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ABSTRACT 

The correction to the nucléon valencei-.quark structure functions 
implied by 6-quark clustering in nuclei are found to be in remarkable agree
ment with recent data from S.L.A.C. on the A-dependence of electron-nucleus 
deep inelastic scattering. 

RESUME 

On montre que les récentes mesures de diffusion profondément inélastique 
électron-noyau à l'accélérateur de Stanford sont remarquablement bien décrites 
par l'effet correctif d'amas de six quarks dans les noyaux a la fonction de 
structure des quarks de valence du nucléon. 



I. IMTROPUCTIOM 
Evidence for a systematic difference between quark structure functions 

measured in deep inelastic muon scattering on Iron as compared with Deuterium 
- the so called "E.M.C.-effect" - has been rather puzzling for theorists. Quark 
momentum distributions in nucléons were expected to be independent of their nu
clear environment. This remains only roughly true and the "E.M.C.-effect" unam-

[2] biguously shows the existence of nuclear corrections. Several explanations 
have been attempted for this effect at the hadronic level (nucléon correlations, 
pion and A-resonance enhancement, multiple scattering) as well as at the sub-
hadronic level (multiquark correlations, Q.C.D. scale modifications, etc . . . ) . 

[3] 2 2 
The recent S.L.A.C. data at moderate momentum transfer values (2<Q <I4.9GeV ), 
covering a wide variety of nuclei, offers a useful and rather constrained test 
of these explanations. [4] In a preceeding work (referenced henceforth as I), we have developped 
a phenomenological approach of the problem in the framework of clustering ef
fects in nuclei on the valence quark structure function. Comparing multi nu
cléon to multi-quark clustering, we concluded in favour of a 6-quark model. 
In the present communication, we confront the predictions of this model, in-

2 eluding the dependence on 0 , to the recent data from S.L.A.C. We shall limit 
ouselves to not too small values of the Bjorken variable,x .» .2. In effect, 
what is measured experimentally are ratios of cross-sections and these are 
known -"to differ in the small-x region from the standard ratios of quark struc
ture functions due to the contributions from R - a / oT . Moreover, this small-x 
region receives large contributions from the sea quarks in nuclei for which, as 
emphasized in I, an entirely distinct phenomenon is implied by the E.M.C. ef
fect. We will then focus our analysis on valence quark structure functions and 
their modification expected from 6-quark clustering effects in deep inelastic 
scattering from nuclei. 

II. NUCLEAR QUARK DISTRIBUTIONS WITH 6-QUARK CLUSTERING 

Following I, we specialize to the case of an isoscalar target with valen-
A 2 cc quark distribution function q v(x,Q ) equal for u-and d-quark flavors. This N 2 is given by the valence structure function on a nucléon q v(x,Q ), with a small 

admixture of a 6-quark contribution, involving the valence structure function 
of a quark in a 6-quark cluster q^. In practice, one gets a convolution formula 
which expresses the probability that a nucleus leaves a fraction of its 
light-cone momentum to the 6-quark cluster'!) before deep inelastic scattering 
takes place. Neglecting the Fermi motion of clusters, one gets 



X 

(» qJ(x,Q2) - j ^ jqJ(x,Q2) *e q~(px,Q2)j 

where £ reflects the clustering probability per nucléon in the nucleus, the 

various quark distributions are normalized over their relevant ranges of x 
[ 2 fflN 

a s l d x 1u( x»0 ) = 3/2 and p = — is a parameter of the model. Note that 
A ] lmiy 

q v kinematically extends up to x»—. In paper I, we obtained p*,6, which cor
responds to ii^w 1.67m,,, the 6-quark cluster being lighter (more bound) than 
2 free nucléons. 

In formula (1), all the A-dependence of the model is expected to lie in 
the variation of the clustering probability per nucléon £. As was noticed in 

1/3 paper I, this parameter is predicted to behave as the nuclear radius R » A , 

since it reflects the geometrical factor in the probability for a virtual 

point-like photon to find a 6-quark cluster in its way through the nucleus. 
A 1/3 We are then led to the parametrization c « .20(77) , starting with the 20% 

clustering we found in paper I for the E.M.C. effect. This prediction corres

ponds to the expectation of a dibaryon clustering throughout the nuclear volu

me and gives a smooth evolution from 10 to 30% between Beryllium and Gold, This 

order of magnitude is in agreement with a model evaluation of the 6-quark clus

tering orobabilitv (see the final discussion). 

2 The 0 -dependence of the structure functions is fixed by the Q.C.D evolu-
2 tion equations, once input boundary values are given at a fixed 0 n. We choose 

N 2 *Z> 2 [6] 
for qv(x,Q ) and q„(x,Q ) the Buras-Gaemers parametrization : 

N '• 1 1 r(n,+n,+ D n,-i r\2 

<" «r"<.Q> - I r<n,)r< vn
 x ( ," x ) 

/ l o g 4 \ — / A 1 2 2 2 2 with s « log ( -s J, A - .09 GeV , 0 » 1.8 GeV , for the Q.C.D. parameters. 

N — — <2) 
For q v, we take : n - ,7 - ,176s, ru » 2.6 • ,8s, as in Ref. 6. For qr, we 
obtained in I : n, • 1. - 0.15s, TU " 9» +

 4- 8; at s » 0, ru is determined by 

the spectator quark rule, and n, is considered as a parameter for the descrip-

tion of the E.M.C. effect. Note that the Q -dependence of q v and q"'' is not the 
2 v v 

same, which may give small Q -dependent effects as a necessary consequence of the 
Q.C.D. evolution equations. 

Finally, one should take into account the fact that a small admixture (for 

x > .2) of the sea-quark component can be present in the experimentally ob

served ratio of cross-sections. For a nucleus of mass number A compared to 

the deuterium, we write: 



\ „2, qî ( X' Q 2 ) > qsea ( x^ 2> 
( 3 ) ~ ( x , Q ) * ~ N — 2 — N r ' 

ad q^x.oVq^x.Q2) 

where q

N is also taken from Ref. 6, that is ' ; 2 1 2 ( l - x ) l 0 , 0 2 at 0 2 = Q 2. As Msea ' 6x xo 

previously mentionned, we neglect any anomalous nuclear contribution to the 

sea quark distribution. The only relevant parameter as far as the A-dependence 

is concerned is the 6-quark cluster probability e. 

III. RESULTS AW COMPARISON WITH PATA 

In figure 1, we considered the cross-section ratios as functions of x for 

three nuclei with different predicted values of the clustering probability e: 

Beryllium (e « 107), Iron (e « 207), Gold (e « 307.). The comparison was made 

with our input structure functions (s « 0) using formula (3). In order t" check 

the values for other nuclei, we have also considered the behaviour at fixed x 

(x « .3 and x » .54) for all nuclei measured at S.T..A.C. (see figure 2).Both com

parisons show a very nice agreement with data. It appears clearly that accoun

ting for the A-dependence only through the clustering probability parameter £ 
1/3 . 2 

with a A behaviour supplies an excellent fit to the complete set of Q -avera

ged S.L.A.C. data. 

The observed rise beginning at x = .7 is reproduced in the clustering mo

del much more satisfactorely than by the Fermi motion of nucléons. Note that 
€ 2 

the large x tail of the cluster structure function q"(px,Q ), which is respon

sible for this behaviour, is predicted to extend at x larger than one. This 

leaves open the possibility to check clustering effects in this region. For ins

tance, the ratio of cross-sections for different nuclei o ,1(5 is expected from 

formula (I) to behave roughly as a constant near x » 1. 
2 2 

Concerning the Q -dependence, the comparison with data for different 0 

is shown in figure 3, where the agreement with the predicted trend is good. 

Note that the overall effect of clustering is analogous to a change of scale 
2 

Q , depending on the atomic number. This effect is similar to the one prooo-
[21 

sed by Close et al , describing the E.M.C. effect by a A-dependent change 
2 

of scale Q performed on the nucléon structure function. Whether this reflects 

a coincidence or a deep connection between 6-quark clustering and a change of 

the confinitient scale in nuclei is a matter of further phenomenological and theo

retical investigation (we note,in passing, that the 6-quark clustering convolu

tion satisfies the kinematical requirement "[£?> m discussed by Close et al). 

We think that it is important, for any model which is proposed for the nuclear 
2 

structure functions, to check the combined A and 0 -dependence. For the same 



N 

2 
reason, more experimental data at various Q would be of great theoretical in
terest. 

II/. V1SCUSST0N AMP CÛNCLUS10HS 

It is interesting to examine the compatibility of our findings for the 

size and nuclear A-dependence of the six-quark cluster probability E(A) with so

me simple-minded considerations based on conventional nuclear structure physics. 

Let us therefore reason on the basis of a nucleus rest frame description. We 

may then express e(A) by the formula : 

(4) e(A) - -jA(A-l) jjdr* dr* p(r|) pCr^) Ffr^-r*) V (rpr*), 

which corresponds to an average over the nuclear volume of the product of the 

nuclear two-nucleon density matrix p 0(r.,r„), approximated here as the product 

of single-nucleon densities p(r.) p(r_) (normalized as /dr p(r) » 1) with the 

two-nucleon correlation function F(r,-r ?), times the probability of quark 

exchange between the nucléons represented by V (r.-r,). This formula has been 
(2) q ! . 

suggested by Close et al , which use a geometrical interpretation correspon
ding to a V (?.-?-) given by the volume overlap of two extended nucléons loca
lized at ?. and r_. An alternative choice for V (r.-r0)is to use the Pauli 

\ L q 1 L 

exchange contribution to the normalization integral of a six-quark wave func

tion, with full permutational symmetry between quarks, corresponding to two 

three-quark clusters with nucléon quantum numbers and distant by (r\-r_). 

Predictions for e(A) obtained by describing nuclear single-nucleon densi

ties p(r) with uniform distributions of radii adjusted to the observed r.m.s. 

radii and by setting FCr.-?.) » 1 are shown by figure 4, The incorporation of 

nucléon Pauli correlations is found to affect very marginally the results. The 

present predictions have some realistic features, such as a very low probabili

ty for deuteron, e(d) * 2 <v 3/io,and a probability for iron, c(Fe) = 15 - 20% , 

within the range expected on the basis of the E.M.C. effect. One observe s signi

ficant fluctuations in e(A) with A which reflect deviations in the nuclear radii 
1/3 from the smooth A law. The general trend is that of a faster increase with 

A at small A £ 10, and the finding for larger A,say A _> 40,of an empirical law 

e(A) ii A a with a « 0.3 - 0.4 in agreement with our above choice a » •=• . 

The above finding for e(A) is adnittedlya crude one. A proper formu

lation should make use of a light-cone description of nuclear structure and 

introduce appropriate constructions for the corresponding nuclear distributions. 

We think that the E M.C. effect provides a »ood phenomenological support for 

such studies. 



The main conclusions of our study can be stated as follows: 

•i) the x-dependence of nuclear cross-section ratios o,\/o<j for deep inelastic 
electron scattering are well reproduced by the contribution of some 6-quark 
clustering in nuclei. 

iÀ.) the A-dependence of this effect is in good agreement with a simple geome
trical effect leading to a clustering probability per nucleus proportional to 

1/3 the nuclear radius R « A 
2 ÂJJ.) the Q -dependence of the model is compatible with data in the observed 

2 
Q range. This question deserves more experimental and theoretical investiga
tions, since it allows a deeper understanding of the quark wave functions in 
nuclei. 
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Figure 1: x-dependence for -g-(E".D, -JJ-(E".2) 
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The data on cross sections ratios are the 0 -
averaged ones from réf. [3]. The low x-region 
below the dotted line, is not used for the 
comparison (see text). 
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Figure 3: Q -dependence for Be , Fe 
Au and x » 0.3, 0.4, O.6. 

Figure 4; Six-quark cluster probabi-
lity e(A), eq.(4), versus A in twg 
models of the nucléon overlap V (r): 
geometrical1- •• V M -, q , 
V q(r).e(2R N-r)(^)[.-^- + 1L(X.)

3] 

and periïintationali ' i 
•* V M 7 2 2 

V (r) - -^ exp(- j2(-ar ' ^ s n o w n r e s _ 

pectively^y open and dark circles. 
N X 3 (Rpj-nucleon r a d i u s , — » (—) » 
A A 

r a t i o of nucléon to nuclear volume, -L a » quark oscillator parameter ~(0.62fm) ), 
The dotted line corresponds to 
£ - 0.17(A/56)''3. 
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