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With a schematic model for the nuclear matter we give a unified treatment of the rea l  
and imaginary parts of the elastic oiG-Ot6 scattering potential. The model connects the 
parameters of the potential with the density and binding properties of the 0 ~ ~ - 0 ~ % ~ s t e m  
and reproduces the structure of the excitation function quite well. It is shown that the 
nuclear compressibility can be obtained from the scattering data, and in the case of the 
s~~ compound system there results an effective compressibility (finite quenching of the 
nuclei) of about 200 MeY. 

In  ion-ion coll is ions,  as fo r  example in the  Before the ions  come in contact, the probabil i-  

e l a s t i c  0"-0'' sca t t e r ing  p roces s ,  the  two nu- ty f o r  t rans i t ions  f r o m  the 01' ground state r e -  

c l e i  penet ra te  each  o the r  if the  bombarding e n e r -  mains  s m a l l  s i nce  the  double-closed 0'' she l l s  

gy exceeds  the Coulomb b a r r i e r  (about 1 2  MeV have no low-lying excitat ions.  Behind the con- 

in  the c .m .  sys t em fo r  0''-0''). Above 15 MeV t ac t  point we expect  a competition between two 

(c.m.) t he  exper imenta l  90" 0''-0'' differential  p roces ses :  the  superposit ion of the dens i t ies  of 

Cross  sect ion found by the  Yale groupl is de -  the two nuclei  and the  r ea r r angemen t  of the  0'' 
p r e s s e d  by m o r e  than a fac tor  10 f r o m  t h e  Mott she l l s .  Both p r o c e s s e s  develop in near ly  the  

Cross sect ion and shows a r egu la r  resonance  sa ine  t ime,  because  the collision t i m e  T =  5 X 10-22 

s t ruc tu re  (see Fig .  3). Th i s  obviously sugges ts  s e c  i s  of the  Same o r d e r  of magnitude as a s i g -  

tha t  a r e a l  s ca t t e r ing  potential alone cannot de -  nigicant nuclear  t ime,  e.g.,  the  orb i ta l  t ime  of a 
s c r i b e  such  a behavior and tha t  a s t rong  imagi-  nucleon in the 016 nucleus.  In t h i s  in termedia te  

na ry  p a r t  ha s  to be p r e ~ e n t . ' , ~  It is the  a i m  of region between the l imi t s  of a n  adiabatic and a 
th i s  pape r  to p r e s e n t  some  ideas  on the  or ig in  of sudden p r o c e s s  we choose the sudden approxima-  

the real and imaginary  p a r t s  of the  ion-ion poten- tion as o u r  s t a r t i ng  point. We superpose  the  nu-  
tials and to  compare  the  r e s u l t s  with the  expe r i -  c l e a r  dens i t ies  t o  calculate the  real p a r t  of the  
ment. potential.  The  des t ruc t ion  of the  0'' shel l s ,  by 
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which highly excited s ta tes  of the S32 compound nucleus a r e  formed, will be considered as an essen-  
t ial ly i r revers ible  process  leading to inelastic scattering.  Therefore, we attr ibute to this la t ter  pro-  
cess  the imaginary par t  of the potential. For  i t s  calculation we evaluate the flow of nuclear matter 
out of regions where the density i s  compressed and unstable (see Fig. 2). 

We propose a simplified and phenomenological model of the nuclear matter s imi lar  in the fundamen- 
ta l  ideas to those of the recently proposed nuclear matter theories of BetheS and B r ~ e c k n e r . ~  The fol- 
lowing Ansatz for  the total  nuclear energy is constructed under the condition that we get a l inear and 
analytically solvable equation for the nuclear density distribution p: 

The total energy (1) is thus composed of an ene r -  
gy proportional to the particle number A ,  an e s -  
sentially repulsive energy, an attractive in ter-  
action energy ( V <  0) of Yukawa type with the 
range P, and the Coulomb energy in which we put 
the charge density proportional to the nuclear 
density . 

Disregarding the Coulomb energy and assum-  
ing constant density in (1) we obtain the binding 
energy per  nucleon in infinite nuclear mat ter ,  

One recognizes the nleaning of the constants im-  
mediately. W, is the binding energy p e r  nucleon 
if the density of nuclear mat ter  i s  in the s ta te  of 
saturation, i .e. ,  if p has  the equilibrium value 
P,. The constant C measures  the compressibil i-  
ty of the infinite mat ter  and i s  connected with the 
u s u d  compression modulus K =  9C. 

With the subsidiary condition of constant par t i -  
cle number the variation of the energy with r e -  
spect to P(?) leads to the following sys tem of lin- 
e a r  equations: 

[C/p,-Vp2] p + $ + (eZ/A)q = const, 

Ayi-$/P2= -vp, 

In the limit of very smal l  densit ies,  p << P,,, 
our energy Ansatz (1) i s  incorrect ,  a s  Eq. (2) 
shows. Therefore,  the density cannot steadily 
fall  off to Zero in the nuclear surface.  F rom the 
variation of the energy (1) we also get in addition 
to the differential equations (3) a boundary condi- 
tion which cuts the density down a t  the nuclear 
surface (Y = R):  

The general  solution for  the density distribution 

1 has  the form 

Inserting P in (3) we find the numbers cr and P, 
possibly complex, a s  the roots of a quadratic 
equation. 

With the density distribution of the 016 nucleus 
obtained in (5) we calculate the r ea l  par t  of the 
potential for the 016-016 elas t ic  scattering.  As 
mentioned before we superpose the densities of 
the 016 nuclei assuming the sudden approxima- 
tion: 

with the binding energy of 016, Bols = E(pO16). 
The densities of the 016 nuclei a r e  functions of 

the distances F, and F, measured f rom their  cen- 
t e r s  of mass .  All integrals occuring in (6) can 
be analytically solved for  the density (5) by mak- 
ing use  of the Four ier  transformation of the Yu- 
kawa potential. 

At large  distances only the Coulomb interac- 
tion contributes to the potential (Fig. 1). Near 
the contact point the long-range attractive poten- 
t ia l  depresses  the Coulomb b a r r i e r .  Finally, if 
the two nuclei appreciably overlap, a repulsive 
core  a r i s e s  due to nuclear compressibility. The 
potential V(O), diminished by the difference of 
the binding energies of the S32 and the two Oie nu- 
clei  (16.6 MeV), gives the amount of energy 
needed to compress  the mass  of the S3' nucleus 
into the shape of the 0'' nucleus. To this energy - 

we re la te  an effective compressibility constant, 
which includes the influence of the finite s i ze  of 
the nucleus and which turns  out to be about two 
t imes  larger  than K = 9 C ,  the compressibility of 
infinite nuclear matter in our schematic model. 

In the region of contact of the two ions the su -  
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FIG. 1. Real and imaginary part of the potential f o r  
016-016 scattering (Wo=-14.6 MeV, po=0.14/fm3, C 
= 100/9 MeV, V= -13 616 MeV fm, and p = 0.3 fm). The 
real potential is 115 MeV f o r  r = 0.  

perposed densit ies a r e  highly unstable. We ex- 
pect a flow of nuclear mat ter  out of the regions 
of compressed densit ies (see  Fig. 2). In a micro-  
scopic description we in terpre t  the outflow of 
mat ter  a s  the destruction of the 0'' shel ls .  The 
outflow t imes  a r e  comparable with the reaction 
t imes  of the S32 compound system.  Therefore,  in 
a never -come -back approximation, the outflow 
can be thought of a s  the beginning stage of a l l  in- 
e las t ic  processes .  

To connect the imaginary par t  W of the poten- 
t ia l  with the character is t ic  outflow t ime T we a s -  
sume that the t ime -dependent wave function $ de - 
c r e a s e s  a s  

Then the imaginary pa r t  has  the Same fo rm a s  
derived with the uncertainty principle of Heisen- 

berg,  

The outflow t ime T depends on the degree of 
overlap of the hvo 0'' nuclei and therefore on 
thei r  relative distance. To simplify the problem 
of fixing T we introduce some assuinptions: 

(a) The nuclear mat ter  flows out in the d i rec -  
tion of the smal les t  res is tance,  which is the di-  
rection perpendicular to the relative motion of 
the two nuclei (see  Fig. 2). 

(b) The expansion of the overlap region leads 
to compression oscillations. The density osci l -  
la tes  about the equilibrium s ta te .  Since the out- 
flow of mat ter  is thought of as an i r revers ible  
process  and our  model contains no damping 
force ,  we assume  an outflow time T of half this 
oscil lator period. This assumption needs fur ther  

FIG. 2 .  Model fo r  the imaginary part of the ion-ion 
potential. The cornpressed nuclear matter flows out of 
the region of higher density shown by the shadowed 
area. The arrows indica.te the flow of compressed 
matter. The cylinder is equivalent to the overlap vol- 
ume and expands radially to the dotted size drawn in 
the right-hand figure. 

improvement in the future. 
( C )  To clarify the concept of the oscil lator we 

replace the volume of the overlap region by a 
cylinder of fixed height a s  shown in Fig. 2. The 
radius of the cylinder becomes the oscil lator co-  
ordinate. Additionally we choose a proper  densi-  
ty distribution in the cylinder depending only on 
the radial  coordinate and normalized by the m a s s  
in the overlap region. 

(d) Instead of expression (1) i t  i s  convenient to 
t r ea t  the potential energy of the oscil lator by 

In Epot we neglect the finite range of the a t t r ac -  
tive potential in (1) and the Coulomb energy. 

Near the point of contact the density is too low, 
no compression takes place yet ,  and consequent- 
ly no outflow occurs .  Therefore,  the imaginary 
potential s t a r t s  f i r s t  a t  a certain degree of over -  
lap (see Fig. 1). At the s tar t ing point of W the 
described m a s s  cylinder oscil lates with a Zero 
amplitude according to the potential energy (9) .  
As the ions overlap more  and more ,  the oscil lat-  
ing m a s s  increases  and, consequently, the out- 
flow time T inc reases  which in turn leads to a 
decrease  of the imaginary potential. 

Since no further f r e e  constants appear in the 
model of the imaginary par t  we have only to 
choose the five parameters  W„ P,,, C, V, and P 
of Eq. (1) in o rde r  to fix the potentials. Though 
WO, p,, and C a r e  approximately known from nu- 
c l ea r  matter ~ o r k , ~ , ~  we adjust W,, P,,, and V 
fo r  a given value of C and P to the binding ener -  
gies of 01' and SS2 (-127.6, -271.8 MeV) and to 
the equivalent radius of 0'' o r  S3' (3.40, 4.10 fm).  
For  example with R ~ I C I =  3.40f  m, C =  100/9 MeV, 
and ~ ~ 0 . 8  f m  we find W,= -15.74 MeV, p,=0.154/ 
fm3, and V =  -594 MeV fm.  With that the follow - 
ing nuclear properties resul t  in agreement with 




