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1. The nontrivial structure of nuclei discovered first in the 
cumulative particle production and especially in recent deep inelas
tic experiments (BCDMS and EMC-effects) was by all means t he most 
sudden and remarkable event. It was sudden because the behavior of 
nuolear s t ructure function appear to be contadicting all our ideas 
about nucl eus which seemed good based and checked. In fact, as we 
want to demonstrate, the contradiction is much deeper. This effect 
contradicts any nonrelativistic picture of the nucleus as a system 
of nucleons coupled by any potential forces. However, this effect 
seems natural and almost trivial if one considers the nucleus as a 
relativistic quantum-field bound system. 

This is alaost evident from a qualitative point of view. Inde
ed, the main feature of relativistic quantum field picture is the 
vacuum polarization effect (production and absorption of a particle
ant i part i cl e pair) due to which the nucleus i 8 not only a system of 
A interacting nucleons or 3A valence quarks but also an additio
onal sea of isosinglet qif -pairs arid gluoDs (next rows of the 
Pock column ) which carry a fraction of the total momentum of nucleus 
(in the infinite momentum frame). This has to dimini sh the fraction 
of momentum carried by valence quarks wi th respec t to the f~ee nuc
leon , i.e. the softening of i ts dist ri bution functions or decrease 
of the ratio R = F~ / F1 (the deuterium il.l !irsi approxima tion can 
be considered as a system of free nucleons) in the r egion of interme
diate )( ::: 0.5. The increase of Lhe oull momontum rosult s in the in
crease of R in t he rogion of owall X • As lor t he growth of R 
in the region of 1- ~ 1 • .l. L iu nllt uraJ. lil t l06(1 L due to the Fermi
mot i on of nucleus. 

These elements of Lho quan Lum riold picturo wor e present in a 
more or l ess di stinct form i1) all first uLlompts of understanding the 
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RMC-effect. However, they were not realized, probably , as main rea

sons of this effect and sank often in detals of models. Some works 

consider the decrease of R in the region of intermediate X and 

increase in the region of small ones as a consequence of different 

mechanisms. In this work we consider the nuclear structure functions 
from a quantum field theory and quantum chromodynamics (QCD) point of 

view (Sect. 2) ~~d try to compare with different ideas proposed for 

the explanation of EMC (Sect. ) . Our conclusion is that none of pure 

nucleon models seems sat isfa c t ory and a multiquark state seems unavo

idable for understanding the EMC-effect . 

~. An important feature of renormalizable QFT and QCD is the 
factorization property of hard-process cross-sections proved for any 

order of perturbation expansion of the low-twist term/ 1
/. For the mo

ments of structure functions of deep inelastic scattering of a lep

ton on the target A it has the form 
I 

IYA(Vl. Ql )~ ~JXA X;-1 FA (x ,Q:t)=: ~ \fJ1') ,QltL,o((~)Ha//n'I~I) + 
o -\- o!J ( \/ Q2.) (1) 

where 'fC\ are the moments of the structure function of parton .a" 

(of ~ and 9 of different flavors and gluons), ~ a/A are the 
moments of the parton distribution functions over the fra ct i on of 

the total momentum XA and ~ is an arbitrary parameter with di

mension of the momentum which pla1s the role of a normalization point 

and a boundary between small CPA) and l arg e ( Q2) momenta. The in 
dependence of MA of this parameter l eads to the e volution (renorma~ 

liza t ion group) equation 

01 fa/A (n.r
l

) L ~g(h, o( (td ) tl/A(n)f)
o-i e...., ttl. '" 

where anomalous dimensiones r"t can be cal culated in the perturba

tive QCD if one chooses f large enough ( e. g. puts jW2; Q2) . 

Another imp ortant feature of the f ac t oriZa t ion we shall explore is 

the independence · of fa and, consequent ly . Jlo. e of the sort of 
target A, wich immediately gives a possibili t y to connect the par

ton distributions in an isoscalar nucleus A and a nucleon. 

As it is known/2/, this system of equ ations can be writ ten as 

one equation for the nonsinglet channel (valence quarks). 

cl\Z.lVl, d)
Vo. '" Ie, - \~ ¥9 9(n,.{(QI))l;.: (Yl, Ql) (2 )01- ~ Q'l. =

2 

and t h e pair of e qa t ions for the singlet quark and c;lu on distribu
tions function: 

~i = 95 
= ~(9~ -t 9c.) !L := G 

cl. t,(Y1. QI) 0) 
(I; ( h , 0( CQl)) \jlCh,Q2

) o(,~= 1 Z.ct ~ Q "t 

FrOlD Eq. (2) Olle can immediatel y obtain / )/ valence quark di s t r ibution 

functions of a nucleus with a nu c l eon (a l l nuc l ear distri bution func
t i ons are di vi ded by the a t omi c numb e r A) 

VA/VA ~ VN /V~ = i11 i • e . 

~ ( n, Ql) : t,(h) V (h,Ql) or 
(4 ) 

VA ( x, Q1)= ~,,\(~)~ (~)Ql)1-==lA ®~ 
where t h e dot means the derivative wi th respect to log Q2 , x=Qi.2 ~1J 
is t he is lborken variable for nu cleon and the function TA does not 

depen d on ,i, T" ~ 0 (due to VAJV/J~O) and obeys t h e bQr yon number 


BUlD rlJ l e:J:TA (~) elf ~ i 
(5 ) 


So, for 
 u Cl ear valence quarks one obtains the convolut i on formula 

wi th TA as 8 "nucleon dist ri bu tion" in nucleus . 


For Lhe Singlet channel one may di agona l i ze the sys t em () and 

obtains 


-f:! = 9 .s +C :1.~ } ~ ~ = ~-i {~ 
(6) 

y ~" ~ ( SrY ~ l/(sr r)~ !tcletrJ C.:!=t/~ l (1) 

whi.ch gives the connection 

(8 )1~ I~ 0\: 
The values ;Y-+(2) o aJlfl C t ( ~) .. () f~UlU'UJl t u.., ~he Q2 -indepen
dence of tbe clIorl'''y-mulll nLUIll ~W11 rul .. 

1"\2) = 1~I .. ( ~:(~ . Q I ) .. GA (Jt )Q1) ) == 1 
(9)o 

and asks for the cond1 ~J.ull 
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I 

( 10)rTA+ ( ~) pdf = :i 
o 

(strictly speakiJl{~ \- Ef./m where [~ is the nuclear binding ener

gy per nucleon ) Using (6), (8) one can easily obtain the connection 

betwe en see (ocean) quark and gluon distribution functions of the 

Ilucleus and nucleon (assuming SU (J)f symmetry of the sea quarks) 

OAC x ,Q2j= lA7A0)O,~/ft) Q J'I+ O)~, oV 
A 01 (11) 

GA ClI, Q~) = i T;,if') G~ (fo, Oji! + CA/(X, Q2) 

where additional collective seas are given by thir moment a : 

(c+T--C-T~ -r )Os + CfC -T"'-T-Co -=A \.- c+ - c - fA /N C~-c- tJ 

( 12 ) 

GA' ~ (C+~+-C - T - T+- T -9 N~)GN -+

So, if T ...1- T -¥- TA ' the collective seas are not zero and are 
/41SU(3~-symmetric. Just these sea were used by us for explaining 

the EMC and NA-4 effects and cumulati ve meson production. 

3. Now let u s turn to the models. In the elastical model nucle 

ons are bound in a nucleus by potential forces, and the distribution 

function in the nucleon by an expression of type (4) with a unique 

function lIA(~). (The last is expressed mainly through the one nuc

leon wave function 

TA~ ~c{~pdpJfA(f)Po)r~C~ - ~A; ~) 
w:it h a possible addition of some partion of few- nucleon correl"cLions 

which also have the same form (4) .) For this reason for such a model 

T~ = T-= TA (13 ) 

and the additional quark and glu on seas are absent(see (12», and 

the function TA , besides condition (5) (which means the norma

lization of fA ), has to satisfy the condition 

.1

f tAlA (p) f elf ~ i (14 ) 

which means that the total energy of all nucleons is equal (up to 
the binding energy ) to the total energy of nucleus 

~ ot 'f o(po ~ \ 'f(p, pJ1 2 
= i 

Such a classical model immediately leads to the contradiction 

wi th EMC dat a . Heally , if one develops 
 F"" (1 ) in the expression 
for FA l l( ) 

FALx) = {~p TA (f) FN (~ ) 

" 


into a series over 1) = i - ~ (using the fact that TA (f) is 

peaked at ~::w! 1 with a width of an order of the average internuc
lear kinetic energy divided by the mass of the nucleon), then one can 
obtain for not too large X 

FAl>l)~ F",(x ) + ~ X F~0<)+ f~/(x2F;(x)+2X FjX»). ( 15) 

where the bar means~he averaging with the fun~tion JrA . Because 

of condition (14) "5 0 and the ratio R = fA I FAJ inter

sects R = 1 at points X = 0 and X'" Xo determined by the condi
tionl< 

// I 

Xo FN"(xo)=-zr~{xo) 

which does not depend on the particular form of iTA • If one takes 

PAl ~ C/- X ) K wi th K z 3 that is close to experiment then 
one can easily obtain 

Xo == 2/(1<+ 1 ) -:::: O.S

in contradic tion wit h experimen t (Fig .1 ) . It is just this contradic

tion of the experimen l. o.l ua l.a. wi t h p r e di c t i ons of diff e r ent theore
tical model s I. hul. f11'13 I. drew u l. t"u 1.1 011 of I.hc EMC- collaboration/5/. 

The di scovered phenomcllOIl WUO con.firlllod by I.h c :;LAC group/61 and 
7NA- 4- collabora1.ion/ /. A :;llOllut' qU111i tuli vo phenomenon was observed 

earlier for the rat io u1' the' Cl ' CUO (lOcl.ion 0.1' cWllll1uJ.ut ivc pion pro
8 

duction / / in a mu ch widor r OKion 0 r X lnclutll lllJ .x > 1. However, 
it did not draw a proper fJ. l. l. enl.i OIl , pro [, u lJ ly , bocause of a more com

plicated relat i on of t h e i nclu:Jiv(! c r OSD oocLlon nnd the structure 
function in the r egion X < 1. 

*More Jil.ccurate ac coulll. or 1.11< illl.ol~rlll I " w 1I0UTld res ul t s in de
creas e of ~ a.l'ld W (due 1.0 TA ~ 0 ) WId u l li.f Ls Xo t o the 
l eft ( see bel ow ) . 
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If b 1- 0, the point Xo is determined (as it is seen from 

(15)) by the expression 


>< 0::c 2. C1.. ~ ;-t;2) Ie K * l + 1;/£)2) ( 16) 

and the i ncr ease in 'b s hi fts XD to the right as required by ex
periment. This means a de cr ease in the fractio n of energy carried by 

nu cleons , or more exact l y , a decrease in the fractio n of momentum 

of the nuclea r val ence quarks wi th r espe c t to the f r ee nucleon (il,
cOlltrudi c t ion w.L Ll. "zl) A 

<Xv>" (
= j~(~) ~ 01~ ~i-'b<i 

<.. Xv>." 0 (17) 

I n turn, this demands ulluvoidubly J ,onz ero collective seas. 

The compari s on of experimental data with the simplest model/9/_ 

"the shi ft ed Fermi s tep" wi t h· p_=' 200 Me V/c:t _ 

1" : 3.. (}'''1 )3 , rCPrh.,)'- l\.:<i,- f')1. when \\ -O -r~ \ < Prlt» (18) 

A 4 \. PF L 0 otherwi sl: 

i ves 0 = (4. , ~ 0.4) 10-2 the do t-dashed line in 
fig. 1) t h a t is 5- t imca a s l arg e as the effect of binding energy 
( tq, ~ 8 Me V). 

A natural question arises now: Is it possible to understand 
this energy effect within the framework of s tandart nucleon-meso n 

nuclear physics? Such an attempt has r ecent ly been undertaken by two 

groups of physicists / 10/ wh o exp lore the nucl e on l evels i n nuc leus 

(in t his case ~ ~ t e .. / 'rrl ) and compen.sB.t e th e ene r gy d e:fi ciency 
by the me aon (mostly, pion) s ea in nu cl eus . However , the n e cessary 
energy l eve ls ( C&v ~ 40 Me V) s eem to be too deep to use the s t andart 
theory of Fermi-sys t em. BeSides, the second-quat i z ed meson :fi elds 

are una voidable, which make the theory a no npo ten t ial. But the main 
ob ject ion comes from the char act er of the coll ective seas. 

Really, t h e decreas in t he fra ct i on of momenta of valence quarks 
in nucl eus 

.1 <. Xv > ZX "" ?A - <Xv >,, =-'b< x,, ~ ( 19a ) 

leads to the increase in s ummary a ver age moment um fract i on of the 
sea quarks a nd g!uons 

,1 .( X0> :0 ~ ( SO - <. X 0 >AI ) ( 19b ) 

6 

~ ,. 5~O 
't,, ~, 

- ,: " 
II J,i 5=O ()l,5 2 / .

0::: 
I ~OA~6 So"·~fe- 8" i :' 

5 = 1.24 I.1.1 
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11 <X:o> ~ (Sc; - <Xq >,,J (19c) 

where 1)'So,CI are the average fraction of momentum carried by the 

collective oceans x: O~ and X. C~ so that 5 + SG = 1. These
0 

parameters can be found from the integral 

A

1= ~ J)( (FA(;()-fDlx))~t~(SO-.(Xo~-f(X~ )N)( 20) 
u 

Experimentally / 5/ , this int egral i~equal to (0.65 ± 0.06 )- 10-2 

and (Xo>"+i< Xv >,.,,. 0.56*. If '0= 0.045, the integral (20) 

gives So = 1.24 and Sq =-0.24, i.e. 120% of the momentum of 
the collective sea is in quarks a nd -20% is in gluons! 

The contribution of , sea of that sort is shown in Fig.1,2 by the 

solide line. Such an ocean seems impossible to pack into any quasi
particles like pions, as it has be en pr oposed in works/ 9- 11 / because 
if the charged quarks 1n pion carry about 50% of momenta, then 

So'=" -f <)(~~= 0.62, and :5 <> = 0.5 if the meson sea is SUlJ)-l sym
metric. So, 	 even the account of the meson quan tized fields seems 
does not give a satisfactory explalUlt i on of the effect. Concerning 

the question of reliability of the EMC da La in the region of small X 
it was discussed in detail in the r eview report/?/ with positi ve con
clusion. 

Consider now nonstandart possibilities when the nuclear environ
ment changes the properties of nucleon. In this case the relations 
(1 9 ) 	 can be considered as a change of parton distributions in nucle

12 ar nucleons/ /, i.e. the softening of spectrum of the valence quarks 
(the suppression of a point like configurat ion) and gluons and harden

i ng of the sea quarks. Notice, however, that the negative value of 
Sq leads by all means to a negative value of 4te(0)/~\\o) - i 

which, probably contradicts the preliminary data of the EMC-collabo

ration/ 13 ,?/ on the J/~ -production in deep inelastic muon scat
tering (see Fig.3). 

The decrease in the average gluon momenta contradicts also the 
very popular rescaling hypothesis / 14/ that assumes the growth of 

nucleon radii in the nucleus or, more exactly, the dimension of the 

*We use the 	parametriza t ion F
II

- Sl,s.2 .0D -(1 + 1.26X) Vx (1 _x ) 3.~9 
,(1 + 0.5?( 1-x » + 4/3 0.22(1-0.36x )(1 - x)9 . 8 obtained from tfe fit of 
structure functions of proton (EMC- collaboration data at Q = 30 CGe V/c)) 

and the ratio cI (><J /L{ , >< ) (data of CDHS). For this p ara 
metrization -<Xv)", = 0.35, Z X 0>111 = 0.12, Z XC<, >N = 0. 53. 

8 

co n.finclTlvrlL l 'ud lU ll Rc ,,1 t her in the form* 

(21)9"4 ' (11, QRj -= qN' (n) Q IQJ i~ QRc.:-
/ 

Q 
I 

Rc. 

or as tho c llunr,o or ini Liul condi . ions of evolution e quati ons: 

I I ,( I it QD R= QoR (21)9N 'ly\,Q oRJ = qin,Q"RJ c.. C , 

Accor dlng Lo t his hypothethis the growth of R.c.. is equivalent to 

h e growth of Q2 . Due to evolution equations this results in a 

decrease in the average momentum of valuence quarks and in an incre

as e for sea quarks and gluons. However, according to (19), (20) 

So > 0.56, SQ <. 0.44, and due to <xCO>.... = 0.53 the average mo
mentum of gluons in nucleus has to decrease in contradiction with 

rescaling. 

So, each of the purely nucleon models proposed for the exp lana
tion of EMC-SLAC-NA-4 data seems to meet with a difficulty. The main 
obstacle was a relatively great positive value of the integral (20) 

and small value of '8 • To decrease So and "normalize" the ba

lance of quarks and gluons (though it is difficult to guess what it 
has to be except that Sq seems to be positi ve in the light of 

aboveme.ltioned preliminary EMC data on "J/l{- - production), one 
should increase ~ and, consequently, ~2 in order to preserve the 

position of Xo according to (16)!.........For instance, to reduce So to 
0.65, one should increase ~ and't:,2 6.5 times, which corresponds 

in the simple model (18) to P ~ 500 MeV/c. Such a change obvious-
F 

l y contradicts the standard models due to extremely deep average nuc
leon energy level and extremely high average kinetic energy. However, 
such a change is in good agreement with relat i vel y l arge value of the 

carbon structure function in the region X> 1 ( t h e prelimi nary data of 
NA-4/? / ) and inevitably leads to the existence i n the nUCl eus of heavy 

qu nsipart i cles suerl a s 2 "1.lu l ti qu OU'k BloklulJLsvv fl uc Lvllu ,, /4 , 15,1 6/:* 

. SLric ~ly Ul)f'uk t il/': , LhilJ f orm L!1 no L vu.lId 111 ~CD liucuus e the 

J 
Q l. - dl;lptl ll do ,I Cc " I' l,w i :r L • " IllI) O"'II Lu 1"110 LII( ' 1' ''1'111 


(I. I )
9{n , Ql) ( , ' I ' "I rI (((0 ) , (1'.. '" 'l(II, I~I/ 
and for t h e va.Li,1J Ly " I' ( .. 1) Li lli "Xl'rUlIo1PIJ 1" Lh lJl'uckets !lhould 
~ave the f orm (Q/ lJ.. ) r.• wl1l ': l1 til IHI/1I I1 U1 ,. u fli'y _h en j (oJ«(J))
1S a cons tant. 

**One have Lo uy L1 ,' ,I 11IIW"VII ' ( Urn!. WI r\ /luump Ll ou (Xc.>...-::.. I.Xc,)", 
made in the work LHd LIt /II II ' LII : 1I • O. '}) uccortl.ln~~ Lo ( 1'3c ) , and to 
negative value of l lJL()I~r ' " I PO ) . 

., 
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or few- nucle on s hort - range correlat i ons/ 17/, propos ed earlier 
for intensive kno ck- out of nuclear fragments from heavy nuc 
lei/ 18 / and the cumulati ve effect / 19/. Effectively, this leads 
to a high mom entum tail in the .QDe-nu cl eon" dis t r ibution 

IIA~~) i. e . to a growth of "0 2 
• An addi tional incr ea s e 

in '0 with respect to the one due to ener gy levels can be con
sidered either as a ch ange of the i nt ernucleon stru cture in the few
nucleon correl at ions mo del or as a ehallge of the par ton distribution 

in a mult.iguark flucton/4/ , i. e . bCHr~ <;iN i n t he first case 
and b O?> 'b".- i n the second one. Just thi s feature distinguishes 
these two models. 

The na ive picture looks as follows. When approaching each other 
two nucleons hav e a l arge r elati ve momentum. Some two quarks scat 
t er each ot her and change the direction of flight an~ pull thei r co
lour partners . This leads to a s t retch of colour bindings and to 
their brea king with production of additional 9q -pai r s . However , 
during a short life of such a pair it has no time to grow the 
gluon cloud and to form a real mes on. That is why the addit ional 
sea is impoverished by gluons . The nonzel 'o average momentum of the 
additional s ea decreaseD t he average moment um of th<: valence quarks, 
i. e . incr eases t he value of b . We sec. f rom this that allY short
rWJge two-nulceon correI a Li on l ooks, by all Illeans . as !l six-quark 
system. 

So, we can conclude tha t not onl.v th o region of X "> 1 but 
also the regi on of small X ask f or an admixture o f Lhe mul L1quark 
fluct ons . Howe ver , the region of small X i s HO t very senS e li ve to 
the character of s t a tes. To obt.ai n a ll unambiguous experimental pr oof 
of the exi stence of such sta les i n Lhe nu cl eus , the ir fracti on a nd 
of thi eir chara cter, a careful i nvesli gat ion of deep inel astic 
s catt ering on nuclei in a wi de i nter val 0. 6 ~ x ~ 2 is highl y 
desi r able . This cuul ,l be dOlle by t),,~ NA-4 lIll:lLall aUon i n CEHN af Le r 
its slight modificati on. An interest i ng i nSormaL i on can al so be ob
tai ned fr om i nvest i gation of the cumulative pr ocesses a nd stripp i n 

of nuclei. Concer ni ng t he regi on of smal l X ,Lh e main p r ool em 
r emains ' the i nvestiga t ion 01' quark lind glU OD seas at high t ransfer 
moment a Q 1. • 

So, we see, t hat nu cl ear physi CS of small distances or relat i 
visti c nuclear phys i cs , as it is call ed orten, is tigntly connected 
wi th quark-gluon degr ees of freedom of nuclei anu with QeD of large 

dist ances wi t h i t s conSinement prob l em and now be eomes one of t he 

mai n dire ctions of el ementary particl.e physics . 
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E41p eMo B A. B. E2- 85- 542 
C TPYI<"YPHble 4lYlIK1~1II 1 Jl1\e p 
H KBa HTo a a li XPOMOJ\ Jl II .1MHK 

nOK<l3aIl0 , 'fTO ypaDlleUlIJ1 '1BOJI1OI\l1I\ KB811TOB011 XPO~IOAlUfaMHKH 
n p HB OAfl" ~1,.T1H CTllYKTy p JlI>IX ItIYHKtVIfi n Aep n o 6nacTIf 601lblDHX Q 2 
K K01iBOmo~UOIlIiO~1 CbO PMC C" Ao6;u!0 4 J1 blM lt K aapKOBblMH H rJIlOOHHbl'1H 

MopmUl. Conoc'tannellHe c p .'l:uJKI{HblMl1 1<naCc.al'Rf MOJ{enCH n pHB OAHT 

K BbIBOAY , ~ITO ml OAtul W~ lfYKJIOHl1bIX MOAene A RJl;pn He AaeT YAo s 

neTlloplITeJlblforo OlllfC811HH EHC- 94x1>eKTa H BBeAellHC MJlOrOKll(lpKO

B bJX K OJl41lU"ypaUl1ft B HApax neo6xOA I-IM0 YJP(e B ol5nacTH x < I . 

Pa60Ta BblrtOJIHeHa B JlafiopaTopHH Teope TH4eCJtOH ctJH3lf1Of moot. 

TIpenpHHT OebeAHHeHHOro HHCTHTYT8 RAepHYX KCCn~OB8IfHA. nyeKa 1985 

Efremov A. E2-85-542 

Nuc lear St r ucture Functions and QCD 


It is shown t hat QeD evo l ut i on equations l eHd, [or hi gh
2 f" 1" f .Q nuclear struc ture unctlons, to a convo ut lon orm wlth 

additional col lect i ve quark and glUOD seas. Classes of mo
de l s are conf r onted with t h i s point of view, and i t i s shown 
t hat none of the nucl eon mode l s seems satisf3ctory and t he 
presence of mult iquar k sta t es seems unavoidable c,ven in t he 
region of x " I . 

Th<! i JlVCS r:i ga t. i On has b(!QII per ["C1l'ml'11 lI[' tI Ie Ln boratory 
of Theoreticnl l'hyS1cA • .1INR. 

Prr.pl'i n l 


