously }eported cc calculationslT’la) on‘zoNe were made ﬁith the
Oxford coﬁpledfchannel cbdehh). .This program'uses a simplified symmetrized
form (éhenbmenplogical)'of £he deformed spin-orbit potential3), in which the
defofmation appears only in the radial term of the spin—orbiﬁ form factori
fhese cc éaléulations essentiailj fail to reproduce even the shape of ﬁhe
6bserVed analyzing powers fqr_the 2+ and h+ states in 2ONe. Since the cross-
sections leading to these states are so well reproducedl8), it is reasonable
. to suspect.the,difficﬁlty arises from the form of the‘deformed spin-orbit
potenﬁial which this program uées. Recent calculations have'shOWn that the
, , » o N
.fits to analyzing power data for less Strongly coupled nuclei can be signif-
icantly improved when the full Thomas term of Sherif and Blair for thé‘deformed

lh,ls)

spin-orbit potential is used . This full Thomas term has been introduced
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by J. Raynal in a coupled-channels program using a sequential iteration
technique to handle the additional complexity of. this poténtiall6) (Program

ECISVTl). The results of'sﬁch calculations for<20Ne are also shown in fig. 8.

Al

AS can be seen from this figure, the CC calculations reproduce well-the

measured analyzing power when the full Thomas term is used (curve 1, fig. 8).

7

Curve 2 with'Bh = 0.0 shows the pronounced,sensitivity'of the analyzing powef
of the 2 and U¥ states to the Y, deformation. The last curve (curve 3) on
- this figure presents the results  of CC calculations using the simplified
s&mmetrized form of the deformed spin-orbit potential, oiearly shdwing the

poor quality of the resulting fit. The corresponding CC calculations for the
+ [+ o+ . .20 ' . .
0,2 and 4 cross sections in ~"Ne are presented in fig. 9 where the
. ’ .o +
sensitivity to the Bh deformation can be seen even for the 0 (g,s.). On the

‘other hand, cross sections are rather insensitive to the detailed form of the

spin-orbit potential and therefore only calculations using the full Thomas term

are ﬁresented in fig. 9. While the value obtained for 82 for 20Ne is in

19,20)

IS

relative good agreement with results from ineléstic helium soattering

A

our value for Bh appears to be a factor of 2 larger, well ‘outside quoted
errors, even when the deforﬁation values are linearly scaled to account for the
different radii45). Our results are in better agreement with électron scattering_

/resultshl)

Recently J. Raynal has befformed a coupled~channels calculation (using

arew program which includes a search routine)on the 20Ne datah6) By letting
" all parameters vary including the 82 and Bh deformations,- and doing a search on
+ 4. +
all cross sections and analyzing powers for the 0 , 2 and 4 in 2oNe, the

calculations .yield final Bz‘and Bh deformations equal to 0.42 and 0.27’respectively.

-
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-
[

The optical model parameters were almost unchanged with the exqeptiqn'of the

spin-orbit diffuseness, which reduced to ~ 0.10 fm.

!

+ 4+ 4 i
The CC results for the lowest O , 2 and 4 states in °2Ne are given
in figs. 10 and ll; ‘As can be seen from these figufes, the crdss sections

as well as the analyzing powers favor a rather small value for the Yh deform-

22

ation (Bh‘= 0.05) of ““Ne, while the value found for 82 i's similar to that

for 20Ne, Similar conclusions have also been obtained from'40 MeV proton

scattering work on 2O4e and 22 e28)

19)

N , as well as from alpha scattering

experiments

Figﬁre 10 shows again that the calculations stronély suppor£ thg full
Thbmaé fﬁrmvaﬁd'the analyzing powers fof the 0+, 2+ and h+ states are very well
reproduced-using this type of deformed spin—brbit term together with the optical
modei parameters of Téble 2. It has been suggested on a theoretiéal basislu)

that the best agreement with the date is reached when the spin—orbit deformation

-

is taken to be greater then that of the central pbtential. We have found this

to be a necessity in the case of 2_ONe and 22Ne, where the best fits for the

analyzing power were obtained when the ratio of the two deformations was taken

)

to be 2.'vComparison between microscopic and macroscopic treatments by Raynall
-indicates that this ratio is directly related to the nuclear structure of the

exciﬁed States and hence some variations may be expected throughout the s-=d

!
y

shell. However, no calculations have yet been performed to predict the size of

,thé effect'éxpected for 20Ne and 22Ne. As will be seeh latef, good fits for

328 and 2881 can be obtained without.having‘to increase the deformation of the

spin-orbit potential with respect to the central potential.
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16, 28 32

5.2." COUPLED-CHANNELS CALCULATIONS: o, Si AND ©°S

Previous CC calculations: done on the 17.5 MeV proton inelastic

scattering data of Crawleyh7) have used oblate shapes for 2881 and‘32S and

large hexadecapole moments (Bh = 0.25)18). Even if the rotational character

‘

of the 288i lowést O+, 2+

19,&1)-

. 4* states is well establishéd48’h9)'and the oblate
3 ' h9)

23 is much more complicated

)

shape confirmed the situation for

Recent meésurementé of the quadrupole moments of the first excited states of
even-even nuclei in the 2s-1d shell35) brought additional evidence for the

oblate shape for 2851 (Qo < 0). The surprising change in sign of QO between
28 32,

5i and “S appears to indicate é serious difficulty iﬁ pfedicting deformations

of nuclei in this mass region.- Several recent experiments have suggested that

328 up to an excitation of 5 MeV’are well explained on the as-

h9f51)

S is an almost spherical vibrational nucleus.

ﬁhe levels of
32

sumption that . Since a

7

P
recent 0~y angular correlation experimentsz) on 28

n32

Si and a (a,a') experiment53)

o S‘yiéids very surprising-prolate (62 > 0) quadrupole deformation for these
nuclei, it appears necessary to analyse these data both with the vibrational

(collective model) and the rotational model with oblate and prolate deformations.

The CC calculations for the K = 0' ground state band (2+ and 47 states)

of 2881 using both the vibrational model and the rbtational model (prolate shape),'

. are presented'iﬁ fig. 12. Although the full Thomas term was used, the agree-
ment to the data is poor. The CCVCAICglations resulté uéing the full Thomas

" term and rotational (oblate deformation) are presented in figs. 13 and 1L.
Very good fits to cross sections and polarizations are obtained with a’negativev
quadrupole deformation 82 =.-O.MO and a posiﬁivé héxadécapole Bh'deformation

‘equal to +0.10. The values of these deformations are quite different from
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those previouSly determinedl8) using only the Crawley cross sections, but are

in very good agreement with the (a,u')lg) and (e,e')hl) results and with
| 39,

microscopic O-cluster model calculations

S5k

s as-Well_as,with some recent
polarization data at 25.25 MeV’ ). The comparison of cur&es 1 and 3 of:figs. 13
and 14 shows the sensitivity of the theory to'the.Bu-deformation parameter.

' If Bh is incre;éed, the fits deteriofates quite rapidly. Since no créss

: sections.forvthe‘h+istate in 28Si were available,.the value determined for the
Bh deformation is lgss preéise; and error of * 0.0L4 is gssigned'to the Bh
détermined in ?8Si.‘ All calculations presenfed in-fhe figurés,'if not otherwise
specified, uéed fhe full Thomas term for‘the deformed spin-orbit term. Coulomb
- excitation was also génerally iricluded althdugh-it has a small effect. Curve 2-
shows the results when Bso/Bcentral
fesults when the deformation lengths (B

were equal to unity; curve 1 shows the

LS rLS/Bcentral
is equal to 1.29. Even better fits could be

fo) were equal to unity.

In the latter case, BLS/Bcentral

obtained by increasing the ratio up to l.55h); or to 2.0 as for 2ONe, but the
optimum value of Bh did not change significantly.

'Coﬁpledfchannels caicﬁlgtibns for 328 are presented in figs. 15; 16
ahd 17 using either the rotationél model kfig. lS)vor'the vibrational model
(figs. i6 and 17). As seen in fig. 15, it is quife diffiéult to diéiinguish

between oblate and prolate deformation. The overall X2 slightly favors a

3

~ prolate éhape for 28 (82 > 0), but when only polarization data are taken

into dcc@unt,.the oblate solution is the best (62 = -0.30). Since the overall

LN

x2 is 1946 in the case of B, = +0.30 and only 2126 when B, = -0.30, a definite
' 32

assignment of the signs of the deformation for ~°S is not possible on the basis

of our data. Addition of a hexadecapole deformation Bh to the quaarupole
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‘deformapion 82 has little effect if Bﬁ is small (up to around 0.1), but it

quickly destroys the fits to the data when it is increased .above this value.

Therefore we conclude that the hexadecapole deformation is absent or very small

32

in the ground state band of S.

Figures 16 and 17 present CC results using a vibrational model with

1

either O+, 2+ coupiing and a.deformation paraﬁetef'of +0.3 for the 2+, or a
O+, 2% and 37 coupling with a deformation for the 3~ equal to +0.L41. The fits
to the data are quite good, especially ip the case of thé,(0+,2+)‘coupling.
They ére essentially eduivalent to those of the rotational model since the
overall x2 is 2155. It has been suggested from recent-expériments such as
(p,p')sl), (d,d')hg) or by lifetime measurementsss) that the upper half of the

s-d shell nuclei may have a spherical structure, although this behavior is not

38). The energy level spacings of 325

reproduced by Hartree-Fock Ealculations
indeed show consideérable deviation from the rotationai model pattern and more
* resemble a vibrational spectrum. From our data and analysis, it is impossible
to choose betweeﬁ'rotafional or vibrational structure. Moré precise data,
especially for the y* staﬁe at.h.ET MeV or fbrlthe next Of, 2+, ¥ states
whiéﬁ 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 160 are presented in fig. 17. Very good fits
for 3f state qnd an acceptable fit for tge2+ state for this nucleus are |

obtained in‘the framework of the collective model (vibrational) with the full

'Thomas term and a deformation parameter of +0.50 for the 3~ and 0.2 for the 2.

i
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6. Conclusions
In summary, coupled-channels calculations using permanently deformed ‘
nuclear wave functions. reproduce well our cross section and analyzing power ,
data on the elasti? and inelastic scatteringvof polarized.protons exciting the
ground stgte rofationai bands of 2oNe, 22Ne and 2881. -Table 3 summarizes the

nuclear aeformations determined from the CC calculations. Prolate shapes

of 2ONe and 22Ne and an oblate shape of 28Si are StrOngly preferred. The

32

situation. for ~“S is not so clear, since the calculations could not decide

between oblate-prolate deformation or for a spherical vibrational structure,

I

although the overall best X2 slightly favors a prolate deformation.

- I

Hexadecapole deformations found for»22Ne and 28Si are in good agreemént with

39)

recent (a,a')}g), (e,e')hl) expefiments and with theoretical calculations .
Large differenqes for the‘Yh moment of 20Ne appear in the literature, espeqiélly
in scatter\ing exPeirime.nts using a or Y3He particles as Erobeslg'zo) .
Finaily, we have shown over a wide range of nuclei that the use of the
Blair-Sﬁerif form for the deformed spin-orbit interaction, in conjunction with
é coupled—ghannéls reaction_calculation,'is necessary to explain our créss—
section andvasymmetry results. However,rwe are gratifiéd thét calculétions of

the deformation parameters using simple forms of the interaction do not greatly

change the results. : -,
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. Table 1. .

l‘Nucleus. Search Yo : .ro %o Yy A ¥p .1 °1 Vis TLs %Ls szJ X;
' (MeV) (F) (F)  (Mev) (MeV) (F) (F)  (Mev) - (F) F .
% o +p 59.10 1.0l 0.77 0.0. 7.54 1.26 0.62 3,57 0.8  0.33 217 1256
%2ve o+ p 58.0 1.05 0.78 0.0 7.73 1.33 0.57° 3.5 o0.88 0.1 3 séz
85t gap  so2 L1 0.68 0.0 6.10  1.3% °0.54 6.43 0.86 . 0.55 261 150 i
323, ¢+ 53.87  1.09 0.73 0.0 6.3 1.34  0.63 7;30 © 0.74 o0.91 84 98 v
16 c+p 43.25  1.14 0.69 0.0 2.78 1.36 0.84 4.31 1,11 ~0.45 855 135

ZTET-T8T .



Table 2

Nucleus Vo ro ao WV WD r‘I I VLS rLS | ath
(MeV) (F) (F) (MeV) (Mev) - (F) (F) (MeV) (F) (F)
20ye 59.0 1.0 0.75 0.0 6.5 1.26  0.55 3.57 0.90  0.33
22 57.0 1.05 0.75 0.0 6.3 °~ 1.33 0.55 3.95 0.88 0.31
2853 -50.75 1.11  0.68 0.0 6.10 1.34 o.54A 6.43 0.86 0.55
324 53.87. 1.09  0.73 0.0 6.3 1.34 0.63 7.30 0.74 0.91
184 43.25  1.14 0.69 0.0 2.78 0.84 4.31 1.11 0.45

_Lz_

2cee—-1d1



Table 3

Vélues_of deformation parametérs‘and multipole

moment from scattering of polarized protons

20, 22, 28, EN
vﬁz +0.47 +0.47 - -0.40 (+)0.30
94 +0.28 +0.10 o

+0.05

LBL-2322
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Figure -Captions

Measured énalyzing power forv£he low;lying excited states in -
Ne obtained by scattering of 24.5 MeV protons,

Measured analyzing pdwcr for the strongly excited states in
Ne obtained by scattering of 24;5 MeV protons.

Meésured analyzing for the low-lying collective stétes in 285i

and 328 obtained by scattering of 30.3 MeV protons.

Measured analyzing power for several states in 160 by scattering

- of 30.3 MeV proéons.

Optical model predictions for the elastic cross sections and

polarization for 2oNe and 22Ne. The parameters are those of

Table I. )

* - Optical model predictions for the elastic cross sections and

polarization for 285i and 32S. Parameters of Table 1 were used.
Optical model prédiction for the clastic cross section and pola-

rization for 16

0. The parameters of Table 1 were used.
Coupled-channels calculations (rotational model) for -the measured

analyzing power for the first O+,_2+ and 4+ states in»zoNc with

‘and without the full Thomas term. Optical model parameters of

“Table 1I were used,

' Experimental cross sections for the d+,72+ and 4+‘states in 20Ne

with coupled-channels calculations (rotational model) and the

full Thomas tcrm. Optical mode! parameters of Table II were used.
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Figure 10 Measuréd analyzing power for the first O+, 2+ and 4+ states in

22Ne with some coupled-channels calculations (rotational model)
. ) .

with and without the full Thomas term. Optical model parameters

of Table II were used,

Figute 11 - Experimental cross sections for the 0+, 2+ and 4+ states inbzzNe
with Coupled-channels calculations (rotational model) and the

full Thomas term. Optical model parameters of Table II were used.

J
BN

Figute 12 Coupléd-channels calculations for the croés sections and analyzing
.power for the 2+'and 4+ stétcs in 2881 (rotational and vibration:]!
model) with the full Thomas cerm..Optical model paramete?s of

. Table 11 weré ;sed. -

Figure 15 ‘Coupled-channels éalculations for the experimentai cross seétion;
v(rotatio&al modgl) for the”ground states K = dfvband in 2881
with the full Thomas term. Optical model pataméters of Table 11
were used.

Figure 14 Coupled-channe1§ calculations with the full Thomas term éndlthe :
~rotational modél for the meésured analyzing power for the K = 0+

;band in 288i. Optical modei parameters of Table iI were used

Figure 15 Coupled-channels calculations for the first 0+,v2+ states in 328'

using the full Thomas wzthvﬁLs = pcentral and a rotational model

with ﬁh =% 0.30 and optical model parameters of Table II.
Figure 16 Coupled-channels calculations for the cross sections for the
strongly low-lying excited states in 328 uéing a vibrational

model, the full Thomas term with P

LS = ﬁcenﬁfal and optical modc]

parameters of Table II. Calculations were done by coupling cithcr

the d+, 2+ or the 0+, 2+, 3" states. Deformations paramctevs of

0.30 for the 2+ and O.Alvfor the 3~ were uscd.



Figure 17

Figure 18

the full Thomas term with B

-31- . L LBL-2322

Coupled-channels calculations for the measured analyzing power

- for the low-lying excited states in 328 using a vibrational model,
) ] ,

1 and optical model

LS ﬁcent:ra
parameters of Table I1. Calculations were done by coupling either

the d+, 2+
P

0.30 for the 2% and 0.41 for the 3~ were used.

or the 0+, 2% and 3 states. Deformations parameters of
o . Y .

Coupled-channels calculations for the cross sections and analyzing
power for the 2t state at 6.92 Mev and the 3~ state at 6.13 MeV
in 016. Full Tﬁomas term, optical model pafamecers vibrational

model and deformation parameters of + 0,50 for the 3" and 0.2 for

the 2+ were used,
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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 Atomic Energy Commission, 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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