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I. INTRODUCTION 

Тhе European muon collaboration (ЕМС) data 111 on deep ine
lastic scattering (DIS) of muons on iron and deuterium nuclei 
and their confirmation Ьу the MIT-SLAC ~roup 1 2/ call close at
tention of а wide number of physicists. Apparently, the main 
reason for such an interest was the fact that the results ob
tained laid а clear emphasis on the unsoundness of the standard 
nuclear models and the standard methods for the description of 
nuclear effects in the sufficiently high momentum transfer region, 
when the multiquark states in nuclei start to play an essential 
part. Тhе study of them was begun Ьу the Dubna experimenters 
more than ten years ago in the so-called cumulative processes / 3 / 

(i.e., in the nuclear processes far beyond the kinetical region 
which is allowed Ьу the interaction with one nucleon) and con
tinued at the Dubna, ITEP, Yerevan, Berkeley and FNAL accele
rators/4-7/. Already in the first papers /8/ on predictions of 
the cumulative particle production, those particles have been 
considered as the nucleus fragmentation products connected with 
its quark-parton structure function 19 - 101.тьe greatest attention 
is called Ьу the preliminary data of the NA-4 group 1111 in 
CERN on а direct measurement of the carbon structure function 
in DIS. These data point out the carbon structure function to 
have а consideraЬle value in the cumulative region х > 1 (up to 
х • 1.4), which is Ьу many orders of magnitude greater than it 
is allowed Ьу the Fermi-motion. If confirmed, this result will 
play an important part in proving the existence of the multi
quark states in nuclei. 

One sees from fig. 1 that the difference from the standard 
nuclear approaches is observed in three regions: 

а) Тhе region of small х, where the ratio of the iron and 
deuterium structure functions becomes greater than unity. Тhis 
points to the existence, in nuclei, of an additional sea of 
qq pairs (valent quarks do not contribute when х ... О). Тhis 
sea is more sufficient in heavy nuclei than in light ones. Тhе 
physical reason for а formation of such а sea may Ье different: 
mul tiquark states /1 2 • 13/ pion condensate / 14 • 15/ , "quark bag 
percolation" / 16 / , etc., /111 . 

Ь) Тhе region of intermediate x,where that ratio first be
comes less than unity, and then again intersects the line 
R ,., 1 at х .. О. 8 +О. 9. As has been shown Ьу numerical tests, 
the region of the second cross through unity depends on what 
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Fig. 1. The r a tio of the structure 
functions R ( Fe / D).The thin lines 
are the predictions of the 
standard nuclear models (the Fermi 
motion, the coherent tube model 
(СТМ) 1291, the few-nucleon cor
relation (FNC) model /б / ) • Тhе 
thick lines are our results for 
R2"' F~e; F~ (--) and the 
prediction for R 3 "' F ~е; F ~ 
(--- ·---) . Тhе wave line i s t he 
prediction of the "swel l i ng 

. nuc l eon" model / 24/ . 

part of the average momentum (in the infinite momentum frame) 
do the nucleons carry. If this part amounts to 100 per cent 
(as in any nonrelativistic potential approach). then the cross 
point l ies in the vicinity of х "' О. 5 and moves t o t he r ight 
side with the momentum part decrease. So . the deviations in tha t 
region again show. the existence of an additional agent with 
а certa in momentum part. 

с ) Finally . the r egion Х> 1. which has already been t a l ked 
about and wh i ch is а direct evidence t hat in t he nucleus ther e 
a r e some ob jects much heavier then nucleons . Тhе same qualita
t i ve peculiarities have also been observed for the r atio of 
the cumul a tive p i on sca t t e ring cr oss- sect i ons on differ ent 
nuc l e i /18/ . 

Our point of view consists in t ha t all the se three proper 
t ies, just as t he cumul a t i ve hadron pr oduct ion . are consequences 
of one r eason - the permanent creation and desint egrat ion of 
the mul t iquark f luctuations ( f luct ons) i n nuclei . I t is 
clear tha t. quali t a tively . th i s hypot hes1s 1n fac t exp l a i ns not 
only the th i rd one but also the two former new peculiarit i e s . 
so f a r a s t hat multiquark compound must cer t a in а gluon sea 
addit i qnal to t hat of t he initial joint nucleons . It is this 
very sea that gi ves rise t o an addit ional sea of the qq pairs . 
explaining t he i ncrease in the ratio in the small х region . At 
the s ame time . the additional seas take away а part of t he mo
mentum of valent quarks. Тhat leads. to а shi f t of the R. 1 
r egion to larger х. Тhе quest i on is how it is co-ordinat ed 
quantitatively. Will the sea not prove too large. so as to give 
rise to а discrepancy \vi th the absolute va lues of the structure 
functions or even t o an inconsistency wi t h the momentum conser
vation law at all? Do the percentages of the multiquark states 
in cumulative processes and DIS a gree ? Тhе a im of our work i s 
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to answer all these questions and to show that the multiquark 
flucton hypothesis is сараЬlе of providing quantitative expla
nations for all these phenomena and of predicting some pecu
liar features of the behaviour of the neutrino and muon DIS at 
nuclei. in particular. the ratio of the structure funct i ons for 
different nuclei. the difference of the isobar-nuclei structure 
functions. their А dependence. 

An important consequence of the EMC-data disagreement with 
the standard-model predictions is а distruct to the nucleon
structure information obtained at nuclear targets. Particularly. 
that applies to the QCD verification and to the determination 
of the Лосо value. Of course. nucleus is not а bit worse (but 
in таnу respects still better) than nucleon for the QCD verifi
cation because the evolution equations (the renormalization
group or Lipatov-Altarelli-Parisi ones) for nucleus are identi
cal to those for nucleon. However. we are unlike l y to intend 
а correct Л value if. as usually done. rejecting the region 
х > 1. Тherefore. our first proЬlem should Ье to restore the 
nucleon structure function using the hydrogen data only. This 
is treated in Sec.2. Section 3 is devoted to the constructing of 
the nucleus quark-parton structure function based on the hypo
thesis of the multiquark fluctuations which is used in Secti
ons 4 and 5 for describing the DIS and cumulative pion produc
tion cross sections. Section б is dedicated to some of t1~ e model 
predictions and to discussions : 

2. ТНЕ NUCLEON STRUCTURE FUNCTION 

Up to now. there are relatively few good data of the DIS on 
hydrogen /19 / , Here one may call the old SLAC data 120 1 in the 
momentum-transfer region Q 2 ~20 (GeV/c) 2 • the new EMC-group 
data 121 1 of the muon scattering in the region Q2<300 (GeV /с) 2 • 
and the CDHS- and AВCМD-group preliminary data of the v and v 
DIS on hydrogen 119 1. In the present work we will not Ье concer
ned with fitting the Q2 dependence of structure functions but 
are going to dwell upon the region 50 <Q 2<300 (GeV/c) 2 • since 
the experimental R-ratio depends weakly on Q 2 11( and the NA-4 
group data on carbon in the region х > l are related to this 
very transfer-interval /l l / . In fig. 2 the EMC-results of measu
ring F~Pin this region are represented; in fig.З. the ratio 
d /u 2obained Ьу the CDHS and АВСИD groups. Тhе valent u-

v v . . . . . . • 
quark d1str1but1on 1n а proton 1s approx1mated Ьу the express1on 

. () 2,188.'1+Ьх) . 1- .( 1 )з 
х . uv х = ---~--- • v х. - х • 

1 + Ьlg 
( 1) 

3 



2 

10_, 

8 

б 

4 

2 

~· -;.-~~-~.:"{: . т-~ ................ ~. 

t J'P - ~Х (EMCI 
E • 280GeV \ 
Q' >SO(GeV.k r 

t J'I-)IX(EMCI 
Е • 280GeV 
Q' >SO(GeV/C 1' 

ЕМС 

l ~S'ixi•Q.Sexp( -12.'1-\_ 

I CDНS \. 

I '-i 
1 
f 

o.os 008 0.1 0.2 0..1. 0.6 08 1 
х 

Fig.З. The ratio of the valent 
d- and u-quark distributions 
obtained from the neutrino DIS 
on hydrogen. 

Fig.2. The proton (!) and deute
ron (•) structure functions and 
the collective sea contribution 
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1 
which satisfies the normalization condition 
the dv/uv ratio Ьу the expression 

( Uv ( Х) d Х = 2 and 
о 

d v 1 u v =А. ( 1- х) • 

Thereupon, the normalization 
tion condition: 

А=_!+Ь/9 t-:;h7ii . 0.562 • 

1 
(d (х) dx 
о 

(2) 

1 leads to а correla-

Тhе SU(3) -symmetric ~uark-sea structure function is chosen in 
the form U0 = U0 = d 0 = d 0 = s (х) =с (1- х) n. The proton structu-
re function 

llP 4 1 . d v 4 . 
F 2 = - . х . u ( х) . ( 1 + - . ---) + - . х . s ( х) 

9 v . 4 uv 3 
(З) 
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is fitted to the ЕМС data (fig.2) Ьу the selection of the para
meters Ь, с and n. The sea parameters have been chosen over the 
small х region (0.05 ~ 0.35),where F~P is practically indepen
dent of Ь, and the parameter Ь over the region Х> 0.45. The 
result represented in fig.2 implies 

n "" 7, с = о. 15, Ь = О. 15. (4) 

Тhе А= 0.564 values, obtained here, are also in good cor
respondence with the data of fig.З. 

The nucleon structure function, constructed from the distri
butions u.,, dv and s, has the form 

/lN S 1 . /lP 11n 5 . . d v 4 . 
F2 =F2=--·(F 2 +F 2 )--·X·uv(x).(1+-)+-·X·S(x) (5) 

2 ffi Uv 3 

with the same parameters (4). 

3. ТНЕ NUCLEUS STRUCTURE FUNCTION 

Suppose that in the nucleus, together with the nucleons, the 
multiquark density fluctuations, fluctons, are present. Тhen, 
the nucleus structure function can Ье written in the form (still 
with no account of the Fermi motion) 

А А 1 
~ fk. ~. :Fk (х), 

k= 1 k 

А 
F2 ( х) = (б) 

А 

where ct are the flucton-creation probabilities ( ~ fkA = 1) 
k=1 

and Fk(x) is the structure function of а flucton from 3k valent 
quarks ( Fk ( х) -'0 in the region О< хА< k). 

Now let us turn to constructing the flucton structure func
tion for the colourless system composed of 3k-valent quarks, the 
qq pair and gluon sea; А concerns the valent quarks, it is easy 
to show that the wave function of any colourless system of 3k 
quarks (not being а product of k colourless triplet!) is reduced 
to an antisymmetrized comЬination of the products of colourless 
triplets. On fig.4 an example of such а reduction is shown for 
the six-quark system. (We call attention to the fact that only 
а pair of quarks is antisymmetrized, not the triplets!). Тhis 
implies that the valent-quark distribution over the fractions 
of the quark-system total momentum can Ье represented in the 
form of the Mellin convolution of the colourless-triplet dis
tribution N Lr) and the quark distribution in а triplet q ~r) 
(see fig. 5а) : 
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1 
1 (r) (r) Х (r) ( r) ( ) 

q k ( х) =- ~ ( ( N k (а ) · q ( {3 ) • 8 ( ·- - а • {3 ) d а d f3 = ~ N k Ф q v , 7 
v l<.r О v k . r 

where х,а,{3 are the corresponding momentum parts, х being defi
ned as the part for one nucleon, and r is the set of all the 
remaining quantum numbers of the colourless triplet. The baryon 
number conservation requires that 

k 1 (r) 
Jqvk (x)dxs3·k, 
о 

i. е. ~ JNk (a)da=k. 
r О 

(8) 

Using, further, the quark-hadron duality hypothesis, one can 
decompose every three-quark colourless state over the hadron 
states N,I1,N',N", etc., (fig.Sa) and assume the index r to Ье 
already а characteristic of the hadron three-quark state and 
q<~ to Ье the quark distribution in that state. Such а picture 
corresponds to the momentum approximation. 

Рау attention to the fact that the DIS virtual photon blows 
up only one of the quarks from some colourless triplet 
exciting thus colour degrees of freedom and giving rise to а 
continuous spectrum of hadron states. The colour degrees of 
freedom of the remaining colourless triplets are then left prac
tically unexcited, due to which they 11Work 11 effectively as point 
objects(like а multiatomic molecule at low temperatures). Thus, 
in this case we deal with k-1 passive point spectators. And 

. h 11 k . 11 1 123 ( . ow1ng to t е quar count1ng ru es · the pass1ve-spectator 
' 2k-3 

counting rule), the Nk behaviour at а-+1 should Ье Nk(a)-(1-a) . 
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In fact, such а behaviour determines only the upper bound 
for the decrease power, and as we shall see below, the experi
ment requires а little faster fall. 

Now let us proceed to the sea quark-antiquark pair distribu
tion. Each of such pairs can Ье produced Ьу gluons connected 
either with one colourless triplet or with two or more ones 
(а "collective sea"). In the former case, the colour degrees of 
freedom of the remaining triplets are left freezed and we again 
deal with the momentum picture (fig.Sb): 

1 (l (r) . (r) Х . {3 
sk(X)=~кJNk (a)·S (f3)·8(-u-a·8)dad. 

r О 

(7 1) 

However, the collective sea sk (fig.Sc) is not reduced to the 
momentum-approximation picture, cannot Ье represented in the 
form (7) and should Ье simply added to sk. What can only Ье esti
mated is the power of decrease owing to the passive-spectator 
counting rule, e.g., for the six-quark system sz-(1-x/2) 13 

(there are seven point spectators). 
It is now easy to construct the Зk-quark flucton structure 

function for the nucleus with the atomic number А and the charge 
Z, the third isospin projection, on an average, being equal to 

-11 = Z- N, where N =А- Z. It is sufficient to understand that 
2.А 

the r three-quark resonance distribution N (r) enters wi th the 
weight proport ~onal to 1/2 ( 1- 11/l Ij r > 1 ) and the r resonance 
distribution (r differs from r Ьу the change u ... d) has the 
weight factor 1 / 2(1+111\I~r) 1 ), so that the difference of these 
weights multiplied Ьу rjr) equals the nucleon-isospin third 
projection. Thus, 

(r) (r)S 11 . (r) (r)NSI 4 а , 
Fk(a)=~l(aNk )eF2 - ·(aNk )e~F2 +-

3 
·-·Sk(a), (9) 

r \1 ( r) l k 
3 

where F i is а symmetric, wi th respect to the change . u -+ d, (sin
glet) combination of the structure functions (see (5)), and 

F(r)NS =.!.(~z(r) -F~r>) .. l(u~) (x)-d~) (х)) 
2 2 6 

(!О) 

is the antisymmetric (nonsinglet) combination. 
Further, we might use the well-known circumstance that the 

resonance fraction in nuclei does not exceed а few percent. 
However, it would Ье illegal, since, as commonly assumed, the 
multiquark-state fraction is not great as well, and probably, 
the resonance fraction in multiquark states is very considerable. 
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But we can exploit that the convolutions in eq. (9) for the Fk 
moments are simply reduced to а product of the aNk(r) and F

2
(r) 

moments, and therefore the difference of the latter ones from 
the moments of the nucleon structure functions F (N)= F can always 
Ье "pumped" into the difference of the distributions N~r) from 
the nucleon distributions N~N)which is, all the same, unknown. 
Thus, we obtain an effective nucleon distribution Nk·Expres
sion (9) takes then the form: 

F k (а ) = (а N k) е~ F; + : · ~ · 'S k (а ) + t. · (а N k ) е F: S , ( 1 1) 

where the last item represents the correction to а non-isoscala
rity of the nucleus, not large as а rule*. The difference of 
the distribution functions N in the first and last item is 
caused Ьу the fact that the singlet and non-singlet moment ra
tios for the nucleon and the r resonance do not generally equal 
one another. However, the baryon number conservation requires 
that 

1 1 
JNk(a) da=JNk(a)da=k. (12) 
о о 

Let us now dwell upon the difference in the interpretation 
of а flucton as а multiquark object and а few-nucleon correla
tion (FNC) (see, e.g., the review / 6/ ). The fundamental diffe
rence consists in that in the FNC hypothesis the nucleons carry 
all the momentum of the flucton, i.e., 

1 
<a>k= (a·Nk(a)da=1, (13) 

о 

while in the quark interpretation а part of the momentum should 
Ье carried Ьу the additional gluon gk and quark-antiquark sk 
seas, so that the whole momentum part related to nucleons should 
Ье less than unity <a>k <1. As has already been said, it is this 
difference that is responsiЬle for the shift of the crossing 
point R = 1 from the region х"' 0.5 to the right and that allows, 
as will Ье seen below, to explain а less magnitude of the nucle
us structure function as compared with the nucleon one in the 
vicinity of х .. 0.5 (i.e., R (0.5) < 1). 

* The difference of the effective distribution Nk from the nu
cleon distribution N~ N) can also Ье "pumped" into а change of 
the nucleon structure function in the nucleus. As а matter of 
fact,just this approach is chosen Ьу the authors of the work 1221. 
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The failures of the FNC picture, pointed out, which are due 
to the condition (13), seem to Ье characteristic of any nonre
l~tivistic (let even relativized) nuclear picture based on the 
Schrёdinger equation with а normalized wave function or on а 
quasipotential type equation (that, as а matter of fact, is 
as well nonrelativistic if the quasipotential is independent 
of energy), connected with а selected momentum frame and 
with а cut-off of the Fock column states there. 

For instance, the two-nucleon structure function is defined 
through an integral over the transverse momentum from а squared 
module of the wave function depending on the module of the re
lative momentum of nucleons (see, e.g., 161 ). Due to this rea
son that function is symmetric with respect to the change 
а ~ 1-а and is normalized Ьу the condition (12). This immediate
ly implies that 

<а>2 =<1-а>2 =2-<а>2 i. е. <а> 2 = 1. 

The same failures are completely present in the approach of 
ref. 125 / where the flucton structure function is normalized Ьу 
the equality of the average momenta of the valent quarks in the 
flucton and in the nucleon, which entails automatically the con
dition (13). (Although the function N is not introduced expli
citly). As well, it concerns the approaches based on the po
tential interaction of quarks where the valent quarks carry the 
whole momentum of the multiquark system at all. 

Proceed now to determination of the probabilities rt. For 
this goal, it is now accepted to use the so-called bound channel 
model (see, e.g., 126 • 27/ and refs. therein). But it is not 
quite clear to us, how important for computing probabilities 
is the fact that the multiquark system in that approach are com
posed of the valent quarks alone, which has just been critici
zed above. Therefore, we turn to а more simple and clear appro
ximation of а rarefied gas having the origin as for back as in 
the pioneer work of D.I.Blokhintsevl281.we shall assume that k 
nucleons form а multiquark system when their centers approach 
one another to а distance of the order of the colour-confinement 
radius rc :1 fm about the nuclear force core douЬle radius. Тhе 
probability of such an event for the rarefied gas with the densi
ty distribution p(r), (Jd 3 r · p(r) = 1) is determined Ьу the well
known binomial formula (see, e.g.,/7 ): 

r A k СА (dз , ( ) , k-1 , A-k (l 4) k = А · , k · , r · р r · ( V с • р ( r)) . ( 1 ,.. V с • р,( r)) • 

Here CkA is the binomial coefficient, Vc = 4/3 ·'тr. r~ and, as 
а density, for intermediate and hea~~ nuclei, one can use the 
Woods-Saxon nuclear density (e.g.,/77 ) or the constant density 

9, 



approximation р( r) = f · (J ( R л- r). In the latter case the pro
A 

babilities take а simple form 

А qA k-1 А-1 А 
rk =<-л::-1-) . ck-1' r1. 

А qA 1-А 
f1 .. (1+---) 

А-1 ' 
(15) 

А А Vc -1 
where Qл=f2/f1=(A-1)·Vc/Vл·(1---) is the ratio of the 

VA 

six-quark and nucleon state probabilities in the nucleus A,which 
is considered as а fitting parameter in what follows. Formulae 
(15) are evidently true for а deuteron as well. 

4. ТНЕ CHOICE OF ТНЕ FUNCTIONS Nk ТНЕ PARAМETERS fk 
AND ТНЕ SEA 

Expressions (б), (11) give the nuclear structure function 
with no account of the Fermi-motion. То consider it, FA should 
Ье convoluted in the sense of (7), with the Fermi-motion struc
ture function FA(x)=N~eFA. However, for all functions Fk• but 
the first one F N, this implies the convolution NF with Nk and 
leads to а change of the form of Nk only. Thus, effectively, the 
inclusion of the Fermi-motion is reduced to the change 

N N 
F -NFeF =F 1 ( 1 б) 

In agreement with the supposition made above, that two nuc
leons form а quark system just as approaching а distance of 
the order 1 frn, we choose NF as the Fermi-step function with 
k F "' О. 19 GeV. It is known / 17/to have the form 

NF(x)- ...,.,. (8 ~(x-I)'J' 
{ 

3 2 2 
lx-11<8, 

, lx-11~8 2 , 
( 17) 

wl1ere 8=kF/m. As is seen from fig.8 the Fermi-motion is essen
tial in the vicini ty of х - 1 only. 

Let us choose the function Nk (a).As has already been said, 
the passive-spectator counting rules give for Nk the behaviour 
Nk(a)-(1-a) 2k-З in the region а-1. The phase volume model 
where Nk are the phase-volume parts attribited to one nucleon/29/, 
in the k :-nucleon flucton, gives 

Nk (а) = k · ( 2k - 1) . ( 2k - 2) . а . ( 1 _а) 2k- 3 • 
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But in this case <a>k = 1 with all that this implies. То 
make <a>k < 1 а more soft distribution is necessari{. The numeri
cal game with the functions of form Nk-a Y(1-a) - 4 +{3 shows 
that expression (б) has always а point Х= X 0 ,where F2A is prac
tically independent of the choice of the parameters ~л. Тhis 
is the point where Fk "'k · F1 ,i.e., where the nucleus structure 
function crosses the nucleon one (corrected to the Fermi-moti
on). This point also corresponds to R ( Fe/D) = 1. Above this 
point, F2A increases wi th f t, below i t decreases. The posi tion 
of this point is on the whole determined Ьу the quantities <a>k, 
not Ьу the particular parameters у and {3 (Unfortunately, we 
faild to prove this fact analytically). So, for <а> k = 1, 
Х 0 • 0.5 and shifts to the right with decreasing <a>k (i.e., 
the decrease in у and the increase in {3 ). Moreover, for other 
values of х, F2A(x) depends weakly on the choice of у and {3 for 
fixed <a>k. Due to this very reason, we have set у== О, i.e., 
chosen N k in the form 

N k (а ) == k . ( 2k - 3 + f3 ) • ( 1 - а ) 2 k- 4 + {3 • ( 18) 

The motion of the Х 0 - point for the function of that form is 
shown in fiA.б where the preliminary experimental results of the 
NA-4 group 1/ are presented. The coincidence with experiment 
occurs for {3 "'1. 5 (this corresponds to <а>2 "'О. 57) for which 
Х 0 = 0.85. This is, as well, in а good agreement with the Х 0 
region where R(Fe / D)=I. Note, that in this region neglecting 
of the additional sea sk proves to Ье in fact justified. 

Now let us choose the parameters Рл = 2 · qA and Р0 = 2q 0 and 
the sea s{(x) .They should ensure both the experimental R(Fe/D) 
(fig. 1) and the absolute F/e and rp values. As the latter ones 
we used the ЕНС group data 128 • 291 for Q 2 > 50 GeV 2 • In the re
gion х<О.б5 we confined ourselves to k.$ 3 and set s;(x)= 
= 3 · s2(x) == 3. s'(x) and s)/x) = о (k> 3). 

Most limiting were the values of F/c at the point Х= 0.55 
and of F2° at: the points х = О. 35 and х '"'О. 25 and also the 
maximum R value for х = О.б5. The .results of that analysis are 
represented in fig. 7. Shaded regions for r{e and F2° correspond 
to а minimum (maximum) value of s', in r;h,which is allowed Ьу 
the experimental error in the R(Fe/D)ratio. And the shaded 
R1h region corresponds to s'(O.бS)~O. It is seen from the figure 
that the crossing region of all the limitations is absent. 
However, if we permit the douЬle experimental error in F2° (0.25) 
(dashed line) and in F2° (0.35) (dotted-dashed line), then the 
most probaЬle overlapping region will lie in the vicinity of 
PFe = О. 28, Р0 = О. 1 З. This gives the following multiquark-state 
contributions: f [е .. 32%, с{е ... 9% (which corresponds Ьо 
rc .. 0.95 fm), rf .. 2o%. Тhе corresponding curve for F2 is 
presented in fig.2; for r{e,in fig.8 (where the contributions 
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of the six- and nine- quark systems are shown separately); and 
for R(Fe/D~in fig.l (in this figure the shaded line shows the 
R ratio without the additional sea contribution). We should like 
to stress the sufficiently good agreement of the theoretical 
curve with the preliminary NA-4 group data (fig.8) in the re
gion х > 1 (where k"' 4,5 have also been taken into account), 
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though the parameter Ре = PFe has been fitted in the region х < 
< 0.65. Тhis is one of the most convincing evidences of the exi
stence of the multiquark systems in nuclei. Тhе multiquark-fluc
ton percentage, obtained Ьу us, proves to Ье significantly 
greater than the usual one. From our point of view, this is 
caused Ьу two circumstances: а) the necessity of decreasing 
consideraЬly the momentum fraction of nucleons (more exactly of 
the valent quarks) in а nucleus; Ь) the nucleon Fermi-distribu
tion high momentum "tail" cut-off. 

The additional sea obtained is shown in fig . 2. It is well 
approximated Ьу the rapidly decreasing function of the form 
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It is interesting to compare the momentum fractions related to 
different components in а nucleon and а six-quark system.If in 
the nucleon with F/(x) being chosen, the valent-quark part is 
32% and the sea part is 1 1%, then in the six-quark s~тstem the 
collective sea obtained (19) amounts to 28% while the "nucleon" 
quarks (the valent and sea ones) to 25%. For the gluon part 
in the six-quark system there remains 47%, i.e., 10% less than 
in the nucleon, that reflects apparently its less bound nature. 

Тhе additional sea should most clearly manifest itself in 
DIS of v and v on nuclei in the function q ( х)- х (u + d + ••. ) 
and from this point of view it is interesting to compare it 
with the CDHS-group data1321' for the q(x) function of iron. Such 
а comparison is represented in fig.2.Тhere, the experimental 
data for each х have been averaged over all Q2 >5 GeV 2

, and the 
same formulas (6), (11) have been used with the same parameters 
and suyjositions as before but with а natural sudstitution 
F2N_.q =2·X·S(x).Additionally, it has been supposed that the 
8 -quark 5еа contribution is suppre5sed Ьу the Cabbibo-angle 
small value (the S-+ u transition) and Ьу the 8-+ с tran5ition 
threshold factor. It is seen that the 8' value obtained coinci
des with the former one in the small х region and is approxima
tely two times less for high х • Тhis difference may Ье rela
ted to а systematic error in experiment, to а deviation from 
the sea SU(З)symmetry sup!юsed and to the 8-+ с transition thre
shold suppression. As an illustration, fig.9 shows the ratio of 
Ffe obtained Ьу the EМC-group to the same value constructed 
from the CDHS-group data, neglecting the 8-+ с threshold sup
pression but taking into account the c-quark sea being sup
pressed 11 91 (5/18(xF3 -t8/5q),is shown Ьу circles), and taking 
into consideration the threshold suppression (5/18(xF3 + 12/Бq), 
shown with triangles). One sees that in both cases the ratic 
differs appreciaЬly from uni ty in the region х >О. 15. Lately, 
the preliminary CDHS-group data have become known / 33 / for the 
ratio of the sea antiquarks in iron and in proton which dis-
play no noticeaЬle additional sea. All this makes 
difficult the determination of the collective sea 8' parameters 
and estaЬlishment of the true reason for the ЕМС effect in the 
region of small x's. Thus, an additional experimental and 
theoretical study is required. 

5. ТНЕ C~llJLATIVE PION PRODUCTION 

As has already been said, the knowledge of the nucleus struc
ture function can Ье gained from the hadron processes. Although 
14 

it is not very clear а priori in what particular region the 
behaviour of the hadron cross section provides а direct informa
tion about the structure function and where and to what extent 
the traditional nuclear effects are important (re-scattering, 
cascade processes, etc.). For this purpose, it is interesting 
to compare the nucleus structure function obtained with the 
secondary hadron distribution over х, particularly, in the cu
mulative region х > 1. Moreover, this region is most sensitive 
to the multiquark-state contributions and gives а possibility 
of testing the parameters obtained from DIS. 

So, let us study the inclusive processes р +А__, .77 + Х of pion 
production in the fragmentation region for the nucleus А. Though 
the fragmentation mechanism does not describe all the properties 
of the cumulative hadron production (see, e.g., 17

/ ), for the 
pion production Ьу the angle close to 180° in the laboratory 
system it is the most probaЬle . The pion distribution 
in the proton-nucleus collision is constructed over the variaЬle 

(PRPC)+ 1 / 2(8 2 -ll2+ 28m) 
Х=--- ------------· 

(PЛP 8 )-(PAPC)-m(m+8) 

which plays the role of the minimum target mass just as in DIS. 
Here РА,В,С is the 4-momentum related to one nucleon of the 
nucleus A,to the initial proton and to the pion; т is the pro
ton mass, 8 is the minimum additional mass of the Х system: 
(M;)min =(m+m·X+8)2, i.e., 8 =О for 11+ and R = ll for 11-. In 
the naive fragmentation model the cross section has the form 

for 11 + 

{ 

х ( u А ( х) + 2s А ( У.)) 
1 -1 

(J = 180° х ( d А( х) + 2s А( Х )) 

се dr 
-л·dз-р-

с 
for 11 

Figs. 10,11 represent the data of the cumulative pion production 
on deuterium and lead for the initial proton energy 8.9 GeV 1

34
1 

and on the tantalum nucleus for the energy 400 GeV / 35/,and also 
the FA=x-(uA+dA+4sA)~value calculated with the s r.me pa
rameters as DIS. For the heavy nuclei the states up to k ~ 5 
have been taken into account. The normalization factor 
has been fitted over the region х- 0.8 7 0.9 where the FAvalue 
does not depend on the multiquark system percentage. It is seen 
that for х >О. 9 the agreement is sufficiently good,especially for 
the energy 400 GeV. However, in the region х <0.8 there are dif
ferences which seem to indicate а sufficiently high role of the 
secondary nuclear effects. 
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Thus, the idea of the multiquark fluctons seems in principle 
to allow description of DIS in the whole х region.There is no
thing particularly significant in this fact, since there were 
two more or less arbitrary functions N2(x) and s'(x) at. our 
disposal. The main question is to what predictions such а des
cription leads? How to test the hypothes is of the multiquark 
fluctons and the additional sea? First of all, the necessity 
should Ье mentioned of testing the preliminary NA-4 results in 
the region х > 1. This is the most brilliant and direct confir
mation of the multiquark flucton existence. Тhen, the good data 
in the neutrino experiments on hydrogen are necessary, which 
allow one to measure separately the distribution of the valent 
quarks F3 == ( uv + d v ) and of the sea q for the free nucleon. The 
comparison of these data with DIS on а nucleus will provide а 
direct information about the change of the structure function 
of the valent quarks ~nd the sea. The prediction for the F

3 ratio on iron and deuterium is represented in fig.1. Its cha
racteristic features are а consideraЬle widening of the region 
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R < 1 to small х (nearly to х .. О) and deepening of the hollow 
as compared with the same ratio for F2.These measurements will 
a lso al t ow one to distinguish between different models. For 
example, the "swelled" nucleon model / 24/ leads to the R3 beha
viour shown in fig. 1 Ьу the wave line. For the sea-quark ratio, 
on the contrary, we expect а little decrease in the region of 
the extremely small х (or its absence, depending on the sea s'), 
which then changes Ьу an increase. 

For the muon experiments in the region x<l, the most inte
resting, in our opinion, is the measurement of the А dependence 
for the R2 == F2A 1 F2° and of the Ff- difference on the isobar 
nuclei (i.e., nuclei with the same A,but different charges).The 
characteristic prediction of our model for R2 is а weak ampli .f y
ing of the EMC-picture contrast, i.e., а deepening of the mini
mum with increasing А, а growth of the raising in the region 
х <О. 35 and х > О. 85, an immobility of the crossing points R == 1 
(х "'0.35 and х "'0.85) and а rather r;uick growth of the ratio 
in the region х > 1. This is due to the cancellations of the 
main part of the А -dependence in the probabilities r.,/ in the 
region х <О. 85 (f1A decreases and others increase) and 
with the absence of that in the region х ~ 1. The corresponding 
curve for the dependence of R an А for different х are presen
ted in fig. 12. They have been obtained with the use of the 
probabilities (14) taking into account the inhomogeneity (for 
the Woods-Saxon potential), normalized Ьу the choice rc .. 0.95 
to the ratio of the iron and deuterium structure functions, and 
are in fine agreement with the R2 data for aluminium /2/ and with 
the dependence of the cumulative pion production cross-sec~ 
tions / 34,35/ . (The latter are normalized for Та point). 

The cancellation of the sea is characteristic of the dif
ference of the isobar-nuclei structure functions. Therefore, 
а consideraЬle difference from ( F~ - Fn) in the region of small 
х is absent, which has been observed lor the iron and deuterium 
structure functions. On the contrary, in the region of the 
intermediate х <О. б, а consideraЬle difference is predicted. 
The characteristic behaviour of the difference of the isobar
nuclei structure functions is shown in fig.13 in comparison 
with (F2P- r;). 

Thus, we have considered the model of the nucleus structure 
function based on the hypothesis of the multiquark flucton exi~ 
stence in nuclei. А consistent formulation of this model re
quires the existence in such states of an additional (to the 
nucleon one) gluon sea, and hence, of an additional sea of the 
quark-antiquark pairs, and the decrease of the valent quark 
momentum part. It is these bas ic properties tlшt distinJuish 
the model both from the few-nucleon correlation model/6 and 
from the other models / 7 • 15 • 24 • 29 • 36 1 . These properties allow 
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one to explain in а unique way all the charac teristic features 
of the so-called 'EМC-effect (the growth of the ratio for small 
х, the shift of the crossing point R = 1, as compared to the 
standard methods of taking nuclear effects into account, to 
greater х, and the quick R growth in the region х .. 1), а con
sideraЬle number of DIS events on nuclei in the cumulative regi
on; and also the behaviour of the cumulative pion production 
cross-section. The model with the so-called "pion condensate" 1 14 •151 

is formally similar to ours but differs Ьу а stronger A-depen
dence. Notice also that one of the consequences of а large col
lectin sea is the expectation of the increased, as compared 
to/

6
/, correlations of the DIS leptons with the cumulative pro

tons (flying out to the back semisphere in the laboratory 
system). 
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