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A t  many conferences. of  t h e  p a s t  years ,  and a t '  t h e  present  Conference as we1 1, 

t he re  has g e n e r a l l y  been heard a  f i r m  b e l i e f  i n  t h e  f a c t  t h a t  a t  smal l  d i s t a n -  

ces, o r  a t  l a r g e  momentum t r a n s f e r s ,  t h e  atomic n u c l e i  should m a n i f e s t  themsel- 

ves as quark-gluon systems. An open ques t i on  i s  where i s  t h e  bounda.ry s t a r t i c g  

w i t h  which the  d i s tances  can be cons idered t o  be l a r g e  and the  nucleus can be 

descr ibed on the  b a s i s  o f  hadron ic  degrees o f  freedom. The t r o u b l e  i s  t h a t  the  

q ~ a r k  confinement e f f e c t s  occur  a t  r e l a t i v e l y  s a a l l  c h a r a c t e r i s t i c  momenta o f  

about 3C0 F?eV. Th is  means t h a t  t h e  conf inement r a d i u s  i s  conparable w i t h  average 

in te rnuc leon  d i s tances  and, s t r i c t l y  speaking, i t  i s  hard  t o  i s o i a t e  nuc lear  

phys ics  f rom QCD problems. I n  what f o l l o w s ,  we g i v e  a  c r i t e r i o n  which p i c k s  c u t  

a reg ion  o f  nuc lea r  r e a c t i o n s  where t h e  quark-gluon degrees o f  freedom a r e  pre- 

doloinant. The aim o f  t h e  present  t a l k  i s  t o  show t h a t  t h e  s tudy o f  t h i s  reg ion  

g ives.ev idence o f  t h e  quark-par ton s t r u c t u r e  func t i ons  o f  n u c l e i  as independent 1 

( i r r e d u c i b l e  t o  one-nucl eon) o b j e c t s  o f  hadron physics.  

The Dubna p h y s i c i s t s  have been engaged i n  the  problem o f  qu.ark d i s t r i b u t i o n  

i n  n u c l e i  s i nce  1970 (see. e.g.2y3) on t h e  bas i s  o f  ex tens i ve  exper imental  

s t u d i e s  w i t h  r e l a t i v i s t i c  n u c l e i  beams f rom the  Synchrophasotron. X2 ex t rac ted  

t h e  p r o p e r t i e s  o f  t h e  s t r u c t u r e  f u n c t i o n s  o f  n u c l e i  f rom t h e  data on l i m i t i n g  

f ragmenta t ion  o f  nuc le i192 .  Thus ob ta ined  p r o p e r t i e s  were r e c e n t l y  conf i rmed by 

experiments on deep i n e l a s t i c  s c a t t e r i n g  o f  l ea tons  cn n u c l e i  495s6, T h i s  f a c t  

no t  o n l y  i n s p i r e s  us w i t h  t i l e  conf idence t h a t  ou r  ideas about t ho  n a t u r e  of  1  i- 

m i t i n g  f ragmenta t ion  o f  n u c l e i  i s  v a l i d ,  b u t  a l s o  enaales us t o  p r e d i c t  t h e  r c -  

s u l t s  o f  f u t u r e  exper iments on deep i n e l a s t i c  s c s t t e r i n g  o f  l ep tons  on  n u c l e i .  

The deep i n e l a s t i c  lep ton-nuc leus s c a t t e r i n g  i s  so f a r  s tud ied  i n  t t ,? r e g i c n  

o f  the  B jo rken  v a r i a b l e  x and i s  i n t e r p r e t e d  as r e v e a l i n g  t h e  d i f f ? t - c n c e  i n  

t h e  i n t e r n a l  s t r u c t u r e  o f  a nucleon i n s i d e  the  nucleus and J nucleon i n  eapty 

: ,  . . I , ,  .space. P h y s i c i s t s  engaged i n  t h e  f i e l d  o f  low-energy nuc lea r  physics b e r e  awitre 

o f  t h e  ex i s tence  of  t h i s  d i f f e rence .  I t  i s  known< e.g.,.that t h e  cagne t i c  PO- 

ment o f  t h e  q u a s i p a r t i c l e s  of  nuc lea r  m a t t e r  n c t i c e a b l y  d i f f e r s  f r o m  t h a t  o f  

a  f r e e  nucleon. 
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O f  a spec ia l  i n t e r e s t  i s ,  i n  o u r  op in ion ,  the  regi.on x 2 1  i n  which the 

s c a t t e r i n g  on a  f r e e  nuc leon i s  impossible,  a t  a l l .  From the  p o i n t  o f  v iew o f  

the  p a r t o n  model X can be regarded as a n  e f f e c t i v e  number o f  nucleons ( a  m u l t i -  

quark c o n f i g u r a t i o n )  wh ich can produce such a  super - fas t  pa r tbn .  The s c a t t e r i n g  

and p roduc t i on  o f  p a r t i c l e s  on n u c l e i  i n  t h e  r e g i o n  X ~1 i s  g i v e n  the  name o f  

cumulatTve e f f e c t .  We cons ide r  t h a t  up t o  now the  cumula t ive  e f f e c t  i s  t he  o n l y  

source o f  i n fo rma t ion  about  mu1 t i q u a r k  s t a t e s  i n  n u c l e i .  

Before go ing o v e r  t o  t h e  d i s c u s s i o n  o f  t h e  quark d i s t r i b u t i o n  i n  n u c l e i  we 

d e f i n e  t h e  boundary o f  t h e  r e g i o n  i n  which the quark degrees o f  freedom become 

e s s e n t i a l  and t h e  nucleons a r e  no l o n g e r  considered t o  be q u a s i p a r t i c l e s  o f  . 
nuc lear  ma t te r .  From t h e  ve ry  beg inn ing  o f  t he  s tud ies  o f  nuc lear  reac t i ons  i n  

the r e g i o n  o f  r e l a t i v i s t i c  energ ies  i t  was c l e a r  t h a t  i n  t he  c o l l i s i o n  o f  n u c l e i  
h 

as composite o b j e c t s  t h e  va lue o f  t he  four-momentum t r a n s f e r  cannot serve as 

' a  c r i t e r i o n  f o r  t he  passage from quas ipa r t i c l es -nuc leons  t o  q u a s i p a r t i c l e s -  

quarks. F o r  example, i n  a  s t r i p p i n g  r e a c t i o n  proceeding w i t h  an approxicwte 

conse rva t i on  o f  four-momentum P,  per  nucleon, "C + A -. 4 ~ e  + ..., the fou r -  
I! 

dimensional momentum t r a n s f e r  i s  (12po-4pO) = 64m; , where mo i s  the atomic 

mass u n i t .  Th i s  va lue i s  much l a r g e r  t h a n  t h e , c h a r a c t e r i s t i c  momentum o f  an i n -  

d i v i d u a l  quark.  However such a  c o l l i s i o n  does .not a f f e c t  the  quark degrees o f  

freedom s ince  the  momentum t r a n s f e r  i s  d i s t r i b u t e d  among many p a r t i c l e s .  We 

c h a r a c t e r i z e  the' energy o f  n u c l e i  by an energy pe r  nucleon s ince  the  energy and 

momentum shou ld  be d i v i d e d  b y  t h e  number o f  p a r t i c l e s  i n s i d e  t h e  composite ob- 

j e c t  i f  t h e  c o l l i s i o n  i s  viewed a t  t h e  l e v e l  o f  c o n s t i t u e n t s .  A t  t h e  same time, 

i n  r e l a t i v i s t i c  quantum mechanics the  p a r t i c l e  number i s  n o t  an i n v a r i a n t  n o t i -  

on. It depends on t h e  coo rd ina te  frame and, moreover, t a k i n g  the  quark-ant iquark  

sea i n t o  account, t h e  number o f  p a r t i c l e s  i n s i d e  the  hadron i s  i n f i n i t e .  The 

o n l y  r e l a t i v i s t i c  i n v a r i a n t  measure o f  t h e  number o f  c o n s t i t u e n t s  i n s i d e  a  com- 

p o s i t e  o b j e c t  i s  i t s  r e s t  mass. Therefore,  we use . the  momenta and energ ies  o f  

hadrons and n u c l e i  i n v o l v e d  i n  t h e  r e a c t i o n  which a re  a t t r i b u t e d  t o  the r e s t  . 
p mass u n i t .  I n  o ther 'words,  we use four-dimensional  v e l o c i t i e s  ,I . 

As a q u a n t i t a t i v e  c r i t e r i o n  which s e l e c t s  t h e  r e g i o n  o f  nuc lea r  c o l l i s i o n s .  . 

i n  which hadrons l o s e  t h e  r o l e  of t h e  q u a s i p a r t i l c e s  o f  nuc lea r  matter ,  we 

empl oy  : 

. ,, , , , ,where p, a r e  four-momenta, and m, a r e  the  masses o f  hadrons i n v o l v e d  i n  the 

" . '  r e a c t i o n  



t - 
Thus, as  a  l o c a l i t y  measure o f  hadron i n t e r a c t i o n s  we take the  r e l a t i v e  f o u r -  

I 
v e l o c i t y  r a t h e r  than t h e  four-momentum t r a n s f e r .  The phys i ca l  meaning o f  t h e  

c r i t e r i o n  ( 1 )  c o n s i s t s  i n  t h a t  f o r  r a t h e r  l a r g e  r e l a t i v e  v e l o c i t i e s  t h e  i n t e -  

' r a c t i o n  between t h e  quarks  e n t e r i n g  o b j e c t  r and t h e  quarks e n t e r i n g  o b j e c t  k 

weakens .so much t h a t  i t  can be t r e a t e d  by p e r t u r b a t i o n  theo ry  (he re  i ,  k - I , I I . l , L )  

j We d iscuss t h e  arguments which u n d e r l y  c r i t e r i o n  ( 1 ) .  According t o  c r i t e r i o n  

( I ) ,  f o r  t h e  c o l l i s i o n  o f  a r e l a t i v i s t i c  nucleus I w i t h  a  r e s t  nucleus 11 we 

have 
( p ~ " ~ ~ ) - E ~  ' 1  ?3.5 

I 
" ' l r n l l  "'1 A 1 m o  * 

m o =  931 MeV ( t h e  atomic mass u n i t ) ,  A ,  i s  t h e  atomic weight  o f  nucleus I .  The 

'energy pe r  nucleon E , / A  I - .  3 . 5 i 4  GeV, as i s  s t ressed i n  re f s .3 ,  corresponds t o  

' the  beg inn ing o f  t he  asymptot ic  regime, 1  i m i  t i n g  f ragmenta t ion  o f  n u c l e i  ( sca le '  

' invar iance) .  From ~ q . 3  i t  f o l l o w s ,  i n  p a r t i c u l a r ,  t h a t  t h e  d i v i s i o n  o f  t he  mo- 

menta by masses rep laces,  i n  a  c e r t a i n  sense, t h e  d i v i s i o n  by the  number o f  

cons t i t uen ts .  We can a1 so g i v e  t h e  f o l l o w i n g  exper imental  f ac ts  which t e s t i f y  

i n  favour  o f  c r i t e r i o n  ( 1 ) .  . 
, The t ransve rse  momentum p i o n  d i s t r i b u t i o n  P, i n  m u l t i p l e  p a r t i c l e  p roduc t i on  

p-rocesses i s  c h a r a c t e r i z e d  by  t h e  va lue  <q>=0.350.4  GeV. Fo r  P PCP,> t h e  

cross  sec t i ons  s h a r p l y  decrease. From t h e  formula . . 

' f o r  t h e  ze ro  d i f f e r e n c e  between t h e  l o n g i t u d i n a l  r a p i d i t i e s  Y ,  and Y ,  , grid 

P I  <PI> 
2 3 we g e t  an es t ima te  c l o s e  t o  (1). 

n n 
' A lso  one w e l l  knows t h e  shor t - range c o r r e l a t i o n  e f f e c t  i n  t h e  r a p i d i t y  space: 

a t  A y k l i 2  t h e  c o r r e l  a t o r s  i n  mu1 t i  p l  e p a r t i c l e  p roduc t i on  sha rp l y  decrease. By 

s u b s t i t u t i n g  pI=O and ( ~ ~ - ~ ~ ) 2 1 ; 2  i n  eq.(4) we a l s o  ge t  an es t ima te  c lose  to(1) .  

The both  p r o p e r t i e s  can be represented as a p r i n c i p l e  o f  d 2 p l e t i o n  o f  c o r r e l a -  

t i o n s  i n  t h e  r a d i a l  r a p i d i t y  space which i s  analogous t o  the Eogolubov's p r i n -  

c i p l e  i n  s t a t i s t i c a l  phys i cs :  t h e  c o r r e l a t i o n  between t h e  p a r t s  o f  a  s t r o n g l y  

i n t e r a c t i n g  system decreases monotoneously down t o  t h e  l e v e l  o f  a  small p e r t u r -  

1 b a t i o n  w i t h  i n c r e a s i n g  d i s t a n c e  between these p a r t s  i n  the  r a p i d i t y  space: 

. ', I,":.r.,l where 
( 3 . )  2 

pi J. 1 E l + p l l l  I cosh y  - 4 1  + - ; y ,  = -In 
I m z  

i 2 E i  -pi,, ' 
I n  c o n t r a s t  t o  P .  and Y th: q u a n t i t y  r i s  i n v a r i a n t  w i t h  respect  t o  r o t a t i o n s .  

J. 

I S i m i l a r  es t imates  can be ob ta ined  f rom the  s tudy , o f  t h e  p r o p e r t i e s  o f  j e t s  
C r i t e r i o n  ( 1 )  i s  a l s o  i n  accordance w i t h  t h e  present-day understanding o f  



. . . - - . . . . . 

j s j m p t o t i c  freedom.-ihhe r u - n n i n g c o u p l i n g  constant  i n  QCD can be  represented as 
I 

f o l  1  ows 

f by  A we mean the  c h a r a c t e r i s t i c  mass and by k and k' t he  momenta o f  t h e  hat 

and b l k  cal 'on constituent, then eq.(5) can be r e w r i t t e n  i n  the  form a , - - -  
In bl k 

)c vlcwcd as t l i c  squarcd d i f f c r c n c c  bctwccn thc v c l o c i t y  o f  an i n i t i a l  hadron 

p , h l i  and t h a t  o f  a  knocked-out pa r ton  P J ~ ,  - . I n  t h i k  case t h e  va- A 
u e  o f  a, character izes the weakness o f  the i n t e r a c t i o n  o f  the knocked-out par-  

;on w i t h  t h e  parent-hadron. I n  o rde r  t h a t  t h i s  f i n a l  s t a t e  i n t e r a c t i o n  cou ld  be 

Lreated by p e r t u r b a t i o n  theory, i t  woul d  be necessary t h a t  bl,>> 1 . From the 

'ormula a ,  - --IA- i t  fo l lows t h a t  f o r  l a r g e  b l k  t he  hadron-hadron i n t e r a c t i o n  
In b lk  

:hanges smoothly w i t h  i nc reas ing  b,k and, respect ive ly ,  the number 5 i n  c q . ( l )  

s  a  ma t te r  o f  convention. 

A t  the  Santa Fe Conference i n  1975 i t  was stressed 3 b t h a t  the b,, values can 

1; used t o  c l a s s i f y  r e l a t i v i s t i c  nuclear i n te rac t ions :  the  reg ion b , ,  cor- 

responds t o  t h e  i n t e r a c t i o n  o f  nuc le i  as weakly bound nucleon systems. The re- 

g i o n  b i k > >  1 corresponds t o  the  i n t e r a c t i o n  o f  hadrons as weakly bound quark sys 

terns. The r e g i o n  0.15 bjk 5 1 i s  an in termedia te  one. 

I n  a s i m i l a r  way we d i s t i n g u i s h  among nuclear co l1  i s i o n  processes on the  ba- 

s i s  o f  b I I I  values and, i n  p a r t i c u l a r ,  according t o  eq.(3), b , ,,> 5 spec i f i es  the 

beginning o f  sca le  invar iance.  A genera l i za t i on  o f  scale invar iance t o  r e l a t i -  

v i s t i c  nuc lear  c o l l i s i o n  processes3 and t h e  r e l a t e d  expekiments have resu l ted  

i n  t h e  d i scovery  o f  cumulat ive p roduc t ion  o f  mesons and a  number o f  r e g u l a r i t i -  

es o f  l i m i t i n g  f ragmentat ion o f  n u c l e i  which w i l l  be discussed below. 

I n  ou r  f i r s t  i t . w a s  a l ready  s t ressed t h a t  as f a r  as sca le  i n v a r i -  

ance was i n t e r p r e t e d  on t h e  b a s i s  o f  t h e  l o c a l  character  o f  hadron i n t e r a c t i o n s  

(automodel i ty )  and t h e  pa r ton  model, i n  n u c l e i  t he re  are  two s p e c i f i c  momcntum 

scales s t a r t i n g  w i t h  which an approximate sca le  i nva r iance  i s  r e a l i z e d .  One o f  

them corresponds t o  t h e  case when the  nucleon cons t i t uen ts ,  t h e  partons, nlay be 

considered as quas i - f ree  p a r t i c l e s ,  and the  o t h e r  corresponds t o  t h e  impulse 

approximat ion o f  nuc lear  phys ics  i n  which the  nucleons a r e  taken t o  imply  quas 

f r e e  p a r t i c l e s .  We considered t h e  cumulat ive  e f f e c t  as a  s igna l  i n d i c a t i n g  tha 

i n  n u c l e i  t h e r e  a re  "drops" o f  hadron mat te r  ( o r  mu l t i -quark  c o n f i g u r a t i o n s )  

~ h i c h ,  i n  t h e i r  s t ruc tu re ,  s t r o n g l y  d i f f e r  from f r e e  nucleons. Th is  i n t e r p r e t a '  

t i o n  o f  t h e  cumulat ive  e f f e c t ,  t h a t  is, laws o f  p a r t i c l e  p roduc t ion  i n  the r e -  

on o f  l i m i t i n g  f ragmentat ion o f  n u c l e i  ou ts ide  t h e  l i m i t s  o f  one-nuc:eon c o l -  

s ions met o b j e c t i o n s  d u r i n g  more than t e n  years.  , I n  numerous t h e o r e t i c a l  s tu-  

m u l a t i v e  e f fec t  IS a t tem p ted  t o  e x p l a i n  regu lar  



; w i t h i n  the framework o f  t he  pro ton-neuteron model by means o f  a  c o r r e c t  account 

i 7 o f  r e l a t i v i s t i c  e f f e c t s  and few nucleon c o r r e l a t i o n s  i n  n u c l e i  .(see, e .g . re f .  ) ,  

;Such a t tempts  have succeeded i n  e x p l a i n i n g  the  cumula t ive  p roduc t i on  o f  pro- 

i tons, deuterons and nucleus fragments, i .e. t h e  e f f e c t s  i n  which i t  i s  p r a c t i -  
I 
; c a l l y  imposs ib le  t o  separate  t h e  nuc leon sca le  i n v a r i a n c e  (nuc lea r  sca l  i ng )  

! f rom t h e  p a r t o n  one. I n  a d d i t i o n ,  t h e  cumula t ive  p roduc t i on  o f  baryon systems 
I 

was u n t i l  r e c e n t l y  s t u d i e d  o n l y  i n  t h e  range o f  r e l a t i , v e l y  small b , , < l  no t  s a t i s -  

i f y i n g  t h e  c r i t e r i o n  (1 ) .  Fo l l ow ing  o u r  c l a s s i f i c a t i o n  they belong t o  t h e  i n t e r -  

mediate r e g i o n  and cannot be t r e a t e d  by a  s imple f ragmenta t ion  model which we 
I 
iuse f o r  e x t r a c t i n g  quark-par ton s t r u c t u r e  func t i ons  f rom t h e  data  on 1  i m i  t i n g  
I 

i f r agmen ta t i on  o f  n u c l e i .  S ince t h e  s t r u c t u r e  f u n c t i o n s  a r e  j u s t  t h e  p r i n c i p a l  

: s u b j e c t  o f  my t a l k  I have no p o s s i b i l i t y  o f  d w e l l i n g  upon new ve ry  i n t r e s t i n g  . . , 
data o f  t h e  Leks in ' s  group on cumu la t i ve  p roduc t i on  o f  baryon systems submit ted 

8 t o  t h e  p resen t  Conference . 
, Many data  on i n c l u s i v e  o n e - p a r t i c l e  r e a c t i o n s  i n  t h e  r e g i o n  b , , ~ b , , , ~  5 :  

: 1 5 b , , ,  5 15 are  presented a t  t h i s  Conference. To d iscuss mu l t i - qua rk  s ta tes  i n  

' n u c l e i  I m a i n l y  use t h e  data o f  t h e  S t a v i n s k y ' s  group who have s tud ied  i n  a  

most d e t a i l e d  manner n' and K ' meson p roduc t i on  i n  the  r e g i o n  o f  l i m i t i n g  

f ragmenta t ion  o f  more than 20 n u c l e i ,  as w e l l  as t h e  d a t a  on deep i n e l a s t i c  

s c a t t e r i n g  o f  l ep tons  on  n u c l e i .  It shou ld  be emphasized t h a t  t h e  data f o r  
9  b,, , ,  500 , i n c l u d i n g  t h e  data on cumu la t i ve  j e t  i n  accordance 

' w i t h  c r i t e r i o n  ( I ) ,  con f i rm  t h e  data  o f  t h e  S tav insky ' s  group obta ined main ly  

f o r  b ,  ,, = 19, and t h e  weak dependence o f  the  l i m i t i n g -  f ragmenta t ion  cross  sec- 

t i o n s  on b , , ,  f o r  b,,? 5. The lower  boundary o f  t he  c ross  sec t i ons  obta ined i n  
1 d o  j these exper iments i s  _A E - -0.5 x ~ o - ~ ~ c ~ ~ G ~ v - ~  which corresponds t o  the  

I 1  d b l  

p i o n  momentum o f  1.2 GeV/c o r  b = 17. The conc lus ions about quark d i s t r i b u -  
1 t i o n  i n  n u c l e i  were c h i e f l y  made on  t h e  bas i s  o f  t h e  data on t h e  p roduc t i on  of  

' p i o n s  s ince  they bes t  s a t i s f y  c r i t e r i o n  (1) because o f  t h e i r  small mass. . 

I The c o l l i s i o n  o f  hadrons w i t h  smal l  t ransverse momenta and l a r g e  values of 
I 

t he  sca le  v a r i a b l e  X i n  t h e  l i m i t i n g  f ragmenta t ion  r e g i o n  i s  descr ibed as a  

r e s u l t  o f  i n d i v i d u a l  c o l l i s i o n s  o f  t h e  q u a s i - f r e e  quarks o f  a  f ragment ing had- 

:' l r o n  w i t h  t h e  quark$ o r  g luons o f  t h e  t a r g e t .  The spec ta to r  quarks which avoided 

c o l l  i s i o n  c a r r y  t h e  momentum f r a c t i o n  X o f  t he  f ragment ing hadron. Hadroniza- 

, t i o n  o f  t h e  quark t o  a  hadron-fragment ( c o l o r  n e u t r a l i z a t i o n )  i s  taken t o  be 

, i t :  , 
, s o f t  and t h e  hadron-fragment d i s t r i b u t i o n  i s  assumed t o  c o i n c i d e  w i t h  t h e  

quark-specta tor  d i s t r i b u t i o n .  Thus, we may cons ide r  t h a t  t h e  i n c l u s i v e  cross  
' 

s e c t i o n  o f  t h e  process (2) i n  the  r e g i o n  o f  l i m i t i n g  f ragmenta t ion  of, f o r  

'example, p a r t i c l e  11 ( o r  nucleus 11 ) i s  o f  t h e  form 



I 
, whtrc E, and c, a r e  t h c  encrgy and momentum o f  the p a r t i c l e - f r a g a c n t  ,Wc s h a l l  

2 ima in l y  use the  data  o f  t h e  S tav insky ' s  group f o r  t h e  case when p a r t i c l e  1 i s  a 
I e 
p i o n  and p a r t i c l e s  I a r e  pro tons and deuterons.The q u a n t i t y  GII/q(X,p,,) i s  t he  

/quark-par ton s t r u c t u r e  f u n c t i o n  o f  p a r t i c l e  ( o r  nucleus) 11. More than twenty 

d i f f e r e n t  e lements have been used as f ragment ing n u c l e i  11. C: i s  t he  con- 

/ s t a n t  c h a r a c t e r i z i n g  had ron iza t i on  o f  quark q i n t o  hadron 1, o i  i s  the  cross  

' s e c t i o n  o f  t he  proccss I n  which quark q f rom hadron I 1  passes throughout t a r -  
1 

! ge t  I having avoided c o l l i s i o n .  The q u a n t i t i e s  oII /q (X.p ,  ' ), i n  t h e i r  phys ica l  
;meaning, a r e  u n i v e r s a l  momentum d i s t r i b u t i o n s  o f  quarks q i n  nucleus I I. 

iThe u n i v e r s a l i t y  o f  G , I / q ( ~ . p :  ) c o n s i s t s  i n  t h a t  one and t h e  same f u n c t i o n s  

;a,/, a r e  taken t o  express t h e  c ross  sec t i ons  o f  d i f f e r e n t  r e a c t i o n s  w i t h  large. 
momentum t r a n s f e r s  proceeding on t h i s  nucleus.  I n  p a r t i c u l a r ,  t h e  cross  s e c t i -  

ons f o r  deep I n e l a s t i c  s c a t t e r i n g  o f  l ep tons  on nucleus I 1  

and the  c ross  sec t i ons  f o r  l e p t o n  p a i r  production - 
I + II -. e +  + e + ... 

I! a r e  expressed i n  terms o f  t h e  f u n c t i o n s  C l d q ( x .  p ,  ) and t h e  c ross  sect ions 

f o r  e lec t romagnet ic  quark in terac t ions.From eq. (6 )  i t  f o l l o w s  t h a t  t h e  r a t i o  of  

l t he  i n c l u s i v e  c r o s s  sec t i ons  f o r  l i m i t i n g  f ragmentat ion o f  d i f f e r e n t  n u c l e i  11' 

land I 1  i n t o  i d e n t i c a l  p a r t i c l e s  ( i n  ou r  case,-into p i o n s ) i s  equal t o  t h e  r a t i o  

' o f  t h e i r  s t r u c t u r e  func t i ons :  

For  t h e  case o f  deep i n e l a s t i c  lep ton-nuc leus s c ~ ~ t : ~ i  123 the  B jo rken  v a r i a b l e  

' i s  expressed i n  terms o f  t h e  momentum p e r  nucleon P , , / A  ,, : 
I 
I 

X = - qe - - A I 1  . - qe 9 

I 2(PII . q )  
( 9 )  

2 (P ,, /A ,, 
where s i s  t h e  four-momentum t r a n s f e r  i n  process (7), x changes i n  the  li- 

I mi t s  0 ,( X < A ,, . Processes o c c u r r i n g  a t  x >1 a r e  named cumulat ive.  For reac-  

t i o n  (2 )  t h e  v a r i a b l e  x , w i t h  due account o f  mass c o r r e c t i o n s ,  i s  o f  t h e  form 

( p a r t i c l e  1 i s  a p ion ) :  

I! 
,,; ,.*, 8 7 , 

,.. . (PI - p l )  - 
m " . , .: 

I .I 

= 
... @, ~ P , ~ ~ ~ ~ ~ , ~ - ~ P , , ~ P ~ ~  . I 

, . 1 .  - . , I 



'and transforms i n t o  the va r i ab l e  ( 9 ) ,  neglect ing masses. I n  t h i s  l i m i t  we a lso  
I 

'have 
m l  11 L X . -  < - . . . . . . - - . 

I b i l l -  m l / m I  bill 
From here. i t  fol lows t h a t  there e x i s t s  a  region, i n  which x > 1 bu t  c r i t e r i a ( 1 )  

'are i nva l i d ,  for  example, cumulat ive product ion o f  baryon systems.In t h i s  reg ion 

quarks cannot be considered t o  be quasi- f ree and t he  fragmentat ion model ( 6 )  
I descr ib ing quark s t r i p p i n g  and pickup processes cannot be used. 

2  i We consider the  experimental f a c t s  which t e s t i f y  i n  favour o f  the model (6 ) .  I 
I 1. The cross sec t i on  fo r  processes (2)  i n  the range x -1, P,- 0 i s  found t o  

b e  no l i n g e r  dependent on b i n  f o r  b, ,,,8, t ha t  i s ,  the regime o f  l i m i t i n g  f rag-  

mentation o f  nuc le i  begins a t  an energy o f  about 4 GeV/nucl . This  i s  i n  good . 
agreement w i t h  c r i t e r i o n  (1 ) .  

: 2. The cross sec t ion  f o r  process (1 )  i n  the range 8 ,< b ,  5 500 and 0 .65X~3.5  

i s  wel l  approximated by a simple dependence: 

,The parameter t X >  does no t  depend, w i t h i n  errors,  on the  quantum numbers o f  cu- 

mulat ive p a r t i c l e s  and i s  equal t o  0.14 t o  an accuracy o f  10%. The quan t i t y  

m(X)- 1 f o r  X > 1 and A > 20, wh i l e  f o r  0.6 s X < 1 i t  is by . 

n2 X the dependence m (X )  = + + . 
3. Wi th in  experimental e r ro rs ,  the cumulative product ion cross sect ions f o r  

pions and kaons f o r  i d e n t i c a l  X ' s  are i n  the f o l l ow ing  remarkable r e l a t i onsh ip  

t o  each o the r  (see f i g . 1 ) :  

4 .  A good agreement between experiment and the model ( 6 )  i n  quest ion has made 

' i t  poss ib le  t o  determine the  o f  the quark-parton s t r uc tu re  funct ions 

f o r  0 . 6 s X  s 3.5 and P,= 0: 
! 

These p roper t ies  were found t o  be un ive rsa l  f o r  var ious nuc le i .  I n  pa r t i cu l a r ,  
1 e q . ( l l )  has enabled us t o  p r e d i c t  the  r e s u l t s  o f  the NA-4 experiment on deep 

, . 

,.. : i n e l a s t i c  s ca t t e r i ng  o f  muons on carbon p +'*c-. ,. + ... . The s t r uc tu re  func t ion  
4 o f  the  carbon nucleus ex t rac ted  from the experiment i n  the kinematic range 

2 505 Q \  280 GeV a n d . 0 . 6 ~  X s1.5 i s  i n  good agreement w i t h  e q . ( l l )  (see 

.. . . .  f l g . 1 ) .  Th is  cxpcriment has we l l  confirmed thc cx is tencc o f  thc cun~u la t i vc  ef -  
' 

' f c c t  ( X s  l ) ,a l though t hc  ob ta i n i ng  of  X's as la rge  as thc  ones ext racted from 

l i m i t i n g  fragmentat ion s tud ies  scems t o  be doubt fu l  even by us ing  such a power- 

f u l  i n s t a l l a t i o n  as t he  NA-4 s~ec t romete r .  



5 .  Deep i n e l a s t i c  lep ton-nuc leus s tu -  

d i e s  have l e d  t o  a  psycho log ica l  change 

i n  the a t t i t u d e  t o  the problcn15 clntlcr 

considcra t i  on. T l i co r i  s  t s  were niost 

s t r o n g l y  in lprcsscd by t h e  EMC nicasure- 

ments o f  t h e  r a t i o  o f  s t r u c t u r e  f u n c t i -  

ons pe r  nucleon f o r  t h e  Fe and D nuc- 

l e i 5 .  F u r t h e r  exper iments o f  the  M I T -  
6 SLAC group have conf i rmed t h i s  r e s u l t  

and have g i v e n  t h e  A dependence o f  the  

s t r u c t u r e  f u n c t i o n s  o f  n u c l e i ,  which 

i n  the range X - 0.5 a r e  i n  agreement 

w i t h  the above-mentioned a,/, (X) pro-  

p e r t i c s  (see eq.11). 

We d e f i n e  t h e  r a t i o  o f  the  s t r u c t u r e  

func t i ons  p e r  nucleon f o r  d i f f e r e n t  
I 

L . .. - . . . - - - . . -  - - - - --- -- . n u c l e i  

I g i ven  t h e  data o f  t h e  EMC' and 

1 

lo 

SO 

t I 6 MIT-SLAC s tud ies  on deep i n e l a s -  

.,t 6% 
6 

- t * =  E Fig.2 presents  the  e a r l i e r  ob- 

4 x 6~ t a i n e d  exper imental  data on 1  i m i t -  
6 0% - 9 1% 6p1 i n g  f ragmenta t ion  i n  the form o f  
6 AL 

4 : t h e  r a t i o  (12) ,  t h e r e  a r e  - a l s o  

- 4 - v:.-'- - - -t- -t - - - -' - 
I t i c  lep ton-nuc leus s c a t t e r i n g .  
1 , The q u a l i t a t i v e  agreement o f  t h e  . 

. . i ; 1 
GA/, (x) data ob ta ined  i n  es- 

s e n t i a l l y  d i f f e r e n t  experiments 
1 and d i f f e r e n t  reg ions o f  momentum 

rn . t r a n s f e r s  serves as a  good c o n f i r -  
1.0 

X 2.0 
3.0 

rnation o f  t h e  used model and t h e  

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

I : 
FIGURE 2 f u n c t i o n s .  

: 1 .  

. . , . . I  
To d i scuss  t h e  a v a i l  a b l e  data  on l/AG,(X)we cons ide r  t h r e e  d i f f e r e n t  reg ions .. 

of  X i n  wh ich t h e  behav iour  o f  $c,(x) i s  d i f f e r e n t  and es tab l i s t i ed  w i t h  d i f -  

f e r e n t  degree o f  r e l i d b i l  i ty.  

1. T h e r e g i o n X 5 0 : 2 .  T h e r n a i n E M C r e s u l t  t h a t  t h e r a t i o o f  t h e F e a n d D  



' s t r u c t u r e  func t ions  exceeds u n i t y  has l e d  t o  a  l a r g k  nuliibcr o f  t h c o r c t i c a l  pa- 

'pers. The m a j o r i t y  o f  them suggests t h a t  t h i s  i s  a  c o n t r i b u t i o n  due t o  sea 

Iquarks 1191Z,however, t h e  proposed models desc r ib ing  t h i s  c o n t r i b u t i o n  are  d i f f e -  

! r e n t . ~ s  t h e  SLAC experiments showed,this e f f e c t  needs t o  be f u r t h e r  s tud ied  ex- 

p e r i m e n t a l l y . I t  i s  imposs ib le  t o  e x t r a c t  the  s t r u c t u r e  f u n c t i o n  f rom t h e  data  

on l i m i t i n g  f ragmentat ion o f  n u c l e i  i n  t h i s  reg ion  s ince  i t  goes beyond t h e  1  i- 

rnits o f  c r i t e r i o n  ( l ) .The  s tudy o f  t h i s  reg ion  i s  a t  a  p r e l i m i n a r y  stage and 

t h e  data a r e  somewhat c o n t r a d i c t o r y .  
OF e 2. As i s  seen from f i g . 2 ,  t he  decrease o f  the  r a t i o n  -(x) i n  t h e  range 

I O D  
0.3 5 X s 1 below u n i t y  i s  i n  agreement w i t h  the  e a r l i e r  es tab l  ished A depen- 

dence o f  t h e  s t r u c t u r e  func t ions  o f  n u c l e i  (11) and i s  conf i rmed by SLAC expe- 

riments.As Fig.3 shows, though the  data on the  A dependence o f  > (X = 0.5) 
* P b 

' ob ta ined on t h e  bas is  o f  l i m i t i n g  f ragmentat ion o f  n u c l e i  and the  SLAC deep ine- 

l l a s t i c  s c a t t e r i n g  data d i f f e r  f rom each other.  they have t h e  same behaviour, 

t h a t  i s ,  t h e  c ross  s e c t i o n  decreases w i t h  i nc reas ing  A .  
I ' 

FIGURE 3 FIGURE 4 
I ' 3. O f  a  spec ia l  i n t e r e s t  i s  the  cumulat ive reg ion  X > 1.The d i f f e r e n c e  i n  

U '  , t he  A  dependence o f  $- ( X I  f o r  X > 1 and x < 1 i s  e s p e c i a l l y  c l e a r l y  seen from 
I I I 
f i g . 3  .A1 though t h e  most s t r i k i n g  f e a t u r e  o f  t h e  cuniulat ive e f f e c t  ,the un ive rsa l  

X ( f o r  a1 1 t h e  n u c l e i )  x dependence o f  GJx), c,(x) - exp[- -1, has been conf i rmed 
! 4 0.14 

' ' by l e p t o n  s c a t t e r i n g  s t u d i e s  needs t o  be f u r t h e r  explored. I t  should,however,Se 

- , noted t h a t  t h i s  dependence has a1 so been observed i n  cumulat ive product ion o f  
10  8 

I . . j e t s  and e a r l i e r  i n  cumulat ive  p roduc t ion  o f  baryon systems (see,e.g. ) .  
.. . . 

, l i l l ) ! , , .  
The p r o p e r t i e s  o f  G,(x') f o r  x > 1 a re  i n  good agreement w i t h  t h e  idea about 

' t h e  cumulat ive  e f f e c t  as a  r e s u l t  o f  i n t e r a c t i o n s  o f  mu1 t i -quark  c o n f i g u r a t i o n s  

e x i s t i n g  i n  t h e  nucleus and c o n t a i n i n g  an e f f e c t i v e  num'bcr o f  nuclcons equal 
u " Fh i t o  X. . I n  t h i s  do mains?^) (see f i g . 2 )  s t r o n g l y  ~ x c e p d s  u n i t y ,  w h i l e  (x ). 
D 



I 
' w i t h i n  e r r o r s , i s  u n i t y  over  the whole reg ion  l s x  s 3 . ~ h e  D nucleus has no con- 

f i g u r a t i o n s  c o n s i s t i n g  o f  quarks from more than two nuc leons, th is  j u s t  exp la ins  

i t h e  d i f f e r e n c e  i n  the s t r u c t u r e  f u n c t i o n s  f o r  deuterium and 1cad.At t h e  samc 

\ t ime,the A1 nucleus l i t t l e  d i f f e r s , i n  t h i s  sense,from t h e  Pb nucleus.The data 

o n  t h e  A dependence o f  ( x ~ 1 . 3 )  g i ven  i n  f i g . 3  i n d i c a t e  t h a t  over  the  whole 
P b 

' r e g i o n  A< 20 t h i s  va lue i s  e s s e n t i a l l y  sma l le r  than u n i t y  and decreases w i t h  

decreas ing A.This seans t h a t  n o t  o n l y  i n  deuterium,but a l s o  i n  a l l  t h e  l i g h t e s t  

. n u c l e i  up t o  A -. 20 the mu1 t i q u a r k  c o n f i g u r a t i o n s  s t r o n g l y  d i f f e r  f rom one ano- 
1 

t h e r  and from t h e  c u l  t i q u a r k  con f i gu ra t i ons  i n  heavy n u c l e i .  Theor i s t s  who a t -  

!tempted t o  e x p l a i n  these phenomena by t h e  presence o f  s ix -quarks  c o n f i g u r a t i o n s  

t i n  n u c l e i  w i l l  be d i s t r e s s e d  by the  submitted, t o  the  p resen t  Conference A depen- 
0 

'dence o f  -h ( X =2. l ) (see f i g . 4 )  measured i n  t h e  r e g i o n  X 2 2 where n ine-  and 
Pb 

' twe lve-  quark con f i gu ra t i ons  a r e  *predominant.~omparing f i g . 3  and 4 we see t h a t  
I 

' t h e  A dependences f o r  X=1.3 and X=2.l ,wi t h i n  e r ro rs , co inc ide .  

Unfor tunate ly ,  t he  G,/,(X) p r o p e r t i e s  f o r  X > 1 have n o t  y e t  becn d i scove rcd  - 
, i n  deep i n e l a s t i c  l e p t o n  s c a t t e r i n g  and depend on the  v a l i d i t y  o f  t he  modc l (6) .  

Never the less , I  want t o  conclude my t a l k  i n  the  f o l l o w i n g  manner.The data  on  the 

- , s t r u c t u r e  f u n c t i o n s  o f  n u c l e i  f o r  X >  1 d e f i n i t e l y  i n d i c a t e  t h a t  i n  n u c l e i  t h e r e  
. . 
a r i s e  f l u c t u a t i o n s  o f  quark plasma which conkdin compl i c a t e d  mu1 t i - q u a r k  c o n f i -  

gu ra t i ons  which j u s t  generate super fas t  quarks.-partons c a r r y i n g  away a l a r g e  

momentum.This idea toge the r  w i t h  c r i t e r i o n  (1 )  i n d i c a t e  t h e  l i m i t s  o f  a p p l i c a b i -  

l i t y  o f  t h e  pro ton-neut ron nuc lea r  model. 
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