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I. InvestiBa t ion of the deep- i ne l as tic muon-nuc l eu s scat ter
ing at a l arge value of t he Bjorken scal e var iable x > 1 (whe re 
x "" Q2/ 2Mv ; t ",, _ Q2 is a f ou r -momen tum transfer, v - EIJ -EJL,is the 
energy t r ansfer, and M i s t he nuc leon mass) permi ts us to c l ar i 
f y t he principal question of modern high energy physic s on the 
existence of multiquark sta tes and to determine t he i r quark- par
ton struc ture function. Up to now al l a tt empts t o f i nd multi
quark state s in nuc l ei concerned t he cumulative pa r ticl e pr oduc
tion at a large momentum transfer. However, t he i n terpretation 
of t hese r eac t ions is ambiguous because of a gr eat number of 
the competing mechani sms. This ambiguity i s absent i n the muon
nuclei r eac t ion, and therefore the events with large x(x > 1.2) 
should be a consequence of the inte raction of an inc ident muon 
with the multiquark system of a nuc l eus . Since t he mass of the 
mu l t i quar k system is several t i me as large a s the nuc l eon mass : 
Mt(k) - kM (where 3k is t he number of quarks in t he sys tem), 
the corr esponding Bj orken scale var iable x k "" X/k. Th i s means 
that in deep- i nelas t ic muon-nuc l eu s scattering x is char ged in 
t he r egion 0 S x < k (in principle , k may be equal t o t he atomic 
weight A) . To establish the dynamics of t he mul tiquark system, 
deep-inelastic muon-nuclei data are required over a lar ge range 
of Q2.nearly in the same interval where the nucleon structure 
func t ion has been measured. 

Below we present a theoretica l prediction of a nucleus quark 
parton structure function based on the idea of the existence of 
the multiquark (six-quark) configurat i ons in nuc l ei and t he mo
dern understanding of the quark-parton struc t ure of hadrons. 

2. The cross section of deep- inelastic IlP ... Il'X scatter ing in 
the small-angle 1 imi t (0« 1) takes t he form: 

d 2" _ 4"42 F(1, Q2) 
(I)

dQ2 dx Q4 x 

where F(x . Q2 ) ~ F~(x.Q2) i s the proton str ucture function,that 
can be found from the Lipatov-Altarelli - Paris i evolution equa
tions / 3/ .To solve the equations, it is necessary t o define the 
i nitia l condition - F(X.Q~) at some reference point Q2 .. Q~. 
For a l arge value of the scaling variable x (x> 0.3) F' 2(x . Qg) 
can be wr it ten as: 

F~(x. Qg) : : xu(x. Q~) + ~ xd~:< . Q~). 
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n 2 1 2 4 2 
F' 2 (X, Q 0) = 9" • U(x, a0) + 9" xd (x, aO) (n 

and the distributions fo r u- and d-q uarks are p~rame tri zcd, 

fo r exampl e, as fol l ows : 

• . YI2ri ( x , a0) = c, x ' ( 1 - x ) i os u: d; f 1.1 "" xu . f d xd , (3) 

The parameters C i I a I , Y I .J r e fou nd from comparison ...,j th ex
pe r i mental data at the ref er ence poin t Q:! ...., Qg.T he main qu .-lli t.:l
tive fea tur e s of t he Q2- de pendence o f the nucleon st r ucture 
funct i on can be found by an ap pro x ima t e analytical 5(11uti(ln (If 

the evolut ion equati ons 4 • W'hich becomes exact i n the 1 imi t x ... 1 

2f, (x, Q 2) - f i ( x , 0 o 
2 ) .; (x , a ), (~ ) 

2
'-' (x, a ) Vi ' O )O , ll[(l-X), (l ')', ))P. (5 ) 

wher e 

'0 = In (a~ / A2) , ,= In ( a 2 ',\ Zl, p - 0,64 In ('. r °), 
Yj is the paramet er in eq . (3) , .\ is the scale parame ter of 
QeD. Not e tha t rel ation (4 ) a ~rees with t he nume ri ca l solution 
of the evolution equations wit h in an accuracy of mo r e tha n 107. 
for x > O.3 ·O!, 50 , i t can be used no t only for qualit a tive bu t 
also fo r quant it ative e s tima t io ns . 

3. Passing to the even t s with 1 ~ J: < 2. \.,I e su ppose tha t in 
thi s kinemati c range t he i nc id ent muon i s dee p- i nelastic scat 
tered by the two-nucleon 6-quark system of mass M r ::: 2M.The 
s tructure functi on of the 6-quark system depends on the sca l e 
variable x' :c: Q2/ 2Mr ll = x/ 2. Assumi ng the quark distribut ions 
for u- and d -quark s in the 6-quark system t o be the same 
u,(x, Q2) = dr( x, Q2) we can write the expression fo r t he c r oss 
sect ion of dee p inelast ic ~A scatter ing: 

1 d 20 4••2 F'2
A 

( x, a 
2
) 

(6)A da 2dx = "Q4 . x 

F'h x, a 2 ) = ~ll _ ~~P2 )( xu (x, a 2) + xd(x, a 2 )) + 

- 18 A 


( 7)
5 2(A-l) P [' ( x Q2)]+ - 2,- u f - · , 
18 A 2 2 

wh ere P2 is the probabili ty of the 6-quark admixt ur e in t he 

2 

NN-pair of 2-nucleons (deuteron) and A is the a t omic weight 
of the target nucleus . 

The first term of eq. (7) is the structure function of the 
nucl eons and gives the main contribution in the region ofO$x<l. 
The second t erm of eq. (7) is the structure functi on of a 6
quar k system in nuclei. It contributes in the range of scaling 
variables: J. < 2 . Eq . (7) does not take into account the Fermi 
moti on of nucl eons in the nuc leu s whi ch cont ribut e s t o the 
cros s section about 10-15% fo r x ~0. 8-0.9 and pract i cal l y dis 
appears fo r x ~ 1 .15 . 

Theoret ical est ima tion of t he probab ility o f the 6-quark 
admixture pred ic t s a P2 va lue in an i nterval of ( 2:....7). 10-2 / 6 .7/ , 

The same values come from the data on nuc l ear reactions at 
l a rge momentum transfer s / 2, 8/ . We choose the quark distribution 
in the form: 

'Ur(.,a~)= crx'r(I - X) Y r (8 ) 

The parameters i n (8) cannot be f ound now from t he comparison 
wi t h exper imental data because t hey are absent there. So, they 
should be determined from some gene ral considera tions . For this 
aim we use the quark counting rules / s/ , wh ich connec t the expo 
nent Y with the number of valence quarks n : 

Y 2n - 3 , (9) 

The preasymptot ic eff ect leads t o a c er ta in dec rease of y. So , 
i f one t ake s t he pro ton struc ture func tion from the ana lysis of 
e xper imental data f or 0 2",, 3-9 (GeV/c )2, then y. - 2.372.5, i.e., 
Yerr "" Q.y. where o: 0. 8. The experimental data eror the e l ec tron
deuteron elastic scatte r ing show that t he asymptotic behav iour 
for the six-quark s ystem sets up l a t e r than that fo r t he pro
ton/ 111• namely, t he preasymptoti c behaviour of the prot on form 
facto r a t Q2 = 379 (GeV/c)2 correspond s t o th e same behaviour 
of the six- quark form factor at Q2 = 25730 (GeV /c )2 . So, we 

2choose Yr= 7 at a :ag= 27 . 5 (GeV/c ) 2 , 
The scaling v i o lation e ffec t is exp ressed by formulas (4) 

and (5) . Let us point out here that due t o increasing Y in 
eq . (5) t h is effect is a li tt le bit grea ter for the six-quark 
system than f o r the nuc l eon . But we shou ld mentioned a l so that 
the dependence of the s i x- quark structure f unction on xl2 (not 
on x) brings about a sens i tive decreasing of the Q2 - dependence 
of t he nuc lea r structure functio n a t x_I. 

4. In our calcu l at i ons the parameters in eq . (3) and (8) were 
chosen as follows: 

au ad = u r = O.5;cl.l - 2.1, Cd = 1.44; Y =3, Yd=4; ,,2= 0,1 (GeV/ c) 2,u 
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Fig.1. The nucleon struc t ure 
functi on (~= 27.5 (GeV / c )2) . 
The data <, L3~e r e cont i nu ed 
to the refe r ence point Q~. 
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Fig .4 . The Q2 -dependence of 
the 12C -structure function.111e 
l ines correspond to! la,2a -
P2 =O ; Ib, 2b,J,4 - P2=O.07. 

The parame ter c r wa s fixed by the condit i on: < x>~+ d =<x> f d 
which means tha t the momenta of the u- and d-quark s i n th~ 
nuc l eon and in the six-quark sys tem ar e equa l . 

Figures 1, 2 show the result of cal cul ation and comparison 
wi th t he experiment /12/ 0f the nuc l eon structure function: F~= 

= j-CF: + F: >.Figure 3 s hows calculations of the nuc leons ~ struc t ure function. Differ ent curves correspond t o differen t 
value of P2 taken as parameters . The dashed line is the experi 
mental data f it taken f rom pa per 114/. The da sh-dot ted l i ne i s t he 
nucleon contribution (P2= O).This fi gure shows t he quali t ative 
agreemen t be t ween theore t ical ca l culations and experiment al da 
ta. The contribution of the six-quark conf i gurat i on t o the re 
gion of x> 1 is rather large and can be i nvestigated experi
mental l y . 

Fi gur e 4 shows t he Q2-dependenc e of nuclear s t ructure func 
tion s. Curves la and 2a were calculated with P2-= O (without t he 
6-quark admixture) . Cur ves Ib, 2b, 3,4 were ca l culated with P2= 
= 0.07. The curves la,h and 2a,b were normalized a t po i nt Q2= Qg. 
The figu r e shows that the Q2-depend ence becomes stronger at 
X _I withou t 6- quar k admixture. This means that the determi 
nation of the scale paramete r of QCD from t he muon-nuc l eus data 
at 	X_ I wi t hout a six-Quark-state admixture gives rise to 
a smaller value of A. 

The aut hor exp resses hi s gr a t i tude t o A.M. Ba l di n , V. V.Burov , 
A.V.Efremov, N. G. Fadeev , V.V.Kukht in, V. K.Lukyanov, B.L.Reznik 
and I.A.Savin for useful discussions . 
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THTOB A.H. 
MHoroKsapKoBble CaCTORHHlI 

B rnyoOKoHeynpyroM pacceRlmH ~OHOB RApaMH 

E2-83-72 

naH TeOpeTHQeCKHH 8HanH3 rny6oKoHeynpyroro pacceRHHH M~O
HOB RAPaMH B 05naCTH, KHHeMaTHQ.eC KH 3anpe~eHHOH AnR pacceRHHR 

Ha CBOOOP;HbJX HYKJIOHaX, PaCtleTbl npo seAeHbl B n peAllo nOlKeHHH, \fTO 

OCHOBHOJ1 BKna,q B ceQ.eHHe npH 3Ha'-leHHRX ObepKeHOBC K o A MaCiUTao

HOH nepeMeHHOA 1 S x < 2 A3eT rnyooKoHeynpyroe pacc eRHHe 
~OHOB WeCTHKBapKOB~ KOH¢Hrypa~RMH B HApax. IToK8saHo, \ITO 
npHMeCb meCTHKsapKOBOH KOMnOHeHTbl B RApe /2-7/ . 10-2 npHBO,IJ;HT 

K 3HaQeJilliO Rp;epHoH CTPYKTYPHOH 4lYHKlOiH 10-4 - ) 0-& npH x = 1,4. 
nOKa3aHa BaIHOCTb Y1.{eTa meCTHKBapKOBbIX COCTO.RHHA. npH H3Bne1.{eHH~ 

MacmTa611oro napaMeTpa K08HTOBOH X p OMO,D;HHaMHKH H3 MK>OH-H:AepHbIX 

AaHlfblX npH x _I. 

P a60T a B~nonHeHa B n a6opaTopHH TeOp e THQeCKOH ~H3HKH OHHH. 

npenpHHT 05DeAHHeHHo ro HHCTHTYTa RAepH~X HccneAoaaHHH. AY6Ha 1983 

Titov A. I. 
Multiquark States in Deep- Ine l as t ic 
Muon-Nucleus Sca t tering 

E2-83-72 

the 
Deep-ine lastic muon-nucleus scat tering i n 

Bj orken- scaling variab l e x> 1 is analysed . 
the r egion of 
It is shown 

that the ma i n contribution to t he nuclear str ucture func tion 
in t hat region comes from scat t er ing of muons by six-quark 
configurations inside the nuclei. The s ix-quar k sta te probabi
li ty of an order of 2-7 per cent gi ves t he val ue f or the 
nuclear struct ure func tion about )0-4 - 10-& a t x- 1.4, Le., 
can be s t udied experimen t a l ly. The role of the six-quark states 
is r eveal ed in the determination of the scale parameter of QCD 
from t he muon-nucleus data a t X_I. 

The investigation has been performed at the Laborator y 
of Theoretical Phys ics, JINR. 
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