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NUCLEON PREEQU I L I BR I UM EM I SS I ON I N  L I GHT
AND HEAVY I ON I NDUCED REACT I ONS 

w . Scobe l , E .  Mordhor s t , M .  Strecker
Un i ver s i ty of  Hambu rg , D - 2000 Hamburg , Fed . Rep . Ge rmany  

R . f ap l a r
R ud j e r  Boskov i c  I n st i t ute , 4 1 00 1  Z a g re b , C roat i a ,  

Y u go s l a v i a  

I n  l i g ht a n d  heavy  i o n i n duced  re a ct i on s , i n c l u s i v e s pect ra  
of n u c l eo n s  em i tted w i t h h i g h  energ i e s h a v e  been de s c r i bed 
qu i te s u c c e s sf u l l y w i th sem i c l a s s i c a l  mode l s .  T h e s e  mode l s  
more o r  l e s s  h av e  a few b a s i c  concept s  i n  common 1 , n ame l y  t he
equ i l i b r at i on t h rough  a sequence  of  i nt r a n u c l ea r  n u c l eo n ­
nuc l eon  c o l l i s i o n s , t he  c l -a s s i f i c at i on o f  t r an s i ent conf i g u ra ­
t i on s  by t h e  n umber of  s i ng l e  p a rt i c l e  deg ree s o f  f reedom 
( exc i to n s ) ,  and a pp l i c a t i on of E r i c s on-W i l l i ams -type exc i ton  
d i  st  r i but  i o n f unct i on s  P Ew < E* . n 0 ) .  Whenever  t he se  under l y i ng
a s s umpt i on s  o ver s i mp l i fy the  d e s c r i pt i o n  of t h e  t h e rma l i z at i on 
proc e s s  - e . g .  by neg l e c t i n g res i d u a l i nterac t i on s  o r  by 
putt i ng con s tr a i n t s  on  the i nj e c t i on of the proj ect i l e i nto  
t h e  t a rget n u c l e u s  - d i s c repanc i e s may  occ u r . I n  t h i s  contr i ­
but i on we d i s c u s s  two of them . 
( i ) Dev i at i on s  f rom the  equ i d i s t a nt  s pa c i n g of  s i n g l e  p a rt i c l e
state s occ u r i ng n e a r  the  doub l e  s he l l · c l o s u re N = 1 26 ,  Z =B�
generate  structure s  i n  t h e  p a rt i a l  den s i t i e s of  ( 1 p ) ( 1 n ) -
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F i g .  1 .  H i gh e nergy  p a rt of  t he  Pb ( p , xn )  s pectra  i n  t h e  forw a rd 
cone e 1 a b< 60 ° . T h e  s o l i d  l i ne  i s  a m i c ro s c op i c a l l y c a l cu l ated 
1 p 1 n-1 state dens i ty2 .
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s t a t e s  pop u l ated  by proton  i n d u c ed n e utron  em i s s i on 2 f rom the 
i n i t i a l  n o = 3  exc i ton  c o n f i gu r at i on ( F i g .  1 ) .  I n  add i t i o n , t he 
a v e rage  preequ i l i b r i um y i e l d  f o r  re s i d u a l  e x c i t at i o n s  U < 1 5  Me V 
i s  s u b s t a nt i a l l y e n h a n ce d . -

( i i )  Nuc  1 eon  energy s pectra  of  rea c t i on s  i nd u ced  w l t h  
E R = 1 0 - 30 Me V / nuc l eon  p ro j ec t i l e s  ( 1 2 C ,  2 0 Ne , 1 2 S )  h a v e  been  
a n a l y zed  w i t h the  exc i to n  a s  we l l  a s  w i t h t he  Bo l t zma n n  
ma s te r  equ a t i on mod e l 3 , 4 . I t  h a s  b ee n  f o u nd  t h a t  t he  i n i t i a l
exc i to n  number  n 0 i s  i n  t he  o rd e r  of t he  n u c l eo n  ma s s  n umbe r  
Ap , b u t  s eems  t o  i n c re a s e  w i t h E P. . I n  o rd e r  t o  study  the  
s 1 g n i f i c a n c e o f  t he v a 1 u e s n o i n t r o ci u c e d by u s e of · PE w ( E * , n o ) 
f o r  t he  i n j ec t i on term5 , we  rep l a c e d  i t  by a n  expre s s i o n t h at 
i s  d e r i ved  f rom pure  p h a s e  s p a c e  c on s i d e r a t i o n s  for  two 
i n te rpenet rat i ng F e rm i  s ph e re s 6 ; i t  i s  i n s p i red  by the F e rm i  
j et i de a  a n d  a l l ow s  t o  i nc l ud e  noncent ra l c o l l i s i on s .  F o r  a 
g i v e n  n o , both  a ppro a c h e s  l e a d  to  d i f fe rent , but  s i m i l a r 
i n j ec t i on s p e c t ra ( F i g . 2 ) . 
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F i g .  2 . C omp a r i s o n  of 
d i f f e rent  i n j e ct i o n 
s pectra , 6 . 

1 .  J .  B i s p l i nghof f , P hy s . Rev . C 3 3  ( 1 986 ) 1 56 9 
2 . K .  H a rd e r  et  a l . ,  s u bm i tt e d  'to'""Phy s . Rev . C ( 1 987 ) 
3� E .  Ho l ub e t  a l . ,  P hy s . Rev . C 3 3  ( 1 98 6 } 1 4 3-
4 .  R .• f a p l a r et a l . ,  Y e r h a n d l g .-irP"G ( V I ) 22 { 1 987 ) 
5 .  M .  B l a n n , P h y s . Rev . C 3 1  ( 1 98 5 ) 1 24 5 --
6 .  w .  Scobe l a n d  M .  B l anii";-to be p ub l i s h e d  




