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The high-mass dilepton production on nuclear targets observed by the E772 Collaboration is ana-

lyzed by the constituent quark model. We show that the constituent quark model even without the
nuclear shadowing improvement agrees better with the existing data on nuclear targets not only in

the inelastic-scattering process, but also in the Drell-Yan process. Further, the QCD improvement
for the partonic shadowing model is made. It is found that both the Q dependence of the shadow-

ing strength and the momentum loss due to the annihilation of the shadowed sea quarks evidently

depress the distributions of nuclear sea components in the antishadowing region.

I. INTRODUCTION

Recently, the E772 Collaboration' at Fermilab pub-
lished the data of high-mass dilepton production mea-
sured in the nuclear Drell-Yan (DY) process. These
data aroused special attention in clarifying the different
explanations for the nuclear inAuence on the momentum
distribution of quarks. Their results show that the ratio
of DY dimuon yield per nucleon on a nuclear target to
that in a free nucleon is slightly less than unity if the
momentum fraction xz carried by a target quark is less
than 0.1. The ratio over the range of 0.1 &x &0.3, how-
ever, does not reveal distinct nuclear dependence.

Deep-inelastic scattering (DIS) on nuclear targets in
the muon and electroproduction processes [i.e., the Euro-
pean Muon Collaboration (EMC) effect) has already
shown that the momentum distributions of partons in a
nucleon are affected by the nuclear environment. This
discovery has provided a large number of different inter-
pretations that describe the DIS equally well. A marked
difference of those interpretations is in their distinguish-
able behavior of nuclear ocean distributions. Bickerstaff,
Birse, and Miller expected the nuclear DY process to be
a valuable tool for sorting them out. The E772 Colla-
boration made the observations in the kinematic region in
which the following quantum chromodynamics (QCD)
subprocess is predominant; i.e., a quark from the beam
nucleon annihilates with an antiquark from a target nu-
cleon. Their experimental data, to a great extent, just re-
veal ocean distribution. Therefore, the E772 experiment
attaches a peculiar significance to throw light on the ori-
gin of the EMC effect.

A series of studies for the nuclear inhuence on the nu-
cleon structure function were completed by the constitu-
ent quark model (CQM). In this paper we attempt to
use the physical picture of the CQM to study the
phenomenona observed recently in the nuclear DY pro-
cess. The Q dependence of the nuclear antishadowing is
analyzed by perturbative QCD. The organization of the

paper is as follows: We address ourselves to use the
CQM to take account into the nuclear DY process in Sec.
II. The shadowing improved by QCD are studied in Sec.
III. We devoted Sec. IV to analyzing the scaling viola-
tions in the shadowing. A conclusion is given in Sec. V.

II. FEATURES
OF NAIVE CONSTITUENT QUARK MODEL

What is based on the following consideration for
adopting the CQM to analyze the EMC effect? ' Al-
though the distortion of the current quark distributions is
the most remarkable characteristic of the EMC effect, the
nuclear effect responsible for the distortion, at the scale
of low momentum, acts directly on the wave function of
the bound state of a nucleon consisting of the three con-
stituent quarks. It is generally accepted that the constitu-
ents (building blocks) of the mesons and baryons appear
as a bound system of the type (qq ) or (qqq), respectively.
The point of view successfully describes the low-lying
hadron spectrum, the magnetic moments of the baryons,
their SU(3) properties, and the F/D ratios of the matrix
elements. ' On the other hand, the weak and electromag-
netic currents appear to couple to pointlike objects with
quark quantum numbers in the processes with high
momentum transfer. Indeed, the probes with high g in
this case "see" those partons dissolved by the constituent
quarks and they are called the current quarks or the
gluons. These current quarks are not the same as the
constituent quarks. So far, the hadron wave function
with current quarks is not simply determined by any
model at all. The connection between the current quarks
and the constituent quarks can be established phenome-
nologically by a convolution form. "' To be specific, the
sea quark distribution in a free (bound) nucleon
FJv~~~(x, g) can be expressed by the constituent quark
distribution G, && ~ z ~(y ) as follows:
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&~~&~(x, g )=g dy Gezx(w)(y)Fere(a)(x/y»Q )»
X f F~(X,Q )dx = f F'„(x,Q )dx

F:ix(& g') =F'i~ (z Q') .

On the other hand, the normalized condition

(2.2)

1f G, i~(y)dy = f G, i~(y)dy =1 (2.3)

(2.1)

where F,'&z~ z~(z, Q ) is the structure function of the con-
stituent quark in a free (bound) nucleon and has much to
do with a probe. The distribution G, && is distorted by
the nuclear interactions to become the distribution G, &z.

We assume that the exchange of the wee partons dom-
inates the nuclear interaction, and in whatever form
(pionic or other mesonic) the wee partons appear, the
three constituent quarks are, on average, "dressed" in
them. In this case, as shown in Ref. 9, the probe cannot
distinguish between the distribution of the primitive sea
quarks in a constituent quark and that of one of the
quaks in the mesonic cloud. The structure functions of
the constituent quarks are universal and still remain valid
in nuclei if nuclear shadowing is neglected, i.e.,

f F&(x,g )dx= f Fz(x, g )dx .

This implies that the distortion of the constituent quarks
immersing in the nuclear environment makes the parton
momentum transference restricts only to each parton
component itself. Generally speaking, the degraded mo-
menta for the valence quarks in the intermediate region
(0.3 8 x 5 0.7) of the Bjorken variable x can be
transferred into themselves either at low x or at high x.

The DY ratio measured, by the E772 Collaboration', is
the ratio of the DY differential cross section in nucleon-
nucleus scattering to that in nucleon-nucleon scattering:

f dx ) fdg d o' ~ ~ (x )» x q» Q ) /dx ) dx 2
R(x2)= f dx ) fdQ d o'~ ~(x )»x2» Q )/dx )dx2

(2.6)

where the DY cross section per target nucleon is given
b

and the momentum sum rule
1f G, ~~(y)ydy = f G, ~„(y)ydy =

—,
' (2.4)

d o /dx, dx2 =K 4ma 1

9s x lx2

X ye, '[q, (x„g')q, (x„g')
for the CQM directly result in the two striking charac-
teristics different from other models. One of them is that
incorporated with the normalized condition (2.3), their
universality leads to the ratio of the ocean distribution in
a bound nucleon to that in a free one:

&nts=F~{x Q')/Fk(x Q'» (2.5)

to be restricted only to the neighborhood of unity as x ap-
proaches zero. It is peculiar to the CQM. Actually, the
inconsistence of the original muon production data for
the EMC (Ref. 13) from the electroproduction data for
the Stanford Linear Accelerator Center' (SLAC) arrest-
ed our attention in Refs. 4 and 5. According to the
characteristic mentioned above, the CQM tends to the
SLAC data and, at that time, the CQM is opposite in the
ideal to an obvious enhancement of the nuclear ocean
components at low x accepted extensively by the other
models. ' Our point was also confirmed by data' of Ben-
venuti et al. later. In the sense mentioned above, the
CQM provides a good background for describing the oth-
er interesting phenomena observed on nuclear targets
such as nuclear shadowing, the Drell-Yan pair produc-
tion, etc.

Another characteristic for the CQM is that, as implied
by the sum rule (2.4), their own momenta carried by the
ocean quarks and the other components. (the valence
quarks and the gluons) are preserved, respectively, al-
though the distortion of the distribution G,&„(y) results
in the changes of the parton momentum distribution in a
bound nucleon. Indeed, associated with the universality
for the structure function of the constituent quarks (2.2)
and the momentum sum rule (2.4), the formula (2.1) re-
sults in

+q;(x„g )q;(xz, g )j . (2.7)

III. THE IMPROVEMENT
IN THE PARTONIC SHADOWING

Just as the DIS data, the improvements for the nuclear
shadowing and antishadowing in the DY process have to
be analyzed carefully. In this paper we still employ the
improved partonic shadowing model. '

The notations here are presented as follows: a is the
fine-structure constant, e; is the quark (antiquark) charge
with the fiavor i, &s is the energy in the center-of-mass
system, q,.(x) and q,.(x) are the quark and antiquark
momentum distributions, and K is the QCD correction
factor.

In the case of ignoring nucleon shadowing, the DY ra-
tio with the integration range 16 (GeV/c) ~ —Q ~81
(GeV/c) and x, —xz)0 are evaluated numerically by
the CQM (Refs. 6 and 9) and its result is shown in Fig. l.
It is obvious that the prediction of the CQM is closer to
the E772 data by comparison with those of the other
models.

In a simple form, the CQM seems to successfully give a
reasonable physical picture for the distortion of nuclear
structure functions to describe the existing DIS data for
the EMC effect, even including the DY data to some ex-
tent. In particular, the CQM insisted on considering a
few years ago ' that there was no clear enhancement for
nuclear sea quark-antiquark pairs at low x in contrast to
most of the other models. This is why the CQM for nu-
clei can offer a better description for the DY process ob-
served by the E772 Collaboration lately.



1998 W. ZHU AND J. G. SHEN 43

The recombination among wee partons in nuclei breaks
up the universality of the structure functions for the con-
stituent quarks to give rise to nuclear shadowing. In view
of the momentum balance of the quark-parton system, we

have developed the partonic shadowing-antishadowing
model in Refs. 7—9. In such a case, the ocean component
Fz „(x,Q ) folded in the nucleon structure function
should be expressed by

a(g )(1—x)~'~ ', 0&x ~x„,
F'„„(xg )= '

2 ([a(g )(1—x„)~'~ 'F„'(x„,g )]f(x)+F„'(x,Q ), x ~x„
(3.1)

with

[(1—x/2)/(1 —x„)]' (x„/x ), x„~x ~ 2x„,
[(1—x/2)/(1 —x„)]' (x„/2) [—,'(2x„/x) (1—2x„)/(3x)], x ~2x„. (3.2)

Here the point x„characterizes the occurrence of the on-
set of shadowing; the subscript sa denotes the inclusion of
shadowing and antishadowing so as to discriminate it
from the sea quark distribution F~ (x, Q ) in a bound nu-

cleon, in which the two effects are not taken into account,
and

a=F~(O, Q )R, (Q ),
R, (g )=1—k, (g )(A'~ —1)—:1 —k, (g )n, .

(3.3)

k, is called the shadowing strength. The power P in the
ocean component (3.1) can be determined by the momen-
tum conservation condition

(o)
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FIG. 1. The prediction of the naive CQM for the ratios of the
Drell- Yan dimoun yield in the kinematic region 4 & M» & 9
GeV and x

&
-x2 )0. (a) C/H, (b) Ca/H, (c) Fe/H, (d) W/H. The

data are taken from the E772 experiment (Ref. 1).

—", j [F„' „(x,g ) F~(x,g—)]dx= n, y—(Q ),
0

(3.4)

where n, y(g ) represents the transference momenta
from the ocean to the gluon caused by the recombina-
tions among the shadowed sea quarks.

The experimental condition in the DY process ob-
served by the E772 Collaboration differs from that in the
DIS process observed by the EM Collaboration; that is,
the —Q value of virtual photons in the DY process is far
larger than that in the DIS one. As a result, in order to
explain the E772 experiment, one should take into ac-
count every possibility of Q dependences in theory and
their corresponding scaling violations in the shadowing.
It is shown in Ref. 6 that, because of the covariance for
the g dependences of the numerator and of the denomi-
nator in the DIS ratio (2.5), the Q dependence of the ra-
tio R&(x, Q ) of the structure functions is not obvious in
the CQM without the shadowing modification. Now we
are devoted to study the Q dependences of the shadow-
ing strength E,(g ) in the formula (3.3) and of the
transference factor y(g ) in the formula (3.4).

(i) As shown in the DIS process, except that a much
smaller part n, y(g ) of the ocean momenta lost in the
shadowing region is transferred into the gluons, a great
part of it could be compensated in the antishadowing re-
gion such that the sea quark distribution over the range
0.1&x &0.3 would evidently be enhanced. In order to
calculate the transference factor n, y(g ), one should
throw light on the dynamics for the recombination mech-
anism. The partonic recombination is dominated by a
nonperturbative QCD process and, in the meantime, it
has a perturbative QCD tail expressed as a nonlinear
term. For lack of the knowledge of soft QCD, postpon-
ing the details of the recombination dynamics temporari-
ly, it seems appropriate to make a simple presumption
that the partonic recombination probability is directly
proportional to the partonic density square. The experi-
mental values of the transference momentum square Q
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for the DIS data are not high in the small-x region, for
example, Q &20 (GeV/c) for x &0. 1 in the EMC data.
In contrast, the —

Q values of the E772 data correspond
to 16—81 (GeV/c) . According to QCD, the density of

ocean quarks at low x is enhanced with Q increasing.
Hence, it can be expected that more momenta are
transferred into the gluons by way of the annihilation of
the shadowed sea quarks at high Q . So we get

X X

y(Q )=y(Q, )f x[q„'(x,Q )] dx f x[q'„(x,Q, )] dx . (3.5)

Here the contribution for x &0.001 was ignored. As for
an iron target, n, y(Q, ) =0.0036 is taken if Q, = 10
(GeV/c) . In this way, n, y(Q )=0.0064 at Q =50
(GeV/c) . What we want to emphasize here are that, on
the one hand, the momentum loss of the ocean quarks
would depress the ocean distribution in the antishadow-
ing region. Especially in the DY process, such a depres-
sion is stronger than that in the DIS process because of
the more important role of the ocean quarks relative to
the valence quarks here. On the other hand, the momen-
ta lost by the ocean quarks are only a much smaller part
of the total momenta originally carried by the ocean
quarks. The increase in the ocean momentum loss could
be considerd as one of the reasons for which the nuclear
antishadowing effect in the E772 data is weaker. The DY
ratio R for iron is shown by the broken line in Fig. 2 in
which the shadowing has already been taken into ac-
count, but it is supposed that the shadowing strength
k, (Q )=0.1 is independent of Q . As shown by the re-
sult, although the antishadowing in the DY process at
high Q could be depressed, to some extent, in compar-

0.9-
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FICs. 2. The same as Fig. 1, except in the CQM with the sha-
dowing improved by QCD. The solid line corresponding to
k, (Q ) is Q dependent and the broken line corresponding to
K, (Q ) =0. 1 is g independent.

ison with that in the DIS process at low Q [see formula
(3.5)], the stronger shadowing and antishadowing are still
demonstrated by the theoretical result. This implies the
existence of another factor depending on Q in a stronger
manner.

(ii) Now we proceed to analyze the Q dependence of
the shadowing strength k, (Q ). The recombination role
in the partonic shadowing model reflects on two points.
One of them, the nonperturbative recombination effect,
could be phenomenologically expressed by the primitive
nuclear ocean and gluon distributions, including the sha-
dowing strength K, (p, ) and K (p ). Another of them,
the perturbative recombination effect, would be expressed
as a nonlinear term inversely proportional to Q .

Some of authors considered hitherto that the Q
dependence of the partonic shadowing is not obvious.
They assumed that the nonlinear tail describing the per-
turbative parton recombination process is not negligible
within the range of available Q for the present experi-
ments. Such a nonlinear term is required to remedy the
weakening of the shadowing strength with Q evolving. '

The observation made by the E772 Collaboration, howev-
er, motivated us to study another possibility in contrast
to Ref. 17; that is, there exists such a scale Q, for which
the nonlinear term for Q )Q, could be ignored. In this
case the modified Altarelli-Parisi equations' will be de-
generated to the normal QCD evolution equations. '

If the value of Q is raised from Q =p, to Q
'=

Q, ,
both the shadowing strengths k, (Q ) and ks(Q ) could
be approximately considered as unchanged because of the
nonlinear term at work, namely, k, (p ) =k, (Q, ) and
ks(p, )=ks(Q, ). After this, the shadowing strength for
the sea quarks for Q )Q, can be completely deduced by
the evolution of the ocean and the gluon shadowing at
Q -Q, as input for the procedure. Actually, the sha-
dowing of the ocean quarks for Q )Q, is formed by the
original ocean shadowing mixed with the ocean shadow-
ing produced by the gluon splitting. The shadowing
strength of the latter depends on that for the gluons.

What interests us is whether or not k, (p ) is equal to
ks(p ). From the point of view of QCD, the sea quarks
are directly formed by the gluons, whereas the gluons are
primarily produced by the QCD bremsstrahlung of the
valence quarks. The nuclear shadowing effect for the
ocean quarks comes from two sources: they are either
the recombination of the gluons or that of the ocean
quarks. But the gluon shadowing is owed to the gluon
recombination (there hardly exists shadowing for the
valence quarks ' ). It seems that the ocean shadowing



W. ZHU AND J. G. SHEN 43

due to the two sources is stronger than that for the
gluons due to the only one and so k, (Q, ) )ks(Q, ) is
plausible. A similar conclusion is also made in Ref. 17.

If the conjecture about k, (Q, ) )k (Q, ) just mentioned
is correct, it may be considered that the ocean quarks
with Q increasing are continuously coinpensated by
those coming from the weaker gluon shadowing and so
such a mixed shadowing would be weakened logarithmic-
ally.

It will be shown in the next section that the Altarelli-
Parisi equations under the leading-logarithm approxima-
tion (LLA) can provide a possible evolution form for the
shadowing strength k, (Q ) in a simple way.

IV. THE SCALING VIOLATION OF SHADOWING

As shown in Sec. III, the shadowing observation made
by the E772 Collaboration is weaker than that made by
the EM Collaboration and it could be viewed as the
weakening of the ocean shadowing strength k, (Q ) with

Q evolving. In addition, k, (Q, ) ) k (Q, ) with Q, being
the moderate scale. If Q )Q, , the nth-moment equa-
tions for the ocean distribution in a constituent quark be-
come'

&F; (g') &„=&F; (Q,') &„&,",(Q')

+&Fg, (g,')&„~,",(Q')

+ &F,"g~(Q,') &„&Ns(Q'),

& F;,„(g')&„=&F;,„(g,') &„~,",(Q')

+ &F;,„(g,') &„~,",(Q')

+&F;, (g,')&„~",(Q'),

(4.1)

(4.2)

bs( 2)
Fc~x(z Q )=ax(g )(1 z)

where &F(Q ) &„—=fp" F(z, Q )dz and the nuclear
shadowing do not affect the distributions of valence
quarks in the constituent quarks. The definition of each
quantity in Eqs. (4.1) and (4.2) is given in the Appendix.

In view of the Regge asymptotic behaviors of the
gluons and of the ocean quarks as x tends to zero, their
distribution in a free nucleon can be taken as the Buras-
Caemers forms

bs (Q2)
F;q~ (z, Q') =R, (Q')a~(Q')(1 —z) "

bs ( 2)
=a'„(Q')(1—z) "

Fsz„(z,Q, ) =R (Q, )ag (Q, )(1—z )
"

2 b~(Q')—=as„(Q,')(1—z) " (4.4)

&F; (g')&, =&F; (g')&, ,

&F;, (g')&, —= &F;„(g')&, ,
(4.5)

and the following inequalities will be satisfied for Q )(M:

&F:~%(~)(g')&2 o&:i&(~)«')&3 . (4.6)

As a result, we acquire

R, (Q )=1—k (Q )(A' —1)

F~(x, g ) a'„(Q ) &F,'zx(Q»3
~-OF~(x, g ) a~(Q ) &F,'~„(Q )&g

R, (Q )=1—k (Q )(A' —1)

(4.7)

F'(,Q ) a„'(Q ) &F') (Q )&.-OF (,g,') a'(g,') &F;,„(g,')&,
'

F;)~(z,g,')=R, (Q, )a~(g,')(I —z) "

b'(Q )—:a„'(Q, )(1—z) "

Here the shadowing eft'ect reflects on a'„(Q2) &a~(Q2)
and as„(Q, ) & ag (Q, ) as well as a „' (Q, ) & a~(Q, ). One of
the characteristics of the CQM without the shadowing
improvement is that the distortion of the constituent
quark distributions immersing in the nuclear environ-
ment does not change the average momenta of all the
parton components. Although the antishadowing
strength is affected by the momentum transferrence from
the sea quarks to the gluons in the shadowing process,
the momenta transferred are only a much smaller part of
the total momenta carried originally by the ocean quarks
and, in general, it is estimated to be -4%%uo if Q =50
(GeV/c) . If the momentum loss owing to the recom-
bination process of the shadowed ocean quarks is negligi-
ble, the momenta carried by each parton component
would be conserved separately and approximately,

F~)~(z, Q, ) =a/ (Q, )(1—z) b~~(Q, )

F,')~(z, Q,') =a~(g,')(1—z )

(4.3)

as„(Q,') &Fg~~(Q,') &3.y(g, )
=

&Fg„(g,')&,

R (Q,')=1—ks(Q,')(&' ' —1)

F~s(x, Q, )= lim~-0 Fg(x, Q,')

(4.8)

where the subscripts s and g are corresponding to the sea
quark distribution and the gluon one, respectively.
Moreover, the shape of formula (4.3) would evidently be
changed by the parton recombination. In analogy to for-
mulas (3.1) and (3.3), the nuclear parton distribution
effect of the nuclear shadowing effect could be written as

(4.9)

Suppose that R, (Q, )=ARs(Q, ) with A, & 1. This implies
that the primitive shadowing for the gluon distribution is
weaker than that for the ocean distribution. %e acquire
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(F,' (Q, )& K (Q )+(F, (Q, )& & (Q )+(F,' (Q )& & (Q )

(F; „(Q,')&,&,' (Q')+(F, (Q,')& &,' (Q )+~F," (Q )&A (Q )

(F;, (Q,') &,Ic,', (Q')+(F&,„(Q,') &,&,', (Q')+ &F;, (Q') &3&' (Q )

(F;~ (Q,'&,K,', (Q')+A, (F,'i~(Q,') &,K,' (Q')+R, (Q,')(F;& (Q, ) & K (Q )
(4.10)

It turns out that the evolution of R, (Q ) with Q de-
pended on A, and Q, . Moreover, R ( Q ) is larger than
that of the sea quarks (A, ( 1). In this case, the shadowing
strength k, (Q ) would be correspondingly degraded with

Q increasing. The magnitude in its change also depends
on Q, . As a matter of fact, the QCD evolution of the
parton distribution depends entirely on

L =ln(Q /A )/ln(Q, /A ) .

The smaller Q, is, the larger the quantity L taken by the
same value of Q becomes. For lack of the information
about the primitive parton distributions in the nuclear
medium and about the nonperturbative dynamics for the
recombination process, we are unable to determine the
values of A, and Q, theoretically. However, it is plausible
to extract their values from the Atting of the E772 data.
Then the k, value at low Q determined by the QCD evo-
lution process is compared with the data measured by the
EM Collaboration and the others. To this end, some
sets of values of A, and Q, are chosen to calculate formula
(4.10). Their results are plotted in Fig. 3 with

k, (Q, )=0.1 and k (Q, )=0.05, in which Q, =10
(GeV/c ), Q, =4 (GeV/c ), and Q, = 1 are shown by the
solid line, the broken one, and the dotted-broken one, re-
spectively. In comparison with the E772 experiment, it is
found that

k, (Q =50 (GeV/c) )=0.06

is an appropriate choice. It corresponds to Q, —1

GeV/c) . This implies that it is unnecessary to modify
the Altarelli-Parisi equations by adding the nonlinear
term within the available range of Q for the present ex-
periments. This conclusion differs from Ref. 17.

Taking formula (3.5) into account, formula (4.10) can
be calculated by the CQM and its result is shown by the
solid line with

k, (Q —50 (GeV/c )=0.06

in Fig. 2, which is also consistent with the E772 data.
Since the QCD evolution equations under the LLA is

unsuitable for the case of low Q, the change of the
strength k, only for Q ) 10 (GeV/c ) is shown in Fig. 3.
But we could estimate that the variations from
k, (Q, )=0.1 to

k, (Q =10 (GeV/c) )=0.07

are smoothly connected to each other. This indicates the
evident weakening of the strength k, (Q ) in the region

1 (GeV/c ) (Q ( 10 (GeV/c )2 .

As Q is continuously increased from Q =10 (GeV/c),

O.IO-

0.08—

0.0~ — ~-
I I

20 40 60 80
2

(jf (GeV/c)

FIG. 3. The Q' dependence of shadowing strength k, (Q').
k, (Q, )=0.1 and kg(Q, )=0.05 are taken here. The solid and

broken lines, as well as the dotted-broken one represent Q, = 10,
4, and 1 (GeV/c ), respectively.

I

the strength k, (Q ) slowly tends to its limit value ks(Q, ).
In order to judge whether the behavior about the evident
weakening of k, (Q ) at the scale of low Q contradicts
the existing DIS data, we use the approach mentioned
above to evaluate the DIS ratio of the structure functions
once again. Its calculations on a calcium target are plot-
ted in Fig. 4, where the solid line and the broken one, as
well as the dashed one, represent Q, =1, 10, and 40
(GeV/c ), respectively. As shown by Fig. 4, there exists
the scaling violation in the low-x region (x (0.01) and
the antishadowing region (x-0.15). The DIS data at
different Q values measured by the EM Collaboration
are plotted in Fig. 4 where a lack of the DIS data at high

Q for x (0.1 is truly a pity. Here we illustrate the scal-
ing violation in the DIS ratio within the antishadowing
region (x -0.15) in Fig. 5 with the data taken from the
Benvenuti et al. Collaboration. ' What we stress here is
that the scaling violation in the shadowing expected by
our approach is consistent with the avalible DIS experi-
mental data. Of course, the further observation about the
nuclear DIS process at different Q for x (0.01 or
x -0.15 will be helpful to test our theory.

Since the shadowing strength k, (Q ) in the shadowing
formula (3.3) exerts influence on the ocean distribution in
the form of [I—k, (Q )( 2 '~ —I)], it may be expected
that the scaling violation due to the change of k, (Q ) is
revealed by heavy nuclei more remarkably.

V. CONCLUSION

In a simple form, the CQM for nuclei offers a physical
picture of the distortion for nucleon structure function
entering the nuc1ear surrounding. This model sheds li.ght
on some useful ideas such as the nuclear medium affects
the distribution of the constituent quarks in a bound nu-
cleon rather than the structure functions of the constitu-
ent quarks. The momentum conservation of each parton
component remains approximately valid in the nuclear
medium. In particular, it is emphasized as the universali-
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FIG. 4. The model prediction of the scaling violation in the
nuclear shadowing for the DIS on a calcium target. The solid
line and the broken one, as well as the dotted one, correspond to
Q2=1, 10, and 40 (GeV/c), respectively. The data marked by
the black circle, the white circle, the white triangle, and the
black triangle represent Q'-1, 10, 20, and 40 (GeV/c), respec-
tively. The vertical axis is the ratio R»s of the structure func-
tions with R»s =F2(Ca)/F2(D).
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FIG. 5. The model prediction of the scaling violation in the
nuclear antishadowing for the DIS on an iron target. The verti-
cal axis represents the ratio R»s of the structure function with
x=0.15. The data came from Ref. 21.

ty of the constituent quarks. The implication behind the
universality is that it never has any striking enhancement
in nuclear wee partons at low x. Such behavior of nu-
clear quark-antiquark pairs in the CQM provides a good
background for both the DIS data and the DY data.

Within the framework of the CQM for nuclei, the Q
dependence of the partonic shadowing process is careful-
ly analyzed. The shadowing strength k, for the nuclear
ocean extracted from the E772 data has much to do with
the Q dependence. These variation rule can be ex-
plained by the Altarelli-Parisi evolution equations.
Moreover, it does not contradict the existing EMC,
SLAC, and Benvenuti et al. data.

The CQM incorporated with the improved partonic
shadowing mechanism gives the following distortion pic-
ture of the quark momentum distribution immersing in
the nuclear environment: Parts of the momenta carried
by the ocean are transferred into themselves from the

shadowing region (x &0.1) to the antishadowing region
(x -0.15). In the meantime, a much smaller part of the
total momenta carried by the ocean is transferred into the
gluons. Another point we would like to make is that the
distortion of the valence quarks is dominated by their
momentum transference from the intermediate x region
to themselves either at low x (x & 0.3) or at high (x )0.7).

Because of the depression of the shadowing strength as
well as the enhancement of the momentum loss of the
ocean quarks in the DY process at high Q observed by
the E772 Collaboration, the phenomenon of the quark
enhancement in the antishadowing region (0. 1 & x &0.3)
nearly disappears.

It could be expected that (i) A more evident scaling
violation either in the shadowing region (x &0.01) or in
the antishadowing region (x -0.15) would be observed if
the Q of the DIS probe on heavy nuclear targets changes
from 1 (GeV/c ) to about 10 (GeV/c ), (ii) a stronger an-
tishadowing effect would be observed if the dilepton mass
produced by the nuclear DY process becomes smaller,
and (iii) the shadowing of the gluons is weaker than that
of the ocean quarks.

In summary, the high-mass dilepton production on nu-
clear targets observed by the E772 Collaboration is ana-
lyzed by the constituent quark model. It shows that the
CQM, even without the shadowing improvement, agrees
better with the existing data not only in the DIS process
but also in the DY process. Further, the QCD improve-
ment for the partonic shadowing model is made. It is
found that both the Q dependence of the shadowing
strength and the momentum loss due to the annihilation
of the shadowed ocean quarks evidently depress the dis-
tributions of nuclear ocean components in the antisha-
dowing region.

We would like to acknowledge support in part for this
research from the China National Science Foundation.

P" =2C„ 1

12
+ 1/n(n —1)

+1/(n+ 1)(n+2)—+1/j —f /3 .

APPENDIX

The quantities of Eqs. (3.6) and (3.7) are (see Ref. 18)

E" (Q )=a„L " +(1—a„)L

lt~g(Q')=P„(L " —L " ),
—a+ n

EN, (Q )=[a„L " +(1—a„)L " L], —
L =ln(Q /A )/In(Q, /A ),
a„—= (P~q P~~ +5 ) /2P—

g

[(pn pn )2+4pn pit ]I/2
w w

1 n

P" =CF ——+ 1/n ( n + 1 ) —2+ 1/j
2

2fP" =f(2+n+n')/n(n +1)(n +2),
P" =Cz(2+n+n )/n(n —1),
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