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A general formalism for the scattering of heavy ions, which is  especially convenient to 
study the antisymmetrization effects, i s  developed. Antisymmetrization effects are investi- 
gated by expanding the completely antisymmetrized wave function according to the number of 
exchanged nucleons. The particle-core model for the scattering of nuclei with loosely bound 
nucleons is presented. A formula for the additional contribution to the effective potential due 
to antisymmetrization effects i s  obtained by calculating the expectation value of the Hamilto- 
nian with intrinsic wave functions. Application of the formalism is  illustrated for the ' 4 ~  + 1 4 ~  

scattering problem and its usefulness is demonstrated. 

I .  INTRODUCTION 

In the  scat ter ing of two identical light nuclei, 
such a s  =C, 14N, 160, or  "0, the elast ic  excita- 
tion functions revea l  prominent g r o s s  s t ruc tures  
with widths of 2-3 M ~ v . ' - ~  Fur thermore ,  in  the  
excitation functions f o r  the  e las t i c  scat ter ing of 
12C on 12C and 160 on "0, the intermediate  s t ruc-  
t u r e s  of width -0.3 MeV a r e  superimposed over  
the g r o s s  s t ruc ture ,  while the 14N-14N and 1sO-180 
c r o s s  sect ions s e e m  t o  show no intermediate  s t ruc-  
ture .  This  different behavior may be  explained a s  
due t o  a stronger  absorption of high part ia l  waves 
in  the  c a s e s  of '*N and This  is because both 
nuclei have loosely bound nucleons outside the 
closed shel ls  and, therefore,  inelast ic  surface 
reaction processes  a r e  more  probable than in the 
case  of the closed-shell nuclei ''C and IBO. In the 
14N-14N scat ter ing a fur ther  smoothing effect of 
the g r o s s  s t ruc ture  a r i s e s  due to  the spin, I = 1, 
of the 14N nuclei since the scat ter ing wave func- 
tion h a s  to  be  symmetr ized differeatly compared 
t o  the c a s e  of two identical spin-zero nuclei.' 

The scat ter ing of two 14N o r  "0 nuclei is inter-  
esting t o  study in many respects .  In th i s  paper  
we exarnine mainly the effects due t o  the antisym- 
metrization between the  nuclei. It is customary 
t o  t r e a t  two identical nuclei with integer Spin a s  
bosons and t o  symmetr ize  the  wave function f o r  
the  exchange of the whole nuclei.' The scat ter ing 
wave function, then, consis ts  of two t e r m s ,  the 
so-called direct and total exchange t e r m s  which 
can be  t ransformed into one another by replacing 
the  nucleons of nucleus 1 by the nucleons of nucle- 
u s  2 and vice versa.  But these  two t e r m s  r e p r e -  

sent only a par t  of the  full antisymmetrization. In 
an exact t reatment  the ant isymmetr ized wave func- 
tion may be  generated f r o m  the  direct  t e r m  by suc-  
cessively interchanging the nucleons between the  
nuclei.' When the  maximum number of par t ic les  
is exchanged, the total exchange t e r m  is obtained 
again. 

F o r  identical nuclei the total exchange t e r m  has  
the  Same intr insic  wave function a s  the  d i rec t  
t e r m ,  i.e., both t e r m s  have maximum overlap, 
if one integrates  over  the  intr insic  nucleon coor- 
dinates only. All other exchange t e r m s  have a 
smal le r  intr insic  overlap with the direct  t e rm.  
The overlap d e c r e a s e s  with the number of nucle- 
ons exchanged and vanishes asymptotically fo r  
l a r g e  separat ions of the nuclei. 

The scat ter ing amplitude depends on the  in te r -  
action between the d i rec t  and exchange t e r m s  in 
the wave function.' If the  different t e r m s  do not 
overlap, no antisymmetrization would be required 
and the direct  t e r m  alone would descr ibe  the sca t -  
ter ing correctly. In the  sur face  region, where the  
nuclei come into contact, the overlap of the direct  
and the exchange t e r m s  decreases  rapidly with the  
number of exchanged nucleons. Since most  of the 
observed s t ruc ture  in  the  c r o s s  sect ions is pro- 
duced in the sur face  region, effects due t o  the 
Paul i  principle can be  analyzed with wave func- 
t ions which a r e  expanded according to the  number 
of exchanged nucleons. This  method is convenient 
and useful because the additional nucleus-nucleus 
potentials a r i s ing  f r o m  the antisymmetrization 
give only s m a l l  contributions in the  sur face  region 
and decrease  rapidly with the number of exchanged 
part ic les .  With increasing overlap of the nuclei, 


























































