


I. I n t r o d u c t i o n  

It i s  w e l l  known tsee,e. q. E l l )  t h a t  t r a n s i t i o n  Qrom low t o  

h i g h  energ ies causes s u b s t a n t i a l  changes i n  t h e  s t r u c t u r e  and 

t h e  number o f  nuc lea r  fragments c rea ted  i n  hadron-nucleus the)  and 

nucleus-nucleus tdAj i n t e r a c t i o n s .  a t  low energ ies  t h e  evaDorat lon 

and f i s s i o n  ~ r o d u c t s  o f  t h e  nuclei ,  remained a f t e r  t h e  cascade 

( f a s t )  s taqe  o f  t h e  nuc lea r  reac t ion ,  dominate among a l l  t he  

fragments (see F ig .  I ) .  A t  h i q h  energ ies  t h e  m u l t i ~ l e  Droduct ion o f  

t h e  fragments w i t h  t h e  masses o f  t h e  o rder  o t  18-20 a.e.m. occurs 

and t h e  mass s ~ e c t r u m  chanqes i n  t.he c o r r e s ~ o n d i n g  way (F ig .  1 ) .  

i .e. nuc lea r  m u l t i f r a g m e n t a t i o n  takes   lace. Since i t  i s  d i f f i c u l t  

t o  admi t  these fragments result from t h e  e v a ~ o r a t i o n  and 

f i s s i o n  Dr.ocesses, an a s s u m ~ t i o n  has ameared  C31 t h a t  i n  t h i s  case 

we deal w l t h  t h e  l i q u i d - t o - q a s  DhaSe t r a n s i t i o n  w l t h  t h e  conseauent 

condensat l  on o f  t h e  nuc lea r  gas t o  t h e  d r o ~ l e t s - f  ragments. This 

hypo thes is  a r i s e s  from t h e  form o f  t h e  fragment mass sDectrum of 

r 
t h e i / H /  t ype  C3.41 which i s  c o n s i s t e n t  w i t h  t h e  D r e d l c t i o n s  o i  

l i q u i d  condensat ion theory  C53 (I f4 1s t h e  mass of t h e  f ragment) .  

However. f i n a l i t y  o f  t h e  nucleon number and t h e  b i n d i n g  energy 

e f f e c t s  cons ide rab ly  d i s t o r t  t h i s  s ~ e c t r u m  tsee C3.43). Therefore. 

t o  t e s t  t h e  hypo thes is  of t h i s  t y ~ e .  I t  I s  necessary t o  cons ide r  

t h e  "Dhase t r a n s i t i o n s "  i n  a  sqstem w i t h  t h e  f i n i t e  number of 

p a r t i c l e .  This problems a r i s e  and a r e  so lved  i n  i n v e s t i g a t i o n s  of 

t h e  Drocesses u n i t e d  under t h e  name " ~ e r c o l  a t i o n "  C61. Theref o r e  i t  

seems n a t u r a l  t o  t r y  t o  desc r ibe  t h e  nuc lea r  m u l t i f r a q m e n t a t i o n  

Drocess i n  terms o f  ~ e r c o l a t i o n .  I n  D a r t i c u l a r ,  i n  DaDer C71 i t  i s  



Fip. I. The fragment mass spectra 

a t  two energies of the inc ident  

proton (Fig. i s  from C21). 

supposed t h a t  i n  the  course of i n te rac t i on  the nucleus i s  heated 

and changes t o  the 9ase state.  Q t  the gas condensation simulated by 

perco la t ion  of f r ee  posi t ioned points, the observable f  raqments 

appear (approach I). I n  the ser ies of papers CBI an approach which 

i s  Inverse. i n  a  sence. was applied: i t  i s  supposed tha t  the  

nucleus i s  the cubic c r y s t a l l i n e  s t ruc tu re  which i s  p a r t i a l l y  

destroyed when heated (a~proach 11). A t  present w i th in  the 

framework of t h i s  approach a  q u i t e  qood d e s c r i ~ t i o n  of the  se t  of 

the e:<Derimental data i s  reached (see CB.91). Unfortunately. t h i s  

aqrerment i s  obtained by introducing qu i t e  a r b i t r a r y  

phenomenoloqical parameters and r e l a t i o n s h i ~ s .  Qs a  r e s u l t .  the  

p red i c t i ve  a b i l i t y  of t h i s  a~proach i s  decreased. Besides. w i t h in  

the  framework of t h i s  approach It i s  i m ~ o s s i b l e  t o  ~ u t  a  question 

about the perco la t ion  s t ruc tu re  of the  "cold"  nuc le i  ( i .e.  the  

s t ruc tu re  of the nuc le l  i n  the  qround s t a t e ) .  because the  s t ruc tu re  

of the c r y s t a l l i n e  type i s  postulated. A t  the same t ime t h i s  

question 1s qu i t e  natura l  w i t h in  the  framework of the  f i r s t  

approach. Below (sect ion 2) we consider one of the possib le 

approaches t o  c lear inq  up the perco la t ion  s t ruc tu re  of the  "co ld"  

nuc le i  and suqqest a  method of bu i l d i ng  the nuc le i  as a  un i ted  

these c lus te rs  i n  nuclear react ions 1s given i n  s e c t i o n  3 .  In 

the f o r t h  sect ion the fraqment mass spectra are descrlbed taklng 

i n t o  account evaporation of p a r t i c l e s  from the "hot"  excited 

f  ragments. 

2. Percolat ion ot  nuc le i  

# There are many methods of bul  l d i ng  ("assembl ing" )  perco la t ion  

c lus te rs  tree re f s .  i n  Cbl). For e:<ample. the f i r s t  nucleon can be 

Dlaced i n t o  the o r i q i n  of the coordinate frame. The second one. 

l inked wi th  it. can be placed a t  the distance '2 from the f i r s t  

nucleon wi th the  Drobab i l i t y  +!(I) .  The t h i r d  one can be l inked wl th  

the f i r s t  o r  tho  smcond on. and ~ l a c m d  a t  thm distancm Zi or  22 

with the  ~ r o b a b i  1  i t u  &f ti) or  4 1 2 2 ) ~  etc. Unf ortunate1t.J. we have not  

found the  form of the func t ion  f  (r) t o  obtain the densi ty of the 

I nucleons i n  the assembled c lus te r  c lose t o  the known nuclear 

i density. Therefore we fo l l ow  C101 and sample the nucleon 

I coordinates f o r  the nucleus wi th the mass number independently of 

l one another i n  accordance wi th  the d i s t r i b u t i o n  

I 
, P ( 2 )  = C O ~ J ~ / [  I + -((z - R I / c ) ] ,  

*/3 
R = i o g f f  , c . = o . s r S @ .  (1)  

Then one should l i n k  the nucleons. Taking i n t o  account the short  

range of nuclear force=. we w i l l  assume tha t  the occuring of the 

l i n k s  between the c lose ly  Dlaced nucleons i s  more preferable.  

i .  e.. the p robab i l i t y  P ( 2 i ~ )  of the . I  ink ing  of two nucleons i and j 

w i th  the distance 2y between them 1s equal t o  1  a t  ? i j +  0 and 0 

a t  2 ~ i . W .  I n  the DaDers C7.101 P ( 2 i j )  was chosen I n  the form of 

6 -function: 
1 z ' j s z ,  

p("$ = Lo 2;g > 2c 
( 2 )  

Generally speaking. I n  t h i s  case the "co ld"  nucleus does not  

(bound) perco la t ion  c lus ter .  Q ~ o s s i b l e  mechanism of des t ruc t ion  of 



represent  a  s i n q l e  pe r co l a t i on  c l us te r .  Besldes t he re  a re  no 

reasons f o r  cnoosinq any aef i n i t e  va lue of  Zc (see Fig.  2a,. 

Tab:inq t h i s  i n t o  account we choose P(2 ; ' )  i n  the  form: 

pc2ij1 = =p(- Z i ' j / Z , > .  ( 3 )  

The ue rco l a t i on  s t r u c t u r e  o f  the c o l d  nucleus va r i es  ton t he  

average1 deuenaing on ^LC . However. a t  2,- d/%"~t 1.4 f m a l l  t he  

nuc l e i  a re  reuresented by a  s e t  of  5 - b  ue rco la t i on  c l u s t e r s  which 

a re  no t  connected w i t h  one another (see Fig.  2b) .  Note. t h a t  t he  

behaviour o f  t he  curves i n  F iq .  Zb a l lows  an assufflution t h a t  a t  

2," 1.4 fm i n  t he  system o f  the  i n f i n i t e  number of  p a r t i c l e s  

a  s i n q l e  i n f i n i t e  connected ue rco l a t i on  c l u s t e r  1s created. 

2. ($4 
Fig .  2 .  The average number of the  "fragments" of t he  " co l d "  

nuc l e i  as a  f unc t i on  of t he  uaraffleter re ca lcu la ted  us ing  

formulae ( 2 )  and (3 )  (Figs. a  and b, r esuec t i ve l y ) .  The 

mass numbers o f  nuc l e i  a re  g iven i n  t h e  f i gu re .  
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I n  other  words. we suupose t h a t  2, = 1.4 f m  i s  a  c r i t i c a l  

va lue of the  ue r co l a t i on  uarameter. I n  t he  f o l l o w i n q  

ca l cu l a t i ons  we usea t h i s  value. Ce r t a i n l y .  the  f a c t  t h a t  our 

"co ld "  nuc l e i  do n o t  reuresent  a  s i n q l e  ue r co l a t i on  c l u s t e r  

i s  inconvenient.  However. t h e  ana lys is  shows t h a t  these nuc l e i  

main ly  cons i s t  o f  a  b i q  s i n q l e  connected c l u s t e r  and 3-4 

un l inked  nucleons (see, e.q F ig.  3 ) .  Th is  seems t o  be due t o  

imper fec t ion  of  the  assemblinq method and the use of the 

noncorre lated d i s t r i b u t i o n  of  (1). To ge t  r i d  of  these 

"homeless" nucleons we connect them "by f o r ce "  t o  the nearest  

neiqhbours belonqlnq t o  the  connected c l us te r .  Thus our  co l d  

nucleus 1s always a  s i n q l e  connected c l u s t e r .  

F ig.  3. The nucleon d i s t r i b u t i o n  

of  the  6 y t u  "nucleus" over the  

l i n k  number. 

\ 

A  few words about t he  i n t e r n a l  s t r u c t u r e  of the  c l us te r s .  I n  
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Fig.  3 t he  nucleon d i s t r i b u t i o n  of  t he  Cu nucleus over the  

coord ina t ion  number t i  .e. the number of  the  neiqhbours 1  inked 

w i t h  t he  considered nutleonJ i s  qiven. As seen. on the  average 

there  a re  about 3 nonl lnked nucleons w i t h  & S O .  The average number 
*) 

o f  l i n k s  ( A / L )  = 3.56 . At  <NL) =2 t he  nucleus would look: l i k e  a  

"crumuled" chain o r  a  necklace. I f  the  a r b i t r a r y  ver tex i s  removed 

t h i s  nucleus would decay i n t o  two fraqments. A t  <UL> =J var ious 

s t r uc tu res  of  nuc l e i  a re  uossib le.  The s imu les t  one i s  t he  b inary  

t r e e  s t r u c t u r e  which usua l l y  decays i n t o  t h ree  fr-agments of  va r ious  

.......................................................... 
) 

1.e.. the  nucleus q r e a t l y  d i f f e r s  tram the  c r y s t a l  w i t h  t he  cubic  

l a t t i c e .  where <&) = a. 










