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With the  recent a v a i l a b i l i t y  of increased 6 ~ i  well  depth Vo between about 100 and 250 MeV a t  

beam i n t e n s i t i e s  (of order 10-30 pnA) on t a rge t ,  roughly 50 MeV in te rva l s .  We chose t o  f i t  a l l  data  

the  99 MeV 6 ~ i  elas t ic-scat ter ing angular d is t r ibu-  with Vo = 95 MeV (corresponding t o  a half-maximum 

t ions  f o r  12c, 28~i,  4 0 ~ a ,  58~i, 9 0 ~ r  and 2 0 8 ~ b  radius  of 1.30 A~~~~ fm) . The qua l i ty  of f i t  

previously reported1) have i n  most cases been generally obtained is represented by the  example 

extended t o  c.m. sca t t e r ing  angles near 50-55' 6 ~ i  + 58~i  i n  Fig. 1; the  po ten t i a l  parameters 

(where the  absolute cross section is  of order 10 indicated i n  t h a t  f igure  a r e  a l s o  typ ica l  of 

ublsr  f o r  a l l  t a rge t s  heavier than 12c). A t  t he  those f o r  most o ther  t a rge t s .  

same time, the  previous measurements were p a r t i a l l y  

repeated t o  remove uncer ta int ies  and inconsis- 

tencies  t raceable  i n  pa r t  t o  the  very low 

(subnanoamp) beam i n t e n s i t i e s  i n  the  e a r l y  experi- t !  I 
ments. Reliable charge in tegrat ion possible a t  

the  present beam i n t e n s i t i e s  allowed proper 

absolute normalization of t h e  cross  sect ions  f o r  

a l l  t a rge t s ,  while comparison of left-of-beam vs. 

right-of-beam sca t t e r ing  a t  forward angles es- 

tabl ished the  O0 reference f o r  a l l  angular 

d i s t r ibu t ions  t o  5 0.1'. Zero-angle d r i f t s  i n  the  

beam were monitored by a p a i r  of f ixed detectors  

located a t  + 14'. 

These angular d i s t r ibu t ions  have been analyzed 

i n  terms of a 6-parameter, complex, l o c a l  opt ica l -  

model po ten t i a l  with Woods-Saxon formfactors. The 

d i sc re te  potential-strength ambiguities commonly 

encountered f o r  moderately o r  s t rongly  absorbed 

p r o j e c t i l e s  a t  lower energies a r e  s t i l l  unresolved 

by the  present higher-energy data.  Largely 

equivalent f i t s  a r e  obtainable f o r  r e a l  cen t ra l  
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I n  view of the  appreciable c l u s t e r  probabi l i ty  

of 6 ~ i  a s  a weakly-bound a + d system, we have a l so  

attempted t o  describe the  6 ~ i  e l a s t i c  sca t t e r ing  

within the  framework of a simple c l u s t e r  po ten t i a l  

folding model. I n  terms of the  well-known 

a-particle and deuteron o p t i c a l  po ten t i a l s  Ua, Ud 

we define the  6 ~ i  o p t i c a l  po ten t i a l  a s  

where G-d i s  the  i n t e r c l u s t e r  (a-d r e l a t i v e  motion) 

function. Ignoring poss ible  d i s t o r t i o n  of t h e  

c lus te r  and its const i tuents  i n  t h e  nuclear 

f i e l d ,  we generated reasonable S-state model 

wavefunctions GXa!d from phenomenological u+d 

po ten t i a l s  which were required t o  reproduce 

cor rec t ly  (1) the  binding energy EB = 1.472 MeV 

of 6 ~ i  w.r. t. breakup i n t o  a+d, (2) the  empirical  

low-energy 3 ~ 1  a d  sca t t e r ing  phase s h i f t s , 2 )  and 

(3) the  charge formfactor of the  6 ~ i  ground s t a t e  

a s  determined from e lec t ron  ~ c a t t e r i n g . ~ ) ~ u r t h e r -  

more, i n  order t o  account phenomenologically f o r  

antisymmetrization e f f e c t s  a t  small a-d separation 

dis tances  r, we required G-d t o  have the  correct  

r a d i a l  quantum number (e.g., a 2s s t a t e )  and/or 

approach zero f a s t e r  than r2 a s  r + 0 (e. g., by 

introducing a repuls ive  core i n  t h e  potent ia l ) .  

In Fig. 2, two such poss ible  a-d bound s t a t e  

formfactors a r e  U l u s t r a t e d :  (a) represents  a 

2s s t a t e  (with a node a t  1.6 fm) i n  a r e a l  Woods- 

Saxon plus  Coulomb po ten t i a l  Va-d(r) = Vo €1 + 

exp I-' + Vc (r)  with Vo = -79.0 MeV, R = 1.83 
a 

fm, a = 0.70 fm, and Vc due t o  a uniformly 

charged sphere of radius  R; (b) i s  a 1s Eckart 

function ~(1-emu=) i e - ~ ~ ,  with a = .714 and k2  2 
r 

which i s  an e igensta te  of the  r e a l  po ten t i a l  

with repulsive core Va-d(r) = -44.4(ear-1)-l + 

For Ua and Ud we chose phenomenological 

o p t i c a l  po ten t i a l s  4, which f i t  e l a s t i c  a and d 

2 
sca t t e r ing  data  a t  the  appropriate energies Ea = - 

3 

ELi, Ed = i ELi For 58~i, the resu l t ing  folded 

6 ~ i  poten t i a l  ( r e a l  and imaginary c e n t r a l  pa r t s )  

is compared t o  the  b e s t - f i t ,  6-parameter Woods- 

Saxon po ten t i a l  i n  Fig. 3 (cf.  Fig. 1 f o r  the  

parameter values of the  b e s t - f i t  po ten t i a l ) .  The 

6 ~ i  folded po ten t i a l  is seen t o  be f a i r l y  

insens i t ive  t o  the  p a r t i c u l a r  choice of i n t e r -  

c l u s t e r  function &-d. The generally good overa l l  

agreement of t h e  imaginary po ten t i a l s  is very 
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l i k e l y  for tu i tous  s ince  absorption modes c lea r ly  

6 e x i s t  f o r  L i  which cannot be accounted f o r  by the  

superposit ion of a-par t ic le  and deuteron absorption. 

The r e a l  p a r t  of the  folded 6 ~ i  poten t i a l  exh ib i t s  

a somewhat rounder knee-region, but otherwise 

agrees remarkably wel l  i n  shape with the  phenom- 

enological  r e a l  potent ia l .  However, i t  is c lea r ly  

too l a rge  i n  magnitude by about a f ac to r  of 2 

everywhere, including the  all-important surface 

region 4 < R < 7 fm. This unexpectedly l a rge  and 

systematic overestimate of the  r e a l  po ten t i a l  f o r  

6 ~ i  by the  a+d c l u s t e r  folding model has a l so  

WOODS- SAXON --- 

been found by Satchler and Love5) f o r  a double- 

folding model of the  6Li po ten t i a l  i n  terms of a 

r e a l i s t i c  e f fec t ive  2-nucleon in te rac t ion  which 

accounts reasonably wel l  f o r  heavier-ion scat ter ing.  

A l i k e l y  cause of the  required renormalization i n  

po ten t i a l  s t rength  given by the  two d i s t i n c t l y  

d i f fe ren t  folding-model approaches is  the  neglect  

of d i s t o r t i o n  and breakup of t h e  6 ~ i  i n  the  f i e l d  

of the  t a rge t  nucleus, although it i s  a p r i o r i  not 

evident t h a t  such corrections should give a uniform 

scal ing of the  folded po ten t i a l s  o r  even have the  

correct  s ign (repulsive).  
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The 99 MeV 6 ~ i  + 58~i elastic scattering data 

were fitted with the real folded potential, which 

wes allowed to be renormalized by a factor N, and 

using two forms of the imaginary potential: (1) 

the folded imaginary formfactor with strength 

adjusted for best 2-parameter fit, and (2) a Woods- 

Saxon imaginary potential with adjustable parameters 

(4-parameter fit). The results are illustrated in 

Fig. 4. A good fit is obtained in this case with 

N = 0.45 and a Woods-Saxon imaginary part (solid 

curve); the X2-vslue is about twice that for the 

purely phenomenological 6-parameter Woods-Saxon 

fit of Fig. 1. The fit obtained with the folded 

imaginary potential (dashed curve) is considerably 

2 worse (X is 7 times larger than the best-fit value). 

The conclusion we draw from this investigation 

is that although the cluster-folding model appears 

6 to produce the "correct" radial shape of the Li 

real potential (in the sense that scattering data 

are well fit), the substantial, uniform renormal- 

ization of strength required indicates that the 

folding model in its present form (without 

breakup and other corrections) is too simplistic to 

provide a semi-microscopic basis for the 

phenomenological 6 ~ i  potential. 
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