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Abs t rac t -  We use Feshbach's p r o j e c t i o n  f o rma l i sm t o  w r i t e  an equa t i on  f o r  t h e  
wave f u n c t i o n  t h a t  desc r i bes  t h e  r e l a t i v e  d i s t a n c e  between t h e  cen te rs  o f  mass o f  t h e  
two i ons .  We assume t h a t  t h e  Q-space can be t r u n c a t e d  a t  t h e  e x c i t a t i o n  o f  l p - l h  
i n  e i t h e r  one o r  t h e  o t h e r  i on ,  l e a v i n g  one o f  them i n  i t s  ground s t a t e .  I n  t h e  p ro -  
pagator  o f  t h e  e f f e c t i v e  p o t e n t i a l ,  t h e  two-body i n t e r a c t i o n  i s  rep laced  by t h e  i o n -  
i o n  mean f i e l d  VMF. The m a t r i x  elements o f  t h e  e lementary  i n t e r a c t i o n  a r e  o f  f i n i t e  
range, represented by an e f f e c t i v e  Wigner f o r c e .  The t o t a l  many-body wave f u n c t i o n  i s  
ant isymmetr ized o n l y  i n  t h e  p a r t i a l  i n t r i n s i c  wave f u n c t i o n  o f  each i o n .  C a l c u l a t i o n s  
a r e  done i n  t h e  Thomas Fermi approx imat ion .  The Coulomb energy i s  n o t  cons idered.  

The model - Using these  p r e s c r i p t i o n s  we d e r i v e d  i n  ( 1 )  t h e  imaginary  p a r t  o f  t h e  

o p t i c a l  p o t e n t i a l  f o r  heavy i o n  s c a t t e r i n g .  I n  c o o r d i n a t e  space i t  i s  
-i(~+VnF)t -. w,,= Jdt Pt<f?l%e IR') 1IjIdtb?di,dq<i,\ 9 e''t~tli,>- 

- -;Kt 
< < k e  13;) F (ff',C',i;) F(&<,4) (1.1) 

w i t h  

The q u a n t i t i e s  p, p denote t h e  h o l e  and p a r t i c l e  d e n s i t i e s  r e s p e c t i v e l y ,  pM i s  t h e  

d e n s i t y  assoc ia ted  w i t h  t h e  wave f u n c t i o n  o f  r e l a t i v e  mot ion .  The o p e r a t o r s  T  

and VNF a r e  t h e  k i n e t i c  energy o f  r e l a t i v e  mo t i on  and t h e  i o n - i o n  mean f i e l d  r e -  

s p e c t i v e l y ,  Hc denotes t h e  i n t r i n s i c  Hami l t on ian  o f  e i t h e r  i o n  A  o r  8. I n  eq.(1.2) 

t h e  yl denote s i n g l e  p a r t i c l e  wave f u n c t i o n s .  I n  analogy t o  ( 2 )  we t a k e  t h e  two- 
-.a**-. 

body i n t e r a c t i o n  v  t o  be an e f f e c t i v e  \aligner f o r c e ,  o f  f i n i t e  range v(R,v;,r,,z;,,,S3) = 
4 a  2 

6 ( $ - 5 )  6(F1-f4) u (R+rl-r2). T h i s  s e t s  t h e  e x c i t a t i o n s  o f  l p  and l h  a t  t h e  same 

p lace  i n  one o f  t h e  ions ,  say A, as w e l l  as t h e  v i r t u a l  e x c i t a t i o n  i n  t h e  o t h e r  ion,  

b u t  i s  non loca l  i n  t hese  two. Then t h e  q u a n t i t y  F  s imp ly  reduces t o  t h e  averaged 

i n t e r a c t i o n  u  i n  t h e  d e n s i t y  d i s t r i b u t i o n  of t h e  i o n  which remains i n  t h e  ground 

s t a t e  

We take  u  = -u e-(' lro)f uo  = 26.5MeV, ro = 2.25fm. 
0 (1.4) 
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To e v a l u a t e  WR,R, we use t h e  semic lass i ca l  app rox ima t i on  ( 2 )  

d i  ' t (g+'o('30 ( - - ~ H J  < $ + & 1 3 ~ ~ ~ 1 2 - + ) =  qmi 
- r ~  * zm 11.51 

where m and p denote t h e  nuc leon mass and t h e  reduced mass o f  t h e  A  s B system, r e -  

s p e c t i v e l y ,  and Vo i s  t h e  i n t r i n s i c  p o t e n t i a l  o f  one i o n .  F o l l o w i n g  s i m i l a r  mani-  

p u l a t i o n s  as i n  ( 2 )  one ob ta ins  t h e  imaginary  p a r t  o f  t h e  o p t i c a l  p o t e n t i a l  i n  

Wigner space as 

where 

5?f?+i,d-$-r:3 i- 34 y(F+ ~IZ) 
2 a 
R+R " The c o o r d i n a t e  Y = 7 and Q  i s  i t s  con juga te  momentum. The two d e l t a - f u n c t i o n s  i n  

(1.7) desc r i be  momentum and energy conservat ion ,  t h e  O f u n c t i o n s  t a k e  t h e  phase 

space f o r  p a r t i c l e s ,  ho les  i n  account.  

C a l c u l a t i o n s  - C a l c u l a t i o n s  a r e  performed f o r  a  symmetric system. Fo r  t h e  i o n  den- 

s i t y  p r o f i l e s  we use Gaussians. We use a  l o c a l  paramet r ized as a  Gaussian ( 1  ). 

2  The imaginary  p a r t  1.1 (E,Y,Q) - A l l  r e s u l t s  a r e  on t h e  energy s h e l l  E  = %,+VrqF. For 

Gaussian d e n s i t i e s  t h e  c a l c u l a t i o n  o f  W(E,Y,Q) i s  reduced t o  a  t w o - f o l d c r n t e g r a t i o n  
C t  2 - 9y .Y )  ~ ( ~ , Q ) - ~ ~ x x F ~ ~ Y " * ? ~ & ( ~ ) T ~ ~ ~ ~  QY 0 a l + ~ b  o I($,~) 

where c t  denotes t h e  c l a s s i c a l  t u r n i n g  p o i n t  i n  Vo(X) and I (q ,X)  i s  a  f u n c t i o n  which 

con ta ins  t h e  i n t e g r a t i o n  over  a l l  nes ted ranges o f  moment and i s  t o o  l e n g t h y  t o  be 

shown here. 

F i r s t  we d i scuss  t h e  r e s u l t s  f o r  Ld as f u n c t i o n  o f  t h e  i n c i d e n t  energyX)<E/A<150 

(A i s  t h e  Fermi energy)  f o r  a  symmetric system A = 64. 

I n  F i g .  1 we show W c a l c u l a t e d  w i t h  and w i t h o u t  t h e  i o n - i o n  mean f i e l d  Vr,,F, f o r  a  

f i x e d  d i s t a n c e  Y = 5.5 fm. A t  h i s  l a r g e  o v e r l a p  o f  t h e  d e n s i t i e s ,  t h e  mean f i e l d  

has a  s t r o n g  i n f l u e n c e  on L.1, s p e c i a l l y  f o r  s m a l l e r  i n c i d e n t  energ ies  E/A<50. Whereas 

i n  t h e  absence o f  VMF, W s t a r t s  a t  0 a t  E  = 0, and i nc reases  sha rp l y ,  t h e  presence 

o f  VrIF l eads  t o  a  s l o w l y  decreas ing W(E). The reason i s  t h a t  i n  t h e  i n t e r a c t i o n  

r e g i o n  VnFis much l a r g e r  than t h e  i n c i d e n t  energy (asympto to ic  k i n e t i c  energy),  i . e .  

i t s  c o n t r i b u t i o n  t o  t h e  k i n e t i c  energy a t  a  g i v e n  approach d i s t a n c e  between t h e  i o n s  

i s  dominant.  



IMAGINARY PART OF OFTICAL POTENTIAL 
A =  64, symmetric 

- with mean Freld V,,, ---- without V,, 

--------____ 

Energy dependence o f  t h e  imaginary  p a r t  o f  t h e  o p t i c a l  p o t e n t i a l  W(E,Y) 

(X=4711eV) a t  f i x e d  d i s t a n c e  Y=5.5fm between t h e  i o n s  w i t h  Gaussian den- 

s i t i e s .  F u l l  l i n e  - mean f i e l d  i nc luded ;  dashed l i n e  - no,rnean f i e l d .  

Of  course, i f  t h e  o v e r l a p  o f  t h e  d e n s i t i e s  i s  smal l  (e.g.Y38fm), t h e  i n c l u s i o n  o f  

YMF j u s t  s l i g h t l y  s h i f t s  t h e  energy sca le .  The s p a t i a l  dependence o f  W i s  shown 

i n  f i g . 2 ,  i t  i s  rough l y  o f  Gaussian shape f o r  a l l  enern ies .  
F i n a l l y  i n  F ig .3  we show f o r  t h e  A=12 system t h e  c a l c u l a t e d  a b s o r p t i o n  c ross  sec- 

t i o n  oabs f o r  s t r a i g h t  l i n e  t r a j e c t o r i e s  i n  comparison t o  t h e  exper imenta l  r e -  

a c t i o n  c ross  s e c t i o n  a r e a c t i o n  (3) and t h e  exper imenta l  "C i n e l a s t i c  s c a t t e r i n g  t o  

t h e  4.4.MeV, 2' s t a t e  o f  12C, 02, . Coherent e x c i t a t i o n s  such as t h e  l a t t e r  a r e  n o t  

desc r i bed  i n  o u r  model. S ince they rep resen t  o n l y  a  smal l  f r a c t i o n  of o r e a c t i o n ,  i t  

i s  l e g i t i m a t e  t o  compare o u r  c a l c u l a t i o n  w i t h  t h e  r e a c t i o n  c ross  sec t i on .  I t i s  

s a t i s f a c t o r y  t h a t  t h e  c a l c u l a t e d  aabs l i e s  below t h e  exper imenta l  o react ion ;  t h i s  
leaves room (about  a  f a c t o r  2-3) f o r  o t h e r  than l p - l h  e x c i t a t i o n s .  

S p a t i a l  dependence o f  W f o r  f i  

va lues o f  t h e  i n c i d e n t  energy 

xed 

E/A. 
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Out look 

We p l a n  t o  extend t h i s  formal ism t o  energ ies  up t o  lGeV/N. To do t h a t  t h e  e f f e c t i v e  

two-body i n t e r a c t i o n  has t o  be ad jus ted  adequately and we have t o  c o r r e c t  f o r  r e l a -  

t i v i s t i c  e f f e c t s .  A t  these h i g h  energ ies  t h e  n e g l e c t i o n  o f  Coulomb d i s t o r t i o n  and 

t h e  Har t ree  approx imat ion become even more r e a l  i s t i c .  
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F ig .3  - The c a l c u l a t e d  abso rp t i on  

cross s e c t i o n  f o r  t h e  12c+12c 

r e a c t i o n  compared t o  t h e  ex- 

per imenta l  r e a c t i o n  cross sec- 

t i o n  and experimental  12c i n -  

e l a s t i c  s c a t t e r i n g  t o  t h e  2' 


