
A STUDY ON THE FUSION REACTION 139La + 12C

AT 50 MeV/u WITH THE VUU EQUATION

M. Pi, P. Schuck, E. Suraud, C. Gregoire, B. Remaud, F. Sebille

To cite this version:

M. Pi, P. Schuck, E. Suraud, C. Gregoire, B. Remaud, et al.. A STUDY ON THE FUSION RE-
ACTION 139La + 12C AT 50 MeV/u WITH THE VUU EQUATION. International Workshop
on Semiclassical and Phase Space Approaches to the Dynamics of the Nucleus, 1987, Aussois,
France. 48 (C2), pp.C2-181-C2-183, 1987, <10.1051/jphyscol:1987226>. <jpa-00226492>

HAL Id: jpa-00226492

https://hal.archives-ouvertes.fr/jpa-00226492

Submitted on 1 Jan 1987

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
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Resume -- Recement ,  Bowman e t  co l l abora teurs  on t  t rouve que dans l a  r e a c t i o n  
139La + 1 2 ~  h 50 MeV/A un r e s i d u  de fus ion  e s t  forme. Nous simulons 
c e t t e  r e a c t i o n  en resolvant  l ' bqua t ion  VUU e t  nous trouvons e f fec t ive -  
ment que dans l e  cas d'une c o l l i s i o n  c e n t r a l e  l e  systeme fusionne e t  
s ' e q u i l i b r e  aprks 90 fm/c. 

Abstract  Recently Bowman e t  a l .  found t h a t  i n  t h e  r e a c t i o n  ' 3 9 ~ a  + '*C a t  
50 MeV/u a  compound nucleus i s  formed. We s imulate  t h i s  r e a c t i o n  w i t h  a  
numerical s o l u t i o n  of t h e  VUU equat ion and indeed f ind  t h a t  f o r  a  cen- 
t r a l  c o l l i s i o n  t h e  system fuses  and e q u i l i b r a t e s  a f t e r  90 fm/c. 

I n  a  r ecen t  experiment Bowman e t  a l .  [ 11 found t h e  s u r p r i s i n g  f e a t u r e  

t h a t  a t  an energy as  high a s  50 MeV/u t h e  system + 2~ apparent ly  forms a  hot 

compound nucleus which s e q u e n t i a l l y  undergoes f i s s i o n .  I n  t h i s  work we perform a  

t h e o r e t i c a l  s tudy on t h i s  r e a c t i o n  using the  now a v a i l a b l e  numerical s o l u t i o n  of t h e  

Ylasov Uehling Uhlenbeck equation [ 2 , 3 ]  . F O ~  t h e  mean f i e l d  we use c 4i 

and f o r  t h e  e f f e c t i v e  cross  s e c t i o n  e n t e r i n g  t h e  c o l l i s i o n  i n t e g r a l  

w i t h  

O .or 
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where t h e  a t t e n u a t i o n  f a c t o r  Y was ad jus ted  t o  t h e  G-matrix c a l c u l a t i o n  by Lejeune 

e t  al.[5]. Using t h e s e  ingred ien t s  we show on F ig .  I t h e  evo lu t ion  of t h e  r e a c t i o n  

+ I2c a t  50 MeV/u f o r  z e r o  impact parameter.  We s e e  t h a t  t h e  12c has  been 

"swallowed" by t h e  1 3 9 ~ a  a f t e r  40 fm/c accompanied by an i n c r e a s e  of t h e  d e n s i t y  

up t o  1.3 p. . From 40 fm/c t o  70 fm/c fol lows a  decompression phase under- 

shoo t ing  t h e  s a t u r a t i o n  dens i ty  by % 10%. I n  p a r a l l e l  w i t h  t h i s  decompression pha- 

s e  goes a  forward-backward emission of pre-equi l ibr ium p a r t i c l e s  ( s e e  below). For 

l a t e r  t imes a  monopole v i b r a t i o n  e s t a b l i s h e s  w i t h  p a r t i c l e  emission which has  beco- 

me i s o t r o p i c  a t  90 fm/c. 

I n  Fig .  2 we show t h e  time evo lu t ion  of t h e  p ressu re  t ensor  which i s  avera- 

ged over t h e  d i r e c t i o n s  perpendicular  t o  t h e  beam. We thus  d i sp lay  on t h e  graph t h e  

two dimensional func t ion  

p,, ( 2 ,  t )  + YYY (21 p, tj= 
z T=,cz, t) 

We s e e  t h a t  t h e  va lue  q = 1 and thus  l o c a l  equi l ibr ium i s  reached a f t e r  80 fm/c. 

We t h e r e f o r e  f u l l y  confirm t h e  f ind ings  of r e f  [l1 i n  t h e  sense  t h a t  an equ i l ib ra -  

t ed  compound nucleus i s  formed i n  t h e  r e a c t i o n  + 12c f o r  50 MeV/u. 

20 f m l c  70 f m / c  

30 f m / c  40 f m l c  80 f m l c  90 f m / c  

F ig .  1 T o t a l  d e n s i t y  of c o l l i d i n g  n u c l e i  averaged i n  t h e  Y d i r e c t i o n  a t  d i f f e r e n t  

time s t e p s .  



Fur the r  s t u d i e s  us ing  d i f f e r e n t  impact parameters and s t i l l  h igher  ene rg ie s  

a r e  underway. At t h e  moment we s topped our  c a l c u l a t i o n s  a t  90Em/c; i t  would be 

an  i n t e r e s t i n g  q u e s t i o n  t o  s e e  whether t h e s e  c a l c u l a t i o n s  a l low a t  much longer  ti- 

mes f o r  f i s s i o n .  

- 20 z(fm) + 20 

Fig.  2 Represen ta t ion  of ( Z , t )  f u n c t i o n  ( s e e  t h e  t e x t )  
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