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The a1m of the present talk is to discuss the experimental 
data which testify in favour of the fact that the distribution 
of quarks and gluons in nucleons which are embedded in nuclei 
essentially differs from the free nucleon case. In other words, 
we shall give evidence for the fact that the quark-parton 
structure functions of nuclet 11are independent (irreducible 
to one-nucleon) objects of hadron physics and shall discuss 
the presently available properties of these functions. 

Typical momenta for quark confinement effects in hadrons are 
as small as about 300 MeV/c. The quark interactions at small 
distances are well described on the basis of asymptotic freedom. 
The parton model which has been given grounds in QCD is, as 
a matter of fact, an impulse approximation. These ideas underlie 
the additive quark model and the quark recombination model 
for which there are good analogs in nuclear physics (stripping 
and pickup). There naturally arises the question as to to what 
extent the atomic nuclei may be considered as quark-gluon 
systPMS rather than multinucleon systems. In other words, what 
is the role of the quark and gluon degrees of freedom in nuclei. 
::," ;)u;_,uct fltty::,ici::,L:; are iJeing engaged 1n th1s problem since 
1970 (see, e.g., refs.' 2 •6 ') on the basis of extensive experimen
tal studies with relativistic nuclear beams from the Synchro
phasotron. 

In this talk we consider the atomic nuclei as ordinary had
rons laying aside the problems of correspondence between the 
model used and the proton-neutron nuclear model. In the region 
of small momentum transfers the quark-parton structure functions 
must turn into structure functions in which the nucleons should 
be thought of as partons. 

'1 In just the same way as before we extract the structure 
funtions from the data on limiting fragmentation of nuclei.The 
properties of the structure functions thus obtained were 
recently confirmed in experiments on deep inelastic scattering 
of leptons on nuclei 13

•4•0 '. 
The collisions of hadrons with small momentum transfers and 

large values of the scale variable x in the region of 1 imi' mg 
fragmentation are described as a result of individual collisions 
of the quarks of a fragmenting hadron with the quarks and 
gluons of the target. The spectator quarks which avoided col
lision carry the momentum fraction x of the fragmentin~ 1,adron. 
Hadronization of the quark to a hadron-fragment (color neutra
lization) is taken to be soft and the hadrol!:-Jragment distribu-

f'f::j~ I 



tion is assumed to coincide with the quark-spectator distribu
tion. Thus we may consider that the inclusive cross section 
of the process 

I+II-ol+ ... ( I ) 

in the region of limiting fragmentation of, for example, nuc
leus II is of the form 

where E 1 and P 1 are the energy and momentum of the particle 
fragment. We shall mainly use the data of the Stavinsky's 

(2) 

group 161 for the case when particle I is a pion and particles 
I are protons and deuterons. The quantity Gu;q (x, P~) is the 
quark-parton structure function of nucleus II. More than twenty 
different elements have been used as fragmenting nuclei II. 
c~ is the constant characterizing hadronization of quark q 
into hadron I, a~ is the cross section of the process in which 
quark q from hadron II passes throughout target I having avoided 
collision. The quantities Gil. (x, P,p are, in their physical 
meaning, universal momentum dfstributions of quarks q in 
nucleus II. The same functions GII/q are used to express the 
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transfers proceeding on this nucleus. In particular, the cross 
sections for deep inelastic scattering of leptons on nucleus II 

f+Il->£'+ (3) 

and the cross sections for lepton pair production 

I +II ... r++e-+ ... (4) 

. . 2 
are expressed 1n terms of the funct1ons c01&x,PT) and the cross 
sections for electromagnetic quark interactions (see, e.g. !7/ ). 

From eq. (2) it follows that the ratio of the inclusive cross 
sections for limiting fragmentation of different nuclei II' 
and II into identical particles (in our case, into pions) is 
equal to the ratio of their structure functions 

2 
-· Gn';n (x, pl.L) 
- --"'-------

2 
Gn, q (x, P1.L) 

(5) 

In relativistic nuclear physics, it is common to assign thecross 
sections and kinematical variables to one nucleon of the nucleus 
participating in the reaction; namely, the colliding energy is 

2 

characterized by an invariant quantity £ = 
(Py • Pn ) 
---~-.Here and 

m1 mn 

below Pi are the four-momenta and mi are the particle masses. 
In a frame where, e.g., nucleus I is at rest 

m0 = 931 MeV is the atomic mass unit, An the atomic weight of 
nucleus II. The limiting fragmentation corresponds to inde-

pendence of E ~ of the energy £ per nucleon of the incident 
1 ctP 1 

nucleus. Accordingly the Bjorken variable X lS expressed in 
terms of the momentum per nucleon Pn I A II : 

X 
q2 

=-Au . 
q2 ---=--- , - A 11 x , (6) 

2(PII. q) 

where q is the four-momentum tran~fer in process (3), X changes 
in the limits 0::; X :::An .Processes occurring at X> I are given 
the name cumulative. For reaction (2) the variable X with due 
account of mass corrections is of the form (particle I is a 
pion): 

-----~_}~- m;~--X =An 
(PI 'p II ) - ml m II- (Fjl . p 1 ) 

(7) 

and transforms into the variable (6) neglecting masses. 
We consider the experimental fact..s '2· 6 •

81 which testify 1n 
favour of the model (2). 

I. The cross section for processes (I) in the range X- I, 
P .L = 0 is found to be no longer de pendent on £ for f ;:: 4, that 
is, limiting fragmentation of nuclei begins at an energy of 
about 4 GeV/nucleon. This is in agreement with the short-range 
correlation radius in the rapidity space /":!.y -2: f = ch(y 1 -y11 ) -

- ch2 ~ 3.8. 

2. The cross section for process (I) in the range 4.S f :;;400 
and 0.6::::X.::::3.5 is t,.;ell approximated by a simple dependence 12 •

61 

E ~ = const A 1 . 3 
1 ~ I 

dP1 

A m(X) exp [- _21._) . 
II <X> 

(8) 
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Fig. I. Symbols (e) denote 
the experimental data 
for 11+ mesons;(*) for 
K+mesons; and (•) for 
K- mesons. The data of 
ref. /61 are shown for 
the pA interaction at 
f = 9.54 (backward pro
duction for proton mo
menta 8.9 GeV/c and 
p.L = 0) . 

The parameter <X> does 
not depend within errors 
on the quantum numbers 
of cumulative particles 
and is equal to 0.14 to 
an accuracy of 10%. The 
quantity rn(X) is equal 
to unity for X > I and 
A 11 > 20 and for 

0.6 <X ~ I is approxi
mated / 2, 61 by the de-

2 X pendence rn(X) = ;r + ;r < l. 

According to the model (2) the A~ 13 
dependence should be 

attributed to the cross section aJ . 
3. Within experimental errors, the cumulative production cross 

sections for pions and kaons for identical X are in the fol
lowing remarkable relationship to each other (see fig.!): 

This relation 1s a good evidence for the validity of model (2). 
As far as nuclei consist predominantly of quarks u and d, then 
the equality of the K+ and 11+ cross sections should be viewed 
as a consequence of the fact that they are determined by the 
same structure function GII'u (X,P}).In addition, it should be 
assumed that C~-·~ C 17 t ~ C K+. The fact that ar:rong the valence 
quarks bound in theunucle~s there are no valence quarks bound 
in negative kaons just explains this inequality. 

Agreement between experiment and the model (2) has made it 
possible to determine the properties of the quark-parton struc
ture functions for 0. 6 ~ X :::; 3. 5 a:1d P.L = 0 

4 

) 

) 
J 

GII/u (X, 0) = constA m(X) exp[- _x_]. 
0,14 

(9) 

These properties turn out to be universal for various nuclei. 
In particular, eq. (9) has enabled us to predict 111 the results 
of the NA-4 experiment on deep inelastic scattering of muons on 
carbon. The structure function of a carbon nucleus extracted 
from experiments 1

3 1 in the kinematic range 50::; Q2::; 280 GeV 2 

and 0.6 <X<l.S is in good agreement with eq. (9). This expe
riment has confirmed some properties of the cumulative effect 
(X> 1), although it is doubtful whether one will succeed in 
obtaining X as large as from limiting fragmentation studies even 
by using large facilities offered by the NA-4 spectrometer. 

Another important confirmation of our conclusions about the 
G!Jlq properties is the measurement of the structure function 
ratios for various nuclei 16 1 • 

We introduce the structure functions normalized to a nucleon 

1 2 
=- GI I (X, p .L ) 

A I q (I 0) 
II 

and determine their ratio for different nuclei: 

rr._, r.~J (X p2) 

-'-'-(X, Pf) 
111 4.' . .... ; 

(I I ) 
Gill q (X, P}) all 

Figure 2 presents the earlier obtained 161 experimental data 
on the structure functions of nuclei in the form of the ratio 

(11). The quantity Ojl, (X, Pl ) for A II, > A II 
all 

is seen to have 

a characteristic minimum. In accordance with our approximation 
of the limiting fragmentation cross sections (8): 

a , 
- I_I- (X, p.L2) < 1 f A > A or II, II 
all 

and X< 1 . (I 2) 

But at 
all' 

X~ 1, --(X) 
all 

tends to unity. 

It is important to note that the discussed A dependence cf 
the cross section (8) of the type A 2/3 + X/3 for X ;S I in tbe 
limiting fragmentation region f > 4 has been confirmed by 
Schroeder et al 191 • It was lately discovered in the European 
Mu~n Collaboration experiments /4/ and in experiments on deep 
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inelastic ed and eFe 
scattering at SLAC 151 • 

Data from refs. I 4,5/ are 
also given ~n fig.2 
(circles). Qualitative 
agreement of the C II/q 

data obtained ~n essen-
tially different expe-
riments and at dif-
ferent momentum transfers 
a good confirmation of 
the model and universa
lity of the structure 
functions. 

The cumulative region 
X > I is of special in
terest. In this region 

aPb · -·-(X) much exceeds un~ ty 
ad apb 

(see fig.2),while --(x) 
a AI 

over the whole region 
ISXS3 is equal to 
unity. This fact is con
sistent with the idea 

about the cumulative effect as a result of interactions of 
muiLi4uar~ configurations ex1st1ng 1n the nucleus and contai
ning the effective number of nucleons equal to X. In the deute
rium nucleus there are no configurations including quarks 
from more than two nucleons, while the aluminium nucleus lit
tle differs, in this sense, from the lead nucleus. In ref. 'B' 

the data on the ratio of the structure functions (I I) for dif
ferent nuclei are given in the form of a function of A: 

a A 
--(X =1.3). It is important to notice that over the whole 
apb 

region A ~ 20 this quantity is essentially smaller than unity 
and decreases with decreasing A.This means that not only in 
deuterium, but also in all the lightest nuclei up to A 20 
the multiquark configurations are different from one another 
and strongly differ from the multiquark confi8urations in heavy 
nuclei. 

CONCLUSIONS 

I. The universal properties of the structure functions of 
nuclei as independent (irreducible to one-nucleon) objects 

6 

of hadron physics have been established ~n a wide range of the 
variables X, Q 2 , A: 

G(X,Q 2 ,A) =constAm(X) exp[- XX], 
< > 

where< X>= 0.14; m(X) 1s a weak function with minimum at 
X"'O.S;forX>I m(X)"'l. 

2. The described properties of the structure functions give 
evidence for the existence of multiquark configurations in 
nuclei which differ essentially from the ones in free nucleons. 
They are important for the formulation of the quark theory of 
the nucleus and quantum chromodynamics of large distances. 
So far, attempts of constructing a theory for the observed ef
fects make a rather restricted success (see refs. 110 ·11,12/ ) • 

Special attention should be paid to the work by Dar et al 1131 

in which in just the same way as in ref. 111 the authors have 
introduced the quark-partion structure function and have at
tempted to interprete it as a superposition of the free nucleon 
structure functions. 

3. Neutrino and some muon experiments aimed at measurements 
of the nucleon structure functions are wrongly interpreted 
1n literature because the underlying supposition 

cor.tradicts the above-mentioned results. 
To extract the QCD parameter AQcoon the basis of evolution 

equations the quark parton structure functions of nuclei may 
be a better tool than the quark-parton structure functions of 
nucleons, since they are measured in a wide range of X and are 
free of troubles inherent in the range X ~ 1. 

4. Of much importance are further measurements of the struc
ture functions of nuclei in both deep inelastic scattering of 
leptons and the muon pair production (4) in a broad range 
of dimuon masses, especially in the region of high mass di
muons and near X - I. Investigations of the dimuon pairs in the 
resonance region at X> 1 will make it possible to get infor
mation on cumulative production of vector particles and to test 
the theoretical assumptions about dynamic manifestations of 
integrals of motion 114 1

• The great interest is the study of 
dimuon pair production by polarized deuterons which gives 
a rather critical test of QCD. Large possibilities for further 
investigations in this domain are due to the intensive beams 
of relativistic nuclei ~ > ~ from the Synchrophasotron and, 
especially, to the polarized deuteron beam available. 
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6anAHH A.M. E2-83-415 
KBapK-napTOHH~e CTPYKTypH~e ~YHK~HH RAep 

Cy~ecTBOBaBwHe paHee H HOB~e 3KcnepHMeHTa11bH~e AaHH~e Hcnonb3y~TCR A11R 
o6CY*AeHHR CBOHCTB CTpyKTYPH~X ~YHK~HH RAep KaK He3aBHCHM~X /He CBOAHM~X 
K OAHOHYKJ10HH~M/ o6aeKTOB aAPOHHOH ~H3HKH. OcHOBH~e AaHH~e nony4eH~ rpynnoH 
CTaBHHCKoro B 3KcnepHMeHTax no npeAe11bHOH ~parMeHTa~HH 5onee 4eM 20 RAeP 
OT 11HTHR AO ypaHa. 05Hapy*eHH~e CBOHCTBa CTPYKTYPH~X ~YHK~HH CBHAeTeJlbCTBy~ 
0 c~eCTBOBaHHH B RApax MY11bTHKBapKOB~X KOH~Hrypa~HH, cy~eCTBeHHO OTJ1H4a~
~HXCR OT TeX, KOTOp~e HMe~TCR KaK B CB050AH~X HYK110Hax, TaK H B AByx-, 
Tpex- H 5onee HYK110HH~x CHCTeMax. 3KcnepHMeHT~ no rny5oKoHeynpyroMy pac
ceRHH~ nenToHOB Ha RApax, npoBeAeHH~e rpynnoH HA-4 /UEPH-Ay5Ha/, EsponeH
CKOH M~OHHOH K01111a5opa~HeH H Ha YCKOPHTene CflAK,nOATBep*Aa~T B~BOA~ 0 CTpyK
TypH~X ~YHK~HRX RAep, CAeJlaHH~e Ha OCHOBe H3Y4eHHR npeAe11bHOH ~parMeHTa~HH 
RAep. 

Pa5oTa B~nonHeHa B fla5opaTopHH B~COKHx 3HeprHH OHRH. 

Baldin A.M. E2-83-415 
The Quark-Parton Structure Functions of Nuclei 

The previously available and new experimental data are used to discuss 
the properties of the structure functions of nuclei as independent (ir
reducible to one-nucleon) objects of hadron physics. The basic data have 
been obtained by the Stavinsky's group in experiments on limiting frag
mentation of more than 20 nuclei from 7Li to 288U. The discovered proper
ties of the quark-parton structure functions give evidence for the existen
ce in nuclei of multiquark configurations which essentially differ from 
those present in both free nucleons and two-, three- and more nucleon 
systems. Experiments on deep inelastic scattering of leptons on nuclei per
formed by the CERN-Dubna NA-4 Collaboration, the European Muon Col~abora
tion and at SLAC confirm the conclusions about the structure funct1ons of 
nuclei drawn from nuclear 1 imiting fragmentation studies. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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