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Recent investigations have led to the conclusion that the 
consideration of nuclei as systems of quasi-independent nonre
lativistic nucleons is incomplete and they require а relativis
tic description of the nucleon motion and taking into account 
quark degrees of freedom. These are first of all the predicti
on / 1/ and discovery / 2/ of the cumulative production of partic
les in hadron-nucleus and nucleus-nucleus collisions and change 
of an exponential fall-off at small momentum transfers of form
factors of light nuclei to а power-law fall-off at large momen
tum transfers / 3 / according to the quark counting rules / 4 / . 

Significant differences in the behaviour of quark structure 
function of nuclei of а different atomic number and а nontri
vial A-·dependence nf cross sec t ions of cumulative processes 
point to а different manifestation of quark degrees of freedom 
in these nuclei 1 Б 1 . The same is confirmed Ьу the results of 
recent deep-inelastic lepton nucleus experiments / 6, 7/ (the so
called EMC-effect). Different models are suggested for the ex
planation of this phenomenon (see , e.g., ref . 18 1 

). It seems 
that the above regularities are of the same natur e 1 91 and are 
determined Ьу the possibility of formation of multiquark con
fi~urations (multiquark ba~s) in nuclei. In the present paper 
we analyse the EMC-effect and show that the effect can Ье ex
plained Ьу taking into account thc scatterin~ on colourless 
multiquark configurations which are contained in the medium 
of spectator nucleons, over the relativistic motion 1 1°1 of 
which the corresponding average is taken. 

Consider deep inelastic scatte r ing of charged leptons on 
а nucleus А. We shall assume that in the nucleus , together 
with nucleons (three-quark bags) , there are formed with defi
nite probabilities, the configurations with six, nine, etc. 
quarks (see in this connection / 11,12/ ) , and leptons interact 
with the nucleus Ьу the exchange of virtual photons with quarks 
fr om these bags. Then the nucleus structure function can Ье 
represented Ьу the sum: 

А 

F 2 (х, Q 2) = ~ N(A. К) F ~ (х, Q 2 ) , ( 1) 
K= l 

where F~ is the structure function of the nucleus А which 
contains а ЗК -quark bag and (А-К) nucleons. The coefficients 
N(A, К) of these structure functions have the meaning of the 
effective number of ЗK-quark bags in the nucleus А and оЬеу 
the normalization condition: 
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А 

~ KN(A, К) = А. 
К=1 

(2) 

We use the parametrization of N(A,K)in the form of the Bern
oulli distribution: 

N(A, К) 
К-1 

К!(А-К)! Р(А) (1-Р(А)]А-К (3) 

For the parameter Р(А) determining the probability of а three
quark nucleon to get into а ЗК -quark bag we consider two pos
sibilities 1131 : 

1. Р(А) is determined Ьу the ratio of the bag and nucleus 
volume: 

Р(А) 
Vк 

Vл 

r~ 
=з 
Rл 

rз 
к 

(ROA 1 / З ) З - А -1 (4) 

Taking the bag radius rh close to the nuc leon radius rк"' 
"'0.8 fm and R 0 = 1.4 fm 1 1 we obtain Р(А) = 1. 18б7 А-1. 

2. Р(А) is determined Ьу the ratio of the bag and nucleus 
cross section 

2 

Р(А)- ~- А-2 13 
• 

R2 
л 

(5 ) 

The coefficient of proportionality in formula (5) for this case 
has been obtained in ref. 1 1 Б/ Ьу fitting the data on produc
tion of тr -mesons wi th large transverse momenta in proton-nuc
leus scattering, and we shall also use this parametrization 
Р(А) = О .085 А- 0•67 . 

In both the cases N(A,K) are fast decreasing functions of К 
and the main contribution to the structure function is given 
Ьу first few terms of sum (1). 

We proceed now to the calculation of structure functions 
F ~. As is well-known, the structure function .F2 appears in 
the decomposition of the deep-inelastic tensor W~v into the 
gauge-invariant structures. The tensor W~v itself is propor
tional to the imaginary part of the forward virtual Compton 
scattering ampli tude: T~v (Р А, q) = i Г d 4z е iqz< Рл \T(JIL (z) Jv (О)) \Р л> 
that can Ье expressed through the two-photon vertex function 
and relativistic wave functions of composite systems 1161 : 

А З 3 (З) А 
Т p.v (Р л , q ) = i ( П d р i d Р К д (Р л- Р к - ~ Р 1 ) х 

i=K+1 - - - - i=К+1-

Л З З (3) N 
х Г П d q i d Q К д (Р А - Q К - ~ q 1) х 

i=K+l - - - - i=K+1-

2 

х 'l'PA <!'к' [~t ])Г~v <!'к,[~ i]; q; [~!],~к) 'l'PA <~к'[~ i]) (б) 

Here Гр.v is the two-photon vertex function, Ч'Рл is the rela

tivistic wave function of the composite system consisting of 
а ЗK-quark bag and (А -К) nucleons. In (б) the followin_r nota
tion is introduced Е =(Р+' P.t) ; Р+=Ро+ р 3 ; d 3~ = dp+dp.t ; 
д(3) (Е)= д(р+) д (2) W.t). Integra t ion (dз р . is to Ье understood 
• • -1 
1n the fo l low1ng sense: 

r d3p 
- i 

Рл,+ ... 
I dp 1 + Г dp t , .1. 
о ' 

Рл.~ ( ~ = О, 1, 2 , 3) is the 4-momentum of nucleus А, Рк, IL and 
Q K,~are the 4 momenta of the 3K-quark bag, Pi~IL, q 1 .~ are 
t he 4-momenta of nucleons. The square brackets 1n the argu-
ments of 'l' p and Г denote the sets of corr esponding va-

A ~v 

r iables : [ р 1 ] = Р к+ 1 ' Рк + 2 ' ·· ··Рл • 
Now we -represent tne re l ativ1stic wave fu nc t ion 

'l'P (Р ,[ р ]) in the form: 
А -К - 1 

зк 3К 

'l'PA (~'к , ( ~1 ]) = 'l'A-K([ ~ i ]) ( j~1 dЗ~j д(3) (~ К -j:- 1 ~ j) 'l'3K ( ( ~ j ]), (7) 

where k 
1
. = ~ j + , k. ) are components of the quark momentum 

. - ' J , .l. 
1n the 3K-quark oag . 

Calculating the func t ion ГILv in the lowes t or der in elec t
r omagnetic interaction , we get the fol l owing expression for 
t he structure function F~ : 

2 . - -" --F К (х , Q ) = А + 2 К 
2 (411) 

М Q2(Q 2/ ' 2_ М2' 
А А N 

~2(Q 21~ 2+ м2)2 
А А А 

х 

1 А А 

х r n 
О I= K+1 

dx 1 
-ZdZ o(l-Z-
х 1 К К к 

1 х 1 ) х 
i= К + 1 

х r А -+ -+ ( 1!) ... А -+ -+ 2 ( 8) 
n dpl .1. dP K о (Рк J. + ~ р J.) I ФA-K ([ x l, p . .1. ]) ! х 

i = K + 1 ' ' I=K+1 1
' 

1
' 

зк 2 1 з к dz . 3К 
х 1 ef r Il _J д (l - 1 z j ) х 

Р = О о j = l ZJ J=l 

3К -+ (2 ) ... 
х I j~\ dkj, J. о (PK.J. 

зк ... ) \ Ф 
1 k . .1. 3К 

J= 1 J' 

-+ 2 
([ z j • k j, .1. ])1 х 

[Q
2 2 6Q 2 -+ Q 2zп(z _c ; z) 

х - 2mf + ---ze<ze -~ / Z )]o[k 2 + m2- _LJ_~_LJ 
(~ / z )2 А К f , .1. f (1: 2 · А к "'л / z к) 
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Here q2 =-Q2 is the 4-momentum transfer squared. The variaЬle 
~л is defined as 

~ = 
А 

2хл 

1 + (1 + 4М 2х 21 Q2) ~ 
А А 

kf,+ zf Zк = _Р __ _ 

А,+ 

where х .Л= Q2 / 2M,r, v = (Р А q) / М А. , М А is the nuc1eus mass. 
The var1aЬle хА varies in the 1nterva1 О< хл < l and is re1a-

ted to the Bjorken variaЬle х = Q 2/ 2Mv Ьу хА= ~ х ( М is the 
Мл А 

nuc1eon mass). It is evident that О < х < - .. А and 
м 

~л = l!~ .. L 
Мл л' 

~ = 2х 
1 + (l + 4М 2х 2 j Q2 ) ~ 

In (8) ef and mf are the e1ectric charge and mass of an 
f -th quark, respective1y. ... ... 

The wave functions Фл-к<[хi'р! J. ]) 
are re1ated to the functions 'Р ' ([р ]) 

. А-К -i 
fo 11ow1ng formu1as: 

and Ф 3 &([zj, k i , J. ]) 
and 'Р (L k ]) Ьу the 

зк - J 

-+ А-К А 
ФА К(( х 1 ' р . J. ]) = (РА ) ( П х. ) 'РА К(( р . ]) ' 

- I, ,+ i=K+1 1 - -1 
(9а) 

ЗК-1 ЗК 
(Р К, + ) ( j ~ 1 z j ) 'Р ЗК ((~)) 

-+ 
ф зк ([ z j • k j ,J. ]) (9Ь) 

The variaЬles х 1 and zj are defined as: 

А 

Х i = р i, + j р А,+ ' O < x 1 < l, . I 
1=К+ 1 

Xl=l-ZK' 

зк 

zj = kj,+/PK,+, O<zj < 1, I z . =1 
j= 1 J 

The variab1e Z к is the ratio of "+"-components of the 4-momen-
... -+ 

ta of the ЗК -quark bag and nuc1e~s А , ~ 1, J. and k j, J. are 
transverse momenta of the nuc1eons 1n nuc1e1 and of а quarks 
in the bag, respective1y. 

Let us now choose the wave functions Ф л-к ([xi, Р-+1 J. ]) and 
Фзк([z j, kj , J. ]) in the following form: ' 

А 

Ф ([х . , Р . ]) - ехр . Т-аА I 
А- К 1 I , J. !=К+ 1 

... 2 м2 
pl J. + i ] 

' ' 
xi 

( IOa) 

Ф -+ зк iZ.2 
+ ш2 

зк([zJ. 'k . ]) - ехр(-д ..:о J,J. j J,J. ~-'к "' ] j= 1 z . ' 
J 

( IOb) 

М 1 are the nuc1eon masses, mj are the quark masses. 
In the deep ine1astic limit (Q2 » М2, m~ ; ~ -+хА;~-+ х) the 

Q2-dependence in the structure functiJns JF~ Adisappears, and 
after the corresponding ca1cu1ations from formu1a (8) we obtain: 

хА Iк<хл) FK- ЗК 
2-

А 1 

х 

ХА =А' ( 11) 

where 

IK (хА) 

f dx х 1 (х ) 
А А К А 

о 

1 
( dZK 
хл 

А-К-1 

(1- z~ (l- ХА)ЗК-2 

ZK 

( 12) 
(А-К)+(ЗК-2) 

хл(1-хл) В(А-К, ЗК-1) х 
1+ !JL(l-xA) 

ал 

х 2 F1 (ЗК- 1, А- К, 1, А+ 2К -l; 1- х л: 
(1 + f1/ ал>(l -хА) __ .:.:..__-=--.. _ ___;:_). (1 3) 

1 +(,ВК/ а A)(l -ХА) 

Here В is the Eu1er beta-function, 2 F1 is the hypergeometric 
function of two variaЬles (the Арре1 function) . 

The structure function .Ft corresponding to the 1ast term 
on the sum (1), i.e., to the ЗА -quark bag is of the form 

.FA(x) = 9А(ЗА-1)х (1-х )ЗА- 2 
2 А А 

(14) 

А characteristic feature of structure functions . F~ is 
а possiЬle existence in а nuc1eus of а superfast quark which 
in extreme situation takes а11 the momentum of nuc1eus. The 
structure functions (11) and (14) are norma1ized to the num
ber of quarks in the corresponding bag 

А К 
( dx .F 2 (х) = 3К. ( 1 5) 
о 

This automatical1y 1eads (taking into account (2)) to the nor
ma1ization of the tota1 structure function 

А 
f dx F

2 
(х) = ЗА • (16) 

о 
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One 
vistic 
to the 

can relate the parameters а А and f3к of the relati-
wave functions Фt-К ([ х 1 , р 1 )) and Ф зк ([ z., k . )) 

• • .!. J J ,.!. • 
rad11 of the nuc eus А and ЗК -quark bag, respect1vely 

Ri- 8Аа А , 

r2 _ 24К{3к 
к 

(1 7а) 

(17Ь) 

As is seen from formulas (11)-(13), the structure functions F~ 
depend on the ratio 

2 
f3к А r к 
-=---2 
ал ЗК Rл 

ri Al / 8 

ЗR2 К 
о 

( 18) 

Choosing rк = 0.8 fm, R 0 = 1.4 fm we get f3т/ал=1.109А 1 18;к. 
In the experiments / 6,7 / the ratio of structure functions 

F 2 (Fe) 1 F2 (D) is measured in the region х < 1 that corresponds 
to the region of small х л< 1/ А. It is evident from formulas 
(12), (13) and it can Ье checked Ьу straight-forward numerical 
calculations that the structure functions weakly depend on the 
parameter f3.j ал in this region. That is why in the numerical 
calculations we have supposed that the ratio f3y( а А is the 
same for all bags. For the iron nucleus we have taken 
(f3к 1 ал) Fe = 0.1. But for the deuteron (considering that the 
average distance between nucleons in the deuteron is somewhat 
larger than in other nuclei) we have chosen the value 
<f3к 1 ал )0 = 0.05. 

8tiQCМI"ST(1 - S&,AC~~ 
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Fig.l. The ratio of the struc
ture functions of iron and 
deuteron.l and 2 - calcula
tions with parametrizations 
Р(А) - А - 1 and Р(А) - А -2/з, res
pectively. 
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Experimental data on the ra
tio F 2 (Fe) / F 2 (D) and the cuг.res 
calculated Ьу the formulas (1), 
(3), (11)-(14) with two para
metrizations for Р(А) are shown 
in Fig.l. The curves reproduce 
rather well the experimental 
data in the region х > О. 2 
and somewhat differ from the 
data in the region х < 0.2. 
This difference is probaЬly 
due to the fact that we rest
rict our consideration Ьу the 
valence quarks and do not take 
into account contributions of 
the sea quarks and gluons. 

The analysis performed shows 
that deviation of the ratio 
F 2 (Fe) / F 2 (D) from uni ty i s due 
to а larger contribution of the 
multiquark configurations in 

1 

' 

the iron nucleus as compared with the deuteron. Note that ac
cording to (3) the probabilities of formation of six,- nine-, 
etc., quark configurations in heavy nuclei are larger than in 
light nuclei. In the deuteron the contribution of а six-quark 
state is only а small admixture to the contribution of а two
nucleon state. The deviation from unity of the ratio of the 
sum of two-nucleon and six-quark contributions to the contri
bution of а pure two-nucleon state does not exceed 5% for the 
deuteron in the shole region О < х < 2 (in this connection see 
also / 17/ ). 

As has already been mentioned, the main contribution to the 
structure function F2 (x) is given Ьу several first terms of 
sum (1). Fig.2 shows how the ratio F2 (Fe)/ F2 (D) changes Ьу 
а subsequent addition to the structure function of six-, nine-, 
etc., quark-bag contributions. (The curves correspond to the 
parametrization Р(А)- А- 1 . The similar picture holds for the 
second parametrization). It is seen that the "saturation" of 
the curve occurs upon adding the 9-quark-bag contribution, and 
the addition of other terms of sum (1) practically does not 
change the curve. 

In refs. I Ь,lB I the possibility was estaЬlished for extracting 
information on the quark parton functions of nuclei from the 
data on cumulative pion production, and in ref. 1 91 similarity 
in the x-behaviour of the ratio of pion production cross sec
tions on different nuclei and the ratio of the deep inelastic 
structure functions of the same nuclei was pointed out. It 
should Ье noticed that the data on cumulative production allow 
us to investigate the region х > l (which is not yet reached 
in the experiments analysed). We have calculated the ratios 
F2 (Fe) / F2 (D), F2 (Fe) /F~(He), F2(Fe) / F2 (Al) in the whole region 

of х (О < х < А ) . The curves of these calculations in the pa
rametrization Р(А) - А- 1 in the douЬle logarithmic presenta
tion are given in Fig.3. А similarity in the behaviour of these 
curves and the ratios of cross sections of cumulative pion pro
duction 191 is observed. 

The analysis performed shows that the explanation of the 
observed deviation from unity of the ratio F2 (Fe) / F 2 (D) 
requires the consideration of multiquark configurations in nuc
lei. It seems very interesting to analysis the А -dependence 
of the ratio F

2
(A) / F

2
(D) in formulas (1), (3), (11)-(13) in 

view of the new data on this dependence 119/ and experimental 
investigations of deep inelastic lepton-nucleus scattering in 
the region х > 1 (it seems that until now in the region 
1 < х < 1.4 only the structure function of 1 2С nucleus has been 
measured 1201 ). 

The authors express their deep gratitude to A.M.Baldin, 
A.N.Tavkhelidze for stimulating interest to the proЬlems we 
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S.B.Gerasimov, T.I.Kopaleishvili, V.A.Matveev, L.A.Slepchenko, 
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cussions. Special thanks are due to V.A.Mescheryakov for his 
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Гарееванишвили В.Р., Ментешашnили З.Р. EZ-84-314 
К волросу о кварковых стеnенях свободы в ядрах 

Проведен анализ ЕМС-эффекта и nоказано, что эффект может 

быть объяснен учетом рассеяния на бесцветных многокварковых 

конфигурациях в ядрах, находящихся в среде нелровзаимодейство

вавших нуклонов ядра, по релятивистскому движению которых nро

водится соответствующее усреднение. Характерной особенностью 

nодхода является возможность существования в ядре сверхбыстрогс 

кварка, несущего в экстремальном случае весь импульс ядра . 

Проележены общ11е черты nроцессов глубоканеуnругого рассеяния 

леnтонов и кумулятивного рождения частиц на ядрах. 

Работа выnолнена в Лаборатории теоретической физики ОИЯИ. 
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Ga r sevaпishvili V.R . , Meпteshashvi li Z.R . EZ-84-314 
Оп the ProЬlem of Quark Degrees of Fr eedom iп Nuclei 

Aпalysis of t he EHC-effect is performe d апd it is slюwn 
that the effec t сап Ье exp l aiпed Ьу takiпg iп to accouпt scat
teriпg оп the colourless multiquark coпfigura t ioпs iп пuclei, 

which are coп taiпed iп the med ium of s pectato r пucleoпs of the 
пucleus апd the co rrespoпdiпg aver age over the relativistic 
motioп of these пucleoпs is takeп. А characteristic feature 
of the approach is а possiЬle existeпce iп а пucleus of а su
perfast quark which iп extreme situatioп takes all the momeп
tum of nucleus. Sim~lar features of lepton deep-iпelastic 
scatteriпg and cumulative particle productioп оп nuclei are 
traced. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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