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Abrtraa The Fokker-Planck equat ion which describes the  angular momentum 
t r a n s f e r  i n  deep i n e l a s t i c  heavy i on  c o l l i s i o n s  i s  solved by a stochas- 
t i c  s imula t ion  procedure. The fus ion  cross sec t ion  ca l cu la t i o r i  i s  d i s -  
cussed. The ca l cu la t i ons  show t h a t  the c r i t i c a 1  o r b i t a l  angularmomentum 
does not  p lay  such a specia l  r o l e  as i n  t he  de te rm in i s t i c  case. The re-  
s u l t s  o f  a11 the  angular momentum t rans fe r  and t h e i r  . f l uc tua t i ons  a re  
ca lcu la ted and compared w i t h  ex er imental  r e s u l t s  f o r  t h e  r s a c t i o n s  
"~r+ l ' *sm a t  610 M~v," '  ~ o + l ~ 4 m ,  and 1 6 ' ~ o + 1 7 6 ~ b  a t  1400 MeV. 

The use o f  the  Fokker-Planck (F.P.) equation i n  deep i n e l a s t i c  

heavy ion c01 1 i s  ion was f i r s t  proposed by ~ g r e n b e r ~ ' .  S i  nce then, the 

usual procedure f o r  so l v i ng  t h i s  equation has been the  expansion o f t h e  

probabi l i s t  i c  d i s t r i  bu t  ion  func t  ion  in i t s  rnoments up t o  the  secorid orderí!. 

Such a procedure i s  inadequate near the c r i t i c a 1  angular momentum. This 

inadequadecy can be e a s i l y  j u s t i f i e d  by remembering t h a t  the  c r i t i c a 1  

angular momentum character izes an i n s t a b i l i t y  region o f  the under ly ing  

de te rm in i s t i c  system. Th is  has been exh ib i t ed  i n  numerical so lu t ions  o f  

the F.P. equat ion as obtained by Brosa and cassing3 f o r  the case o f  two 

-dimensional phase space. 

I n  t h i s  paper the F.P. equat ion i s  solved by a d i f f e r e n t  pro-  

cedure. b k  made use o f  the f a c t  t h a t  the  r e s u l t s  o f  t h i s  equation a re  

the  same as pred ic ted by the de te rm in i s t i c  system sub jec t  t o  Langevin 

forces o f  adequate strengths.  I n  t h i s  way, the d i s t r i b u t i o n  f u n c t i o n  

was obtained by c a l c u l a t i n g  near ly  18,000 o r b i t s  and o b s e r v i n g  t h e  

d i s t r i b u t i o n s  o f  t he  pe r t i nen t  var iab les  i n  the asymptotic region. The 

under ly ing  de te rm in i s t i c  system used t o  descr ibe the react ions i s  the 



same as o f  reference 4.  The strengths o f  the Langevin forces are  f i x e d  

by imposing the E ins te in ' s  r e l a t i o n s  f o r  the brownian motion. The tem- 

perature i s  ca lcu la ted by ímposing t h a t  the d iss ipa ted energy heats the 

compound system t rea ted i n  the f r e e  Fermi gas model approxihat ion.  The 

o n l  y  parameters which a re  f ree  t o  be adjusted t o  the experimental data 

are the f r i c t i o n  c o e f f i c i e n t s .  These have al ready been f i x e d  i n  r e f .  4. 

Thus the s imula t ion  o f  the  F.P. equation i s  done wi  t h o u t  any f u r t h e r  

adjustments. 

We obtained a  reasonable agreement w i t h  the experimental data 

for:the angular momentum t rans fe r  i n  the react ions 8 6 ~ r + 1 5 4 ~ m  a t  610 

MeVS, 16%o+ '48~m,  and 165~o+176Yb a t  I400 MeV6. I t  i s  worth mentioning 

tha t  we d i d  not  observe a  sharp t r a n s i t i o n  between the deep i n e l a s t i c  

and fus ion  mechanisms when observed as a  f unc t i on  o f  the i n  i t i  a1 o r -  

b i  t a l  angular momentum (L,) . As a  matter  o f  f a c t ,  i n  the 8 6 ~ r + 1 5 4 ~ m  re-  

ac t i on  a t  610 MeV f o r  which the  c r i t i c a l  angular momentum i s  197 A, the 

deep i n e l a s t i c  process s t i l l  compete w i t h  the fusion mechanism even f o r  

values o f  the  i n i t i a l  o r b i t a l  angular momentum as low as 40 A. 

I n  sec t ion  2 we g i ve  a  b r i e f  desc r i p t i on  o f  t h e  r e l a t i o n s  

needed f o r  the de r i va t i on  o f  the  F.P. equation and the method used t o  

f i x  the temperature. I n  sec t ion  3 we g i ve  a  desc r i p t i on  o f  the actual  

model employed i n  the present work and we i nd i ca te  how t o  proceed w i t h  

the s imula t ion .  I n  sec t ion  4 we e x h i b i t  our r e s u l t s  and a  discussion i s  

presented i n  sec t ion  5. 

2. THE FOKKER-PLANCK EQUATION 

bk assume H(q ,p)  t o  be the hami l tonian w h i c h  describes the 

c o l l e c t i v e  modes o f  the  system tha t  couple t o  the i n e l a s t i c  channels o f  

a  heavy ion  c o l l i s i o n .  The e f fec t  of t h i s  coupl ing i s  assumed t o  be de- 

scr ibed by a  s tochast ic  f o rce  whose mean value gives the f r i c t i o n  fo rce  

and the f l u c t u a t i n g  p a r t  i s  taken as a  Langevin fo rce .  We the re fo re  may 

w r i t e  the fo l l ow ing  equations o f  motion 

aH a~ pi = - --r - i.. - + $(t) 
23 â P j  



where rij i s  the  f r i c t i o n  c o e f f i c i e n t  tensor and Ri ( t )  i s  the Langevin 

force. We f u r t h e r  assume t h a t  Ri (t) i s  normal l y  d i s t r i b u t e d  wi t h  

and 

< a i ( t ) 3 ( t 8 ) > = 2 ~  i j  õ ( t - t ' )  . 
Using these assumptions we de r i ve  t h e  F . P .  e q u a t i o n  f o r  

f ( q , p ; t ) ,  the probabi l  i s t i c  d i s t r i b u t i o n  func t ion  f o r  the  c o l  l e c t  i v e  

motion o f  the ~ ~ s t e m " ~  

Imposing t h a t  the b l t zmann  d i s t r i b u t i o n ,  

H 

f(~) = c te .  e 
- r 

I 

i s  the equ i l i b r i um so lu t i on  f o r  the above equation, we o b t a i n  the 

E i n s t e i n ' s  r e i a t i o n  

Kij = T r . .  
23 

w i t h  T p lay ing  the r o l e  o f  the temperature o f  the system. The tempera- 

t u r e  o f  the system i s  'f ixed by the r e l a t i o n  

where 

U(T) = T~ 

i s  the interna1 energy o f  the compound system t rea ted as a  f r e e  Fermi 

gas9 and A i t s  mass number. 

3. THE SIMULATION 

From now on we assume tha t  ii i s  g iven by 



where vb) i s  the same po ten t i a l  energy given i n  reference 4. 
The f r i c t i o n  c o e f f i c i e n t  tensor i s  ca lcu la ted from a Rayleigh 

d i ss ipa t i on  funct ion  F a l so  def ined i n  reference 4 and which we repro- 

duce here: 

As a d i r e c t  consequence o f  the  equations o f  motion the t o t a l  

angular momentum o f  the  c o l l e c t i v e  modes i s  conserved i n  the absence o f  

Langevin forces. We w i l l  r e s t r i c t  these forces i n  o rde r top rese rve  t h i s  

conservation law. I n  t h i s  way the o r b i t a l  angular momentumofthe system 

can be obtained from the r e l a t i o n  

L = L ,  - (J, + J,) 

where L ,  i s  the i n i t i a i  angular momentum o f  the  system. 

To generate the Langevin forces we in teg ra te  the equations o f  

motion by f i n i t e  d i f fe rence i n  steps o f  At  = 0.5 x l f Z 3 s .  At every 

step the Langevin forces are  subs t i t u ted  by random impulses o b t a i  ned 

from a normal d i s t r i b u t i o n  w i t h  zero mean values and covariance m a t r i x  

(a,.) given by: 
23 

o.. = 2 Kij A t  = 2T rij At  
23 

The temperature T i n  the  above equation i s  ca lcu la ted a l o n g  

each t r a j e c t o r y  us ing the equati on,: 

where ~ ( t )  i s  the  energy l o s t  along the o r b i t .  The inc  

d i t i o n a l  term ~ ~ ( t ) / & , ,  the  energy lass through the v 

i s  j u s t i f i e d  i n  reference 4. anism, 

Langev 

l us ion  o f  the ad- 

i b ra t i ona l  mech- 

I n  the case under consideration, we observe tha t  the  rad 

i n  fo rce i s  not cor re la ted t o  the o ther  ones. Therefore we set  



where Uo i s  a random normal v a r i a b l e  o f  zero mean value and un i  t v a r i -  

ante. The impulses g iven t o  J 1  and J2 can be obtained i n  a s i m i l a r  way 

i f  one takes care o f  the  c o r r e l a t i o n  between them. We have thíin1° 

AJ1 = a,. Ul 

w i t h  

and 

The random var iab les  Ul and U, have the same proper t ies  o f  U,, 

We have s imulated an average o f  50 o r b i t s  f o r  every va lue o f  

L, s t a r t i n g  from L, = 40 h up t o  the graz ing  value f o r  each reac t i on  i n  

u n i t  steps o f  E. I n  t h i s  way we s imulated 'L lx10"rbits f o r  1:he 8 6 ~ r  + 
1 5 4  + Sm case, 2x10' o r b i t s  f o r  the  '"H0 + 1 4 8 ~ m  case, and 2 . 3 ~ 1 0 ~  

o r b i t s  f o r  the  l S 5 H o  + 1 7 6 ~ b  react ion.  For each o r b i t  we s t o r e d  t h e  

asymptotic values o f  L, J,, J,, Q* and 8. b k  a lso  kept t h e  c01 1 i s i o n  

t ime for  each o r b i t ,  d e f i n i n g  i t  i n  such a way as t o  have zero va lue i n  

the  graz 

i n  which 

the  r e l a  

ng o r b i  t case. 

These data were analyzed w i t h  the he lp  o f a s t a t i s t i c n l  package 

the s t a t i s t i c a l  weight (w) f o r  each o r b i t  was obtained through 

ion: 

27rbAb wb) = - 
n (LO) 

where n ( ~ ~ )  i s  the t o t a l  number o f  o r b i t s  f o r  the given L o ,  b the  cor -  
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responding impact parameter and Ab t h e  s t e p  o f  b cor respond ing  t o  A L O  = 

= 15. 

4. RESU LTS 

F ig .  1  e x h i b i t s  t h e  deep i n e l a s t i c  and f u s i o n  d i f f e r e n t i a l  

cross s e c t i o n s  as a f u n c t i o n  o f  t h e  i n i  t i a 1  angu la r  momentum (L,,) f o r  

t h e  8 6 ~ r + ' 5 4 ~ m  r e a c t i o n  a t  ELab=610 MeV. We o b s e r v e  r a t h e r  smal l  

va lues f o r  t h e  f u s i o n  c ross  s e c t i o n s  o v e r  t h e  whole L, range. Above 

220 R and up t o  276 h ( the g r a z i n g  v a l u e  o f  L,) , t h e  f u s i o n  c ross  sec- 

t i o n  is p r a c t i c a l l y  zero. The c r i t i c a 1  v a l u e  o f  L ,  ( L ~ ~ )  i n  t h i s  case i s  

197 R.  One observes t h a t  t h e  t r a n s i t i o n  o f  t h e  f u s i o n  c ross  s e c t i o n  i n  

t h e  r e g i o n  o f  LCR i s  n o t  as  a b r u p t  as i t  coud be expected f rom a de- 

t e r m i n i s t i c  c a l c u l a t i o n .  Therefore,  one cannot j u s t  take  t h e  c r i t i c a l  

v a l u e  o f  t h e  angu la r  momentum t o  determine t h e  f u s i o n  c ross  s e c t i o n .  I n  

o u r  case we adopted a l i m i t i n g  t i m e  T f o r  t h e  deep i n e l a s t i c  mech- 
FUS 

anism t o  occur .  I n  f i g .  I iNS was taken t o  be equal t o  3.5 X I O - ~ ' s .  

Th is  t i m e  was o b t a i n e d  through t h e  f o l l o w i n g  argument. I n  the  r e a c t i o n  

under c o n s i d e r a t i o n ,  t h e  maximum temperature reached by t h e  compound 

system i s  approx imate ly  3 MeV. We e s t i m a t e  t h e  s i n g l e - p a r t  i c 1  e w i d t h s  

F ig.1 - The t o t a l  (a), t h e  
deep i n e l a s t i c  (b) and t h e  
f u s i o n  (c) d i  f f e r e n t i a l  cross 
s e c t i o n s  as a f u n c t i o n  o f t h e  
i n i t i a l  an u l a r  momentum f o r  9 the  8 6 ~ r + 1  k m  r e a c t i o n  a t  
610 MeV. The h o r i z o n t a l  s c a l e  
i s  t h e  i n i t i a l  angu la r  mo- 
mentum i n  u n i t s  o f  h (L,=R,~). 
The v e r t i c a l -  s c a l e  i s  t h e  
da/dk ,  i n  mb. The f u s i o n  
c ross  s e c t i o n  was o b t a i n e d  
by assuming a maximum l i m i -  
t i n g  t i m e  -c = 3.5 x 1 0 - ' ~ s  
and under tgS rol  1 i ng assump- 
t i o n  (a2 = O). 



a t  t h i s  e x c i t a t i o n  energy t o  be c lose t o  210 keV. The corrasponding 
- 2 1  

decay t ime i s  then approximately equal t o  3x10 S .  We take t h i s  t ime 

as a  t y p i c a l  maximum t ime f o r  the deep i n e l a s t i c  mechanism. Tht: t o t a l  

f us ion  cross sec t ion  (aFUS) pred ic ted by the c o r r e s p o n d i  ng d e t e r m i  - 
n i s t i c  system i s  1180 mb. I f  we had taken -rFUS = 2 . 5 ~ 1 0 - ~ ~ s  we would 

- 2  1 
have obtained aFUS = 541 mb. For -cFUS = 3 . 5 ~ 1 0  s  we obtained UFUS - - 

= 244 mb. We observe t h a t  owS i s  ra ther  sens i t i ve  t o  the value o f  FUÇ ' 
One of the reasons f o r  expect ing such a  s e n s i t i v i t y  i s  t h a t  we make use 

o f  the p rox im i t y  po ten t i a l  energy i n  our model. This po ten t i a l  e n e r g y  

gives a small b ind ing f o r  the di- nuclear system which i s  e a s i l y  broken 

up by the thermal a g i t a t i o n .  As a  r e s u l t ,  the longer the value o f  T ~ ~ ~ ,  

the smal l e r  i s  o  
FUS ' 

F ig .  2  e x h i b i t s  the  mean value o f  the t o t a l  angular momentum 

t rans fer red t o  the íons (G>) as a  func t i on  o f  the Q* f o r  the reac t i on  

8 6 ~ r + 1 5 4 ~ m  a t  610 MeV o f  labora tory  energy. The open dots were obtained 

from the experimental data5 assuming <J > = 14 K .  Curves and c_ exh i-  
V 

b i t  our r e s u l t s  f o r  two d i f f e r e n t  values o f  $US under the assumption 

o f  the  r o l  l ing  mechanism ( a 2  = O). One observes tha t  bT> i s q u i t e  insen- 

s i t i v e  t o  the va lue of T ~ ~ ~ .  Curve e x h i b i t s  our r e s u l t s  f o r  the s t i c k -  
- 2  1 

ing  mechanism (a2 = 0.5) and -cFuS = 3.5x10 S.  We observe t h a t  t h e  
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Fig .2  - The mean t o t a l  angular 
momentum t rans fe r  <S> i n  the  
8 6 ~ r + 1 5 4 ~ m  reac t ion  as a  func- 
t i o n  o f  the energy loss  (Q*) . 
The hor izonta l  scale i s  Q* i n  
u n i t s  o f  MeV and the v e r t i c a l  
scale i s  the mean t o t a l  angu- 
l a r  momentum t rans fe r  i n  un i  t s  

- 

- 

- 

- 

, 
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o f  h. The open dots are  the 
experimental data o f  reference 
5 assuming CT > = 14  h. Curve 

v 5 i s  the p red i c t i on  a f  our mo- 
de1 w i t h  the  s t i c k i n g  assumK 
t ion (a2=0, 5) and -cFUS =3.5xlÕ 
S.  Curves b and 5 are the same 
as 5 but  under the assumption 
o f  r o l l i n g  mechanism. Curve b  
assumes -c = ~ . ~ x I o - ~ ~ s  and 
,curve c -rFUS 

= 2 . 5 x i 0 - ~ ~ s .  
FU S 

Q* (MeV) 



s tochast ic  s imula t ion  i s  somewhat s e n s i t i v e  t o  the s t i c k i n g  parameter 

and t h i s  hypothesis seems t o  g i ve  a b e t t e r  agreement w i t h  the e x p e r -  

imental data. A s i m i l a r  e f f e c t  was not  found i n  the d e t e r m i n i s t i c  case . 
Another p o i n t  worth mentioning i s  the f a c t  t ha t  the  simulated values o f  

bT> go up t o  Q* = 250 MeV wh i l e  i n  the  d e t e r m i n i s t i c  case, due t o  the 

fus ion  below LCR = 197 li, we could not  ob ta in  p red i c t i ons  o f  cT> above 

Q* = 150 MeV. 

Fig.  3 shows the  standard dev ia t i on  o f  the t o t a l  angular mo- 

mentum t rans fe r  (02 as a func t i on  o f  &* again i n  the reac t i on  8 6 ~ r  + 
+ l S 4 ~ m  a t  610 MeV. The open dots represent the  experimental data5 as- 

suming <J > = 14 Fi. Curves b and c correspond t o  the s imulated values v - 
f o r  .r = 3 . 5 ~ 1 0 - ~ l s  and .rFUS = 2 . 5 ~ 1 0 - ~ ~ s ,  respect ive ly ,  under the 

FUS 
r o l  1 ing  assumption (a2=0) . Contrary t o  what happens wi t h  <J>, the  stan- 

dard dev ia t i on  u i s  more s e n s i t i v e  t o  the vaiue of .rwS. Curve = c o r -  
J 

responds t o  the s t i c k i n g  assumption (a2=a5),and .rNS = 3.5x10-"s. I t  

i s  worth mentioning t h a t  the s t i c k i n g  assumption con t r i bu tes  b o t h  t o  

CT> and t o  uJ by increasing t h e i r  values. 

Fig.3 - The same as f ig .2  but  
r e f e r r i n g  t o  the standard de- 
v i a t i o n  o f  the angular mo- 
mentum t rans fe r  i n  the 8 6 ~ r  + 
+15%m reac t ion .  

I n  f igs.  4 and 5 we exh ib i  t both the values o f  <J, and o f  uJ 
as a func t i on  o f  Q* f o r  the 1 6 5 ~ o + 1 " ~ m  and 165~o+176yb react ions a t  



1400 MeV o f  labora tory  energy. The open dots represent the experimental 

data6 fo r  <J>. The simulated data (sol i d  curves) reproduce essent ia1 1 y  

the de te rm in i s t i c  r e s u l t s  p rev ious ly  obtained4.  

~ i ~ . 4  - The mean value <J> and 
the standard dev ia t i on  o o f  

J the t o t a l  a n g u l a r  momentum 
t rans fe r  as a  f unc t i on  o f  Q* 
f o r  the 16%o+148~m r e a c t i o n  
a t  1400 MeV. The open dots are  
the experimental data f o r  <J> 
o f  reference 6. The two curves 
are  our resul  t s  f o r  <J> (sol i d  
curve) and uJ (dotted c u r v e ) .  
The hor izonta l  and v e r t i c a l  
scales are  the  same as i n  f i g .  
2. 

Fig.5 - The same as 
f o r  the ' 6 5 ~ o + 1 7 6 ~ b  
a t  1400 MeV. 

f i g .4  but  
react  ion  



The r e s u l t s  e x h i b i t e d  i n  f i g s .  6, 7 and 8 f o r  t h e  case o f  t h e  

r e a c t i o n  1 6 5 ~ o + 1 4 8 ~ m  a t  1400 MeV a l l o w  us t o  d iscuss  t h e  use o f  &*as an 

exper imenta l  i n d i c a t o r  o f  t h e  v a l u e  o f  L,. F i g .  6 shows t h e  mean v a l u e  

o f  L, (<L,>) f o r  t h e  s imu la ted  ( s o l i d  curve) and d e t e r m i n i s t i c  ( d o t t e d  

curve) cases. The averages were taken over  30 MeV Q* i n t e r v a l  s  i n  a  way 

s i m i l a r  t o  t h e  one u t i l i z e d  t o  ana lyze  t h e  exper imenta l  da ta .  One ob- 

serves t h a t  t h e  two mean values do n o t  d i f f e r  i n  any s u b s t a n t i a l  way. 

F i g .  7 shows t h e  s tandard d e v i a t i o n  o f  t h e  i n i t i a l  a n g u l a r  momentum 

(aLo) as a  f u n c t i o n  o f  Q* a l s o  f o r  b o t h  t h e  s imu la ted  (so l  i d  curve) and 

t h e  d e t e r m i n i s t  i c  (do t ted  curve) cases. We observe here  t h a t  a l  though 

f o r  t h e  d e t e r m i n i s t i c  case t h e  f l u c t u a t i o n s  l i e  around 5 t i  i n  t h e  simu- 

l a t e d  case they have va lues o f d 0  fi, i .e .c lose  t o  t e n  t imes l a r g e r  than i n  

the  d e t e r m i n i s t i c  case. T h i s  suggests t h a t  t h e  use o f  t h e  c o r r e l a t i o n  

between Q* and L, p r e d i c t e d  by t h e  d e t e r m i n i s t  i c  case should n o t  be 

taken t o o  s e r i o u s l y .  T h i s  c o n c l u s i o n  i s  r e i n f o r c e d  by t h e  r e s u l t  o f  t h e  

c o r r e l a t i o n  c o e f f i c i e n t  (p(L,,&*)) e x h i b i t e d  i n  f i g .  8.  There one ob- 

serves t h a t  f o r  t h e  s imu la ted  case t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  smal l  

(approximately-0.2) o v e r  most o f  t h e  range o f  &*, w h i l e  f o r  t h e  d e t e r -  

m i n i s t i c  case t h i s  c o e f f i c i e n t  i s  o b v i o u s l y  -1. 

F ig .6  - The mean o f  t h e  i n -  
i t i a l  angu la r  momentum as a  
f u n c t i o n  o f  & *  f o r  t h e  'HO+ 

+ l b 8 ~ m  r e a c t i o n .  T h e  mean 
values were taken f o r  every  
30 MeV Q*  i n t e r v a l  S .  The 
s o l  i d  cu rve  r e f e r s  t o  t h e  
s imu la ted  and t h e  d o t t e d  one 
t o  t h e  d e t e r m i n i s t i c  c a l c u -  
l a t i o n s .  The h o r i z o n t a l  and 
v e r t i c a l  sca les a r e  t h e  same 
as i n  f i g .  2 



- 
Fig.7 - The standard dev ia t i on  
o f  the i n i t i a l  angular mmen- 

- turn f o r  30 MeV Q* i n te rva l s  as 
a  func t ion  o f  Q* f o r  the same 
react ion  as o f  f i g .  6 .  The - 
hor izonta l  and v e r t i c a l  scales 
are  the same as i n  f i g .2 .  The 

- s o l i d  curve corresponds t o  the 

simulated and the dot ted  oneto 
the de te rm in i s t i c  ca lcu la t ions .  - 

Fig .8  - The c o r r e l a t i o n  coef-  ~~~ - 
f i c i e n t  o f  the  L,&* p a i r  o f  
var iab les  as a  f unc t i on  o f  Q* 
f o r  the same reac t i on  as o f  
f i g s .  6 and 7. The ho r i zon ta l  
scale i s  i n  u n i t s  o f  MeV. 
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5. CONCLUSIONS 

The e x i s t e n c e  o f  t h e  c r i t i c a 1  o r b i t s  i n v a l i d a t e s  t h e  use o f  

expansion i n  moments o f  t h e  p r o b a b i l i s t i c  d i s t r i b u t i o n  f u n c t i o n s  near 

these c r i t i c a 1  reg ions  o f  t h e  phase space. The s imu la ted  approach i s  

i n s e n s i t i v e  t o  such c r i t i c a 1  reg ions  and i t s  accuracy i s  dependent o n l y  

on t h e  amount o f  a v a i l a b l e  computer t ime .  

For  t h e  s p e c i f i c  s i m u l a t i o n  presented here  we were a b l e  t o  

show t h a t  t h e  f u s i o n  c ross  s e c t i o n  i s  i n s e n s i t i v e  t o  t h e  c r i t i c a l  angu- 

l a r  mowntum b u t  v e r y  s e n s i t i v e  t o  t h e  maximum t i m e  a l lowed f o r  t h e  d i -  

- nuc lear  system t o  decay i n  deep i n e l a s t i c  channels. We b e l  i e v e  t h a t  

t h i s  l a c k  o f  s e n s i t i v i t y  has been g r e a t l y  enhanced by t h e  p a r t i c u l a r  

cho ice  o f  t h e  n u c l e a r  p o t e n t i a l  energy we made. I f  we had used a poten-  

t i a 1  energy t h a t  g i v e s  a s t ronger  b i n d i n g  energy t o  t h e  d i - n u c l e a r  sys-  

tem, t h e  f u s i o n  c ross  s e c t i o n  would have increased, approaching i t s  de- 

t e r m i n i s t i c  va lue .  The l a c k  o f  exper imenta l  va lues  f o r  t h e  f u s i o n  cross 

s e c t i o n s  f o r  t h e  r e a c t i o n s  s t u d i e d  d i d  n o t  a l l o w  us t o  f u r t h e r  s tudy 

t h i s  phenomenon. T h i s  r e s u l t  can be p u t  i n  more genera l  terms by say ing  

t h a t  t h e  s imu la ted  r e s u l t s  a r e  s e n s i t i v e  t o  t h e  v a l u e  o f  t h e  t r a n s p o r t  

c o e f f i c i e n t s  o v e r  t h e  extended r e g i o n  o f  t h e  c o n f i g u r a t i o n  space, con- 

t r a r y w i s e  t o  what happens i n  t h e  d e t e r m i n i s t i c  c a l c u l a t i o n s  which a r e  

s e n s i t i v e  o n l y  t o  t h e  s u r f a c e  reg ion .  

I t  i s  wor th  ment ion ing  t h a t  i n  t h e  way t h e  r e s u l t s  w e r e s t o r e d  

we c o u l d  e a s i l y  o b t a i n  p l o t s  o f  any s i n g l e  o r  double d i f f e r e n t i a l  c ross  

s e c t i o n  and con tour  p l o t s  o f  t h e  double d i f f e r e n t i a l  cross s e c t i o n s .  

The inc rease  o f  computat ional  f a c i l i t i e s ,  m a i n l y  due t o  t h e  

advent o f  microcomputers, makes i t  p o s s i b l e  t o  do s i m u l a t i o n s  o f  s toch-  

a s t i c  processes, such as t h e  one presented here, a t  low c o s t .  I n  o u r  

op in ion ,  s i m u l a t i o n s ,  such as t h i s  one, should be c a r r i e d  o u t  i n  t h e  

f u t u r e  f o r  the  a n a l y s i s  o f  exper imenta l  data.  

We would l i k e  t o  thank Profs .  J. Lopes Neto and R. Donangelo 

f o r  read ing  t h e  manuscr ip t .  
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Resumo 

A equação de Fokker-Planck para a t rans ferênc ia  do momento 
angular nas reações mui to  i ne lás t i cas  de íons pesados é reso lv ida  porum 
método de simulação es tocást ica .  A seção de choque de fusão é d i scu t i da  
e mostrada a descaracterização do momento angular o r b i t a l  c r i ' t i c o  das 
soluções determin is t  icas.  Os resul tados das t ransferências da momento 
angular e suas f lutuações são obt idos  e comparados com os resul tados 
ex er imentais das reações 8 6 ~ r + 1 5 4 ~ m  a 610 MeV, ' 6%o+148~m e 1 6 5 ~ ~ +  
+lP6Yb a 1400 MeV. 


