
obtained by o the r  methods: f o r  lS4sm, $2 ~ 0 . 2 8  and $4 

= 0.06, and f o r  1 6 6 ~ r ,  $2  = 0.28 and $4 = 0.01. 

However, t he  values  of $6 we f i n d  a r e  f o r  1 5 4 ~ m ,  

86 = 0.008, and f o r  1 6 6 ~ r ,  86 = -0.007. Although these  

values  a r e  c o n s i s t e n t  with the  p red ic t ions  of Nilsson 

e t  a1. ,3  t h e  1 5 4 ~ m  r e s u l t  d i sag rees  with e a r l i e r  a lpha 

s c a t t e r i n g  r e s u l t s 4  which ind ica t ed  a value  wi th  the  

same magnitude but opposi te  sign. 

We plan more meaningful comparisons between our 

r e s u l t s  and those  from d i f f e r e n t  experiments i n  terms 

of a mul t ipole  moment a n a l y s i s O 5  Also we a r e  comparing 

the  c ross  s e c t i o n  angular  d i s t r i b u t i o n s  wi th  those  from 

the  a n a l y t i c  e ikonal  model of Amado and co-workers.6 

1)  P. Schwandt e t  a l . ,  Phys. Rev. C 26, 55 (1982). 

2) J. Raynal, unpublished. 

3)  S.G. Nilsson e t  a l . ,  Nucl. Phys. A131, 1 (1969). 

4) D.L. Hendrie e t  a l . ,  Phys. Let t .  z, 127 (1968). 

5) R.S. Mackintosh, Nucl. Phys. A266, 379 (1976). 

6) R.D. Amado, J.A. McNeil and D.A. Sparrow, Phys. 
Rev. C 25, 13 (1982). 
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The c ross  s e c t i o n  and analyzing power angular  where 
f i ( r )  = { l  + exp[ ( r  - r i~1/3) /a i ] ) '1  (2 )  

d i s t r i b u t i o n s  have been measured f o r  200 MeV 
and 

e l a s t i c a l l y  s c a t t e r e d  polar ized< protons from 9 ~ e .  The 
r = l r d d r l  + e x r  - r j ~ ~ ~ ) / a ~ I - ~  ( 3 )  

angular  d i s t r i b u t i o n s  were measured t o  8cm=1300 which 

corresponds t o  a momentum t r a n s f e r  of q - 5.3 fm'l. The c a l c u l a t i o n s  us ing the  s i n g l e  Woods-Saxon 

The da ta  a r e  d isplayed i n  Fig. 1, a long wi th  the  parameter iza t ion f o r  t he  c e n t r a l  p o t e n t i a l s  (Eq. 2) and 

pre l iminary  r e s u l t s  of o p t i c a l  model c a l c u l a t i o n s  t h e  Thomas form (Eq. 3) f o r  t he  s p i n - o r b i t  w i l l  be 

employing two d i f f e r e n t  parameter iza t ions  f o r  t he  r e a l  l abe led  a s  'SWS' throughout t h i s  d iscuss ion.  

p a r t  of the  c e n t r a l  p o t e n t i a l .  A d i scuss ion  of the  A second parameter iza t ion used i n  the  o p t i c a l  model 

d a t a  and how the  measurements were made a r e  descr ibed a n a l y s i s  c o n s i s t s  of s u b s t i t u t i n g  f o r  t he  term VRfR(r) 

elsewhere1 and w i l l  not be repeated here. Only the  i n  Eq. 1 the  express ion 

r e s u l t s  of t he  o p t i c a l  model a n a l y s i s  of t he  d a t a  w i l l  
VRfR(r) = VRlfRl(r) + V R ~ [ ~ R ~ ( ' ) I " ,  n = 192 

be repor ted  here. 

The o p t i c a l  model c a l c u l a t i o n s  were performed and the  c e n t r a l  imaginary p o t e n t i a l  remains unchanged. 

us ing the  computer code SNOOPY~. The s tandard o p t i c a l  Ca lcu la t ions  us ing t h i s  double Woods-Saxon form with 

model a n a l y s i s  employs the  fo l lowing parameter iza t ion n-2 w i l l  be denoted by 'DWS'. This shape modif ica t ion 

t o  desc r ibe  the  l o c a l  nucleon-nucleus p o t e n t i a l  U(r): i n t roduces  t h r e e  new parameters. The mot ivat ion f o r  

t h e  DWS parameter iza t ion is given elsewhere3 and w i l l  

no t  be repeated here. 
+ + 

h2 [Vso g ~ ~ o ( r )  + i W s o  g ~ s ~ ( r ) l  (LOU) (1) I n  t h i s  pre l iminary  o p t i c a l  model a n a l y s i s  of t he  
R 

p + 9 ~ e  e l a s t i c  s c a t t e r i n g  da ta ,  t he  o p t i c a l  model 



parameter sets obtained for 200 MeV p + 12c elastic interior. This characteristic depression in the 

scattering4 were used as the starting parameters for central real potential is completely analogous to that 

both the SWS and DWS parameterizations. All parameters required for an adequate description of the 200 MeV p + 
were searched on until there was no improvement in the 12c elastic scattering data.4 

X2. The resulting parameters are listed in Table I, It should be noted from Table I that both 

and the calculated cross sections and analyzing powers parameterizations fail to predict the total and 

are shown in Fig. 1. reaction cross sections. The reaction cross section 

From Fig. 1 observe that the data, especially the has been measured at 232 Mev5 and at 180 Mev6 and was 

analyzing power data, is represented better by found to be 190.0 + 6.8 mb and 185.5 + 4.5 mb, 

calculations employing the DWS optical potential than respectively. The total cross section has been 

by the SWS optical potential. From a plot of the measured to be 235.7 + 5.2 nb at 225 MeV. 

potentials, one notes that the DWS representation of 
Table I. 

the central real potential is more attractive near the 

nuclear surface and becomes repulsive in the nuclear 
" ~ 1  
rR1 
aR1 
v ~ 2  
rR2 
aR2 
W 

w 
aw 
vso 
RSO 
aRSO 
wso 
Ywso 
awso 

x: 

x:y 

GTOT 
aR 

SWS 

- 8.44 
1.52 
.495 

-41.00 
,552 
.647 

-1.90 
1.14 
.60 
-990 
1.10 
.545 
3956 

1594 

197.2 
138.3 

UNITS 

MeV 
f m 
fm 
MeV 
fm 
f m 
MeV 
fm 
fm 
MeV 
f m 
f m 

MeV 
fm 
f m 

mb 
mb 

From Fig. I, one sees that the shape of the 

analyzing power angular distributions are adequately 

reproduced by both the SWS and DWS potential 

parameterizations. Bowever, the DWS optical potential 

does describe the analyzing power data beyond eC,- 80° 

w c h  better than the SWS parameterization. Both the SWS 

and JMS optical potentials give reasonable fits to the 

cross section data forward of eCm - 80". Beyond this 
Figure 1. Elastic scattering cross sections and 
analyzing power angular distributions for 200 MeV angle, both parameterizations produce a diffractive 
polarized protons from 9 ~ e  are shown with the results 
from optical model calculations employing the parameter minimum, whereas the data appear to develop a maximum. 
sets in Table I. 



One possible  explanat ion f o r  t h i s  discrepancy between 

the  ca lcu la t ions  and the  cross  sec t ion  da ta  is t h a t  

s ince  9 ~ e  is  a deformed nucleus the  coherent 

con t r ibu t ion  t o  e l a s t i c  s c a t t e r i n g  from higher-order 

mul t ipoles  may not be neg l ig ib le .  And indeed, the  

con t r ibu t ions  from higher-order mul t ipoles  were found 

t o  be important i n  descr ibing pion s c a t t e r i n g  from 

9 ~ e .  Also, i t  has been shown i n  heavy-ion e l a s t i c  and 

i n e l a s t i c  s c a t t e r i n g  s t u d i e s  t h a t  higher-order 

mul t ipoles  must be included i n  ca lcu la t ions  t o  ob ta in  

an adequate desc r ip t ion  of 9 ~ e  s c a t t e r i n g  from 

spin-zero t a r g e t s .  We a r e  cu r ren t ly  i n v e s t i g a t i n g  

whether con t r ibu t ions  from higher-order mul t ipoles  must 

be included i n  order  t o  obta in  a b e t t e r  desc r ip t ion  of 

t h e  proton e l a s t i c  da ta  presented here. 
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The microscopic desc r ip t ion  of a nucleon moving i n  

a nuclear  environment leads  t o  a s i n g l e - p a r t i c l e  

p o t e n t i a l  which is energy- and density-dependent.  A s  

t h e  p a r t i c l e ' s  energy inc reases ,  t he  s i n g l e - p a r t i c l e  

p o t e n t i a l  becomes l e s s  a t t r a c t i v e  i n  the  nuclear  

i n t e r i o r  than near the  nuclear  surface. Thus, the  

s i n g l e - p a r t i c l e  p o t e n t i a l  develops a c h a r a c t e r i s t i c  

depress ion near the  nuclear  surface. We r e f e r  

s p e c i f i c a l l y  t o  the  treatment of the  nucleon-nucleon 

i n t e r a c t i o n  i n  nuclear  mat ter  i n  terms of a 

Brueckner-Hartree-Fock expansion, and i t s  app l i ca t ion  

t o  f i n i t e  nuc le i  v i a  a l o c a l  dens i ty  a p p r ~ x i m a t i o n . ~ ' ~  

The r e s u l t i n g  r e a l  p a r t  of the c e n t r a l  o p t i c a l  

p o t e n t i a l  e x h i b i t s  the  same c h a r a c t e r i s t i c  

energy-dependent f e a t u r e s  as those given i n  t h e  

discuss ion above. 

Phenomenological o p t i c a l  model analyses  of 

e l a s  t i c a l l y  s c a t t e r e d  polar ized protons from 2~ a t  

l abora to ry  bombarding energies  of 122, 160 and 200 MeV 

have shown t h a t  the  r e a l  p a r t  of the  c e n t r a l  p o t e n t i a l  

does indeed e x h i b i t  the  energy-dependent f e a t u r e s  

expected from microscopic considerat ions .  4* I n  Refs. 

4 and 5, the  c e n t r a l  r e a l  p o t e n t i a l  had t o  be modified 

from the  s tandard s i n g l e  Woods-Saxon (SWS) shape i n  

order  t o  ob ta in  an adequate desc r ip t ion  of the  l a r g e  

momentum t r a n s f e r  da ta  (up t o  - 5 fm'l). The 

phenomenological modif icat ion of the  r e a l  c e n t r a l  

p o t e n t i a l  consis ted of adding a short-ranged repu l s ive  


