Submitted to Physics Letters LBL-1941
Preprint ¢,

THE SCATTERING OF POLARIZED PROTONS EROM
Si IN THE GIANT RESONANCE REGION OF P

. C. R. Lamontagne, B. Frois, R. J. Slobodrian,
H. E. Conzett, Ch. Leemann, and R. de Swiniarski

RECEIVED

LAWRENCE
RADIATION LABORATORY

June 1973
on

i 201903

LIBRARY AnD
DOCUMENTS SECTION

Prepared for the U. S. Atomic Energy Commission
under Contract W-7405-ENG-48

4 )
TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.

For a personal retention copy, call
Tech. Info. Division, Ext. 5545

K4
WW6r-19d71




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-1941 =

' The Scatterlng of Po arlzed Protons from Sl in the

29 ¥

' Glant Resonance Reglon of P

FC R. Lamontaone+; B. ‘Frois+ and R J Slobodr1an+
Université Laval Laborat01re de Phy51que Nuclealre,‘

‘ Departement de Phy51que, Quebec 10e, P.Q. Canada.

"H.E. Conzett and Ch. Leemann
Un1vers1ty of Callfornlal Lawrence Berkeley Laboratory,
_ Berkeley, Calif. 9h720 U.S.A.
.
and R. de Swiniarski
Institut des Sciences Nuclealres,'
B P 257, Centre de Tri 13804k, Grenoble-Cedex, France
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Recent studies of inelastic proton scattering from a broad range
of nuclei provide evidence for excitation of a giant quadrupole or mbnopole
resonance just below the well known giant dipole resonance (1). The proton

widths of these broad states seem to imply that a resonance effect should

be present in proton elaStic'scéttering through this region of excitétion._

Tt sﬁould:be observgble provided that the shape elastic scattering, as
'deéc;ibed by thé Aptical model;(OM);;is not dominant. It has been also
pointed out fﬁat the protoh pqlarizaticy'analyzing bower of silicon was
E inadequately known above'iS'MéV, pérticularlj for fhe purposes of its use
in a ﬁrotbn_polariméter (2). .Sﬁch is the case for'moét nuclei with the
eiceﬁtionvof heiium‘and carbon, traditionally psed'as pfoton polarization -
.anély;ets;  whiie the scattering of prdtons (ﬁnpblarizea and polarized)
.frqm helium.is anenable to & detailed phgse-shift:énélysis‘(3), the
scéttefing frpm carbon and 6ther-nucléi has beén anélyZed by the opfical
‘model~wi£ﬁ_f§ryihg dégrees Qf.sophisticatién (4-6). It.igzwéil known that
OM ﬁaramefefsvana waﬁe functions-dré-exteﬁsiﬁeiy used in thé distortéd o
vave Born-gpprqximétion_'v (DWBA) éaiculgtioﬁs of nﬁclear;reactiqns (7).
The oM parﬁmetefs.fbr the proton -nucleus intergctiéns ére obﬁained fme’

elastic scattering éfoss~sections at ‘and above 10 MeV laboratory energy.

Experimental data and OM pafametefs arejavailabie at;rather widely spaced -

energy intervals anad SmOOth>intkrpblations.of them are usually assumed

apprbpriaté'in:applidations, This results in monotonically varying para-
: : . _ - |
meters. However the validkty of the latter and of the corresponding wave
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! ).
functions may be affected by resohanceé and, in particular, by the giant
resonanéés’present in nuclei. vThe regiqn of the giant dipole resonance
for 29p ié located near 20 MeV in ﬁhe 288i +p channel,,while fhe evidence
for the quadrupole or monopole resdﬁances in other nuclei would.centre
them aboﬁtZ MeV lower in eneféy (1). Novinformation on cross sections
or polarizations has been available between 17 and 29 MeV- (8, 9) as is

i

the case for most nuclei.

The polarized proton beamlfécility of the'Berkeley 88—inch
cyclotroh was.uséd to meaSUférelative cross’sections and asymmetries in
the scattering from Si at 2 MeV iqtervals'betweenIIY and 29 MeV inclusive.
A description of fhe facility has been published by Bacher et al.(10) and
most of the details of the experimental procedufe may be found there. The
natural Si target (92.2% of 283i) was prepared from crystalline high purity
material. The thickness was determined to be 6.5%0.2 mgcnn-Q using‘a ﬁéthodv
of alpha particle transmission from a source of 2hlAm,..this implies‘an energy
loss of approximately 150 keV at 17 MeV proton enefgy, énd 100 keV at 29 MeV.
Four pairs of cooled silicon detectors were used at symmefrical angles with
fespect to the beam, and geometfical asymmetries were compenséted by perform-
fng measuremen£s with two opposite spin orientations of thé proton beam.
The.poiarization of the latter was continuéusly mohitored.and measured with
& helium polarimeter, using recently publishéd accurate'analysingvpower values

(10). The analyzing power A (§) was calculated from the left and right detector




”yields wrthjboth spin orientetions'of the.beam ae,described by.Plaftﬂer
et al (ll),_and'the*releti;eAcross'sections were Obtaiﬁed from ‘avefagihg
'yieids. figure 1 shows the'crose sections and analysing poWere‘obtained
in the present experlment the solid llnes correspond to best fits calcu—
lated w1th ‘the optical model code Magali (12). Table I shows the geome-
: trical‘parameters used and the‘resultS'of the éearch for the well depth
paraﬁetere;’ A search varylng the stated geometrlcal parameters does not
improve the fits of table I. The poorer quallty of fits obtalned whenVéo
is 1nterpolated llnearly between 17 and 29 MeV is 1llustrated in teble II,

the. convergence of - VSO to the values of table T ;s‘also_demonstrated.

' Ip was conjectured py Satchler (13) somepdmecago that the natﬁre
of the spipforbit interaction could be'determined‘unambigdously from high
. »qualityepolarization'date, particuiarl&_et forward apgles,‘dFigure 2 shows
.indeed‘thet'phe.perametere obteined>frOm-thejforwerd angle data fit sﬁccessf '
'fuIIY'the'fﬁll angular distributions at‘l7f(8) 25.(lh), and é9 (9)Mev
Flgure 3is a plot of the OM parameters of" table I as functlons of energy.
The sallent features are, flrstly, 8 trans1t10n from a volume absorptlon VJ
to a surface‘absorptlon‘q (w1th a falrly monotonlc sum W+W )* and, secondly,
a clear non—monotonic‘verlatlon of.the spln—orblt potentlel w1th a maxlmum..'
| near.2liMeV; correspondihg weli to the expected location_of the_éiant:dipolel
resonapce; pNotpeoreticalcelculations are‘availeple for29fh but the
neighporiﬁg h\icleus 28:81 has been e‘xt.ens_ivvel)" ,"studied -(15')’ and it 1s well - :

known' that the giant"dipole;resonance,energy varies siole as a function of-

nuclear mass.

% The quallty of the fits depends on the sum1W + d , and weekly on the
‘values of W .and Wq - ' -




The standard optical model calculation does not include contris
_butions to the scattering from resonances other fhan those from singlé-
particie poténtiaIVSCattering. ‘Thus, it is possible. that the anomalous
behaviour of the potential parameters found in this analysis is due to a
giant fesonance contribution toithé scatfering wvhich is nét specifically

~ included in the calculation.

An examination of the behaviour with‘ehérgy of the partial wave
scattering amplitudes was made with the following results: The pi/é and

p3/2‘amplitudes show strqnger absorption between 17 and 25 MeV with best
fit parémgters of table I than for those obtained with VSO inﬁerpolated -
linearly, as would be expected for'absorptibn through a giant dipole reso-
nance. However, other amplitudes also shoﬁ inéreased absorption, which
is due to the fact that fhe oM potehtial has no spé¢ific l-dépendence and
thus, the éffeét of changes in the potential.paraméters cannot be limited
to particular'éartial‘wavés. A more detailed phase shift,anal&sis is con-
femplated, which shoﬁld make it possible té identifyAé.resonahce effect in
a particular partial wave. The extension to other nuclei of the experi-
mentai inﬁéstigatipﬂ of elastic proton scattering in the gianf iesdnahce'

"regions is salso planned.

In summary, the optical model treatment of elastic scattering
provides good fits to the data over the investigated_enérgy region, but

it is necessary to determine the parameters with considerable detail due




to the anomalous behaviour of the spin orbit intéractiqn, probably related
to the giant dipole resonance. The latter is located for most nuclei bet-
ween 10 and 30 MeV in the proton channel. A similar situation may exist

for other particle channels across this broad resonance.

Some of the authoré (R. L, B. F R.J. S and R. de S.) woﬁid
like to gratefﬁlly_écknowledéé the.géﬁerous hospitality of Lawrence Berkeley
Laboratofy. Many thanks aré due to the Centre de Traitement de i'information.
of Uni&éfsitéviéval for tﬁe usé of its computing facilities; TheAcooperation
of the-&S"_c&clotron staff’was'éssential-to_the suécés$ of this expefiment_v

and we express our warmnest thanks.
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TABLE I.

OPTICAL-MODEL PARAMETERS FOR BEST FITS

"THE FOLLOWING PARAMETERS WERE HELD FIXED AT THE VALUES

T, =]1. l7fm, r, =1. 33fm, TS =.94fm, a = .65fm, a; as =.6fm
‘ ‘ v 2 2 2>
ELAB W Wd Vso.- Xg Xp Xg /N
17.13 | 51.52 | 3.75 1 2.92 6.51 27 2640 .| 6.8
19.04 | s51.58 | 5.16 | 2.3 | 8.26 | 16 76 | 2.3
20.84 | 49.96 | 4.48 2.59 | 8.46 | 65 | 122 | 4.7
©22.99 48.83 | 3.06 3.76 | 7.42 19 55 | 1.85
24.93 47.77 1.36 5.26 | 6.58 47 79 3.0
27.14 46.64 0.136 | 6.76 5.29 37 | 167 5.0
28.98 46.01 | 0.0 6,74 4.62. | 56 436 | 12.0

The last three columns contaln the - squared of the cross sections, of
the analy21np powers and the combined x per point respectively.
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TABLE II. OPTICAL MODEL PARAMETERS FOR BEST FITS WITH THE
SPIN-ORBIT REAL DEPTH HELD FIXED

THE FOLLOWING PARAMETERS WERE HELD FIXED AT THE VALUES
| r =1.17fm, r,=1.33fm, r_ =94fm, ao=.§5fm, a,za__=.6fm

i “so
ELAB v w. wﬁ Vso_ Xg XP Xi/N .
19.04 49.3 0.62 6.2 5.5 32 330 | 9.05
119.04 51.6 5.16 2.3 6.2 29 | 647 16.9
19.04 - 49.08 0.0 © 6.98 6.2 40 163 5.07
19.04 49.3 0.02 | 6.7 6.5 | 31 ui | 3.
£20.84 - 47.8 0.0 6.25 5.5- | .61 | 736 19.9
+20.84 - 49.96 | - 4.48 | 2.59 | 5.9 | 80 | 1107 29.67
- 20.84 47.83 0.0 6.22 5.9 | - 8 | 529 15.33
120.84 47.8 0.0 6.25 | 6.5 .58 .| 316 9.3
22.99 47.8 0.0 6.27 5.0 . 29 | 511 13.5.,
$22.99 48.83 3.06 3.76 5.6 26 | 461 | 12.17
22.99 47.78 0.0 6.26 5.6 36 270 7.65
22.99 47.8 0.0 6.27 6.0 25 | 163 . 4.7
24.93 47.4 0.0 | 6.5 5.0 56 394 11.8
+24.93 - 47.76 | 1.36 - 5.26 5.3 51 329 ¢ | 9.5
24.93 47.37 0.0 6.51 | 5.3 54 273 8.17
' 24.93 47.4 0.0 6.5 6.0 50 | 108 4.1
B 27.14 46,6 | _0.136 6.8 4.5 3% 225 | 9.0
+27.14 46.64° 0.136 |  6.76 4.9 39 206 6412
27.14 46.64 0.136 6.76 4.9 39 | 206 6.12
27.14 46.8 | 0.465 | = 6.45. 5.5 27 172 5.0

VSO interpdlgted linearly, other parameterz as in table I.  The following line is a best fit.. . --




Fig 1:

Fig 2:

Fig 3:

v :
Figure captions.

- AnalyZing powers and crossISections obtained in the present

expefiment solid lines are optical model beéf fits.

Cross sections and analyzing powers at 17 MeV from ref. 8,
at 25 MeV from ref. 14 and at 29 MeV from ref. 9. Solid lines
are obtained from optical model fits with parameters identical

to those of Fig 1.

Plot of optical model parameters for the best fits shown on

figure 1. The sum W + Wd is approximately constant. The spin

-orbit potential VS”ShOWS a maximum near 20 MeV. The scale on

0
the right is for W, Wy , and Vgg.
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