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We discuss and extend our previous predictions of dilepton depletion at small target parton momen-
tum fraction in proton-nucleus collisons. These predictions were based on an analysis of the partonic
origin of the European Muon Collaboration effect in deep-inelastic scattering (DIS) in a treatment of nu-
clei allowing multiquark clusters to be formed. With this input, we calculate the ratio of dimuons pro-
duced on nuclei to those produced on free nucleons. We obtain excellent agreement with data from a re-
cent experiment, emphasizing that all input information came from our previous DIS analysis. Our cal-
culations predict that beyond the range of presently measured data, there will be considerable depen-
dence on the momentum carried by the annihilating parton in the incident proton.

I. INTRODUCTION

Experiments by the European Muon Collaboration
(EMC) have shown that quarks in nuclei behave
differently from those in free nucleons [1]; and, this effect
has been corroborated by a number of experiments with
both electron and muon beams [2]. A dominant feature
of these data is a pronounced reduction in the value of
F3(x), the deep-inelastic structure function per nucleon
measured on a nucleus ( 4), at small momentum fraction
x <0.1, relative to the corresponding quantity measured
on deuterium (D), F?(x). Except for x >0.7, which is
beyond the range we discuss here, FD(x) very nearly
behaves like and is often assumed to be 2F,(x) for two
free nucleons. The ratio of these two quantities,
F3(x)/FP(x), will be abbreviated R,(4/D), with the
subscript designating the virtual photon that couples to
the charge of the quark (g). Data on different A4 targets
show that Ry( A /D)< 1 for x 50.1, reaches a maximum
with R, (A4/D)=1 near x =0.15, attains another pro-
nounced reduction below unity near x =0.6, and finally
rises so that R, >>1 as x — 1. It was shown [3] that par-
ton effects resulting from clustering of nucleons to form
color-singlet Ngq structures (N =6,9,...) gave contribu-
tions at all values of x very much like the observed devia-
tions of R, (4/D) from unity. This approach [3] contin-
ued from earlier works [4] but used data on N =2 and
N =3 quark systems (mesons and nucleons) to deduce a
plausible motivation for the properties of the N =6 sys-
tem. This led to predictions for the value and slope of R,
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at x =0. In this paper we will further study the predic-
tions that are implied by the phenomenological parton
distributions of Ref. [3]; and, we argue that since the
small-x behavior of R, is of partonic origin in this
description our choice of parton distribution functions
necessarily implies a small-x depletion of Drell-Yan pairs
produced on nuclear targets.

It appears that many effects contribute to these
differences between bound and free nucleons and it is im-
portant to understand them all because nuclear target
data give us much of the input from which the nucleon
structure functions are determined. Here, we study the
contributions from multiquark [3] clusters to the
differences between free and bound electrons, but first we
discuss other contributions to develop a feeling for how
they are related to one another. (i) Fermi motion is well
studied but still raises questions. The Fourier transform
of the wave function for a nucleon in the nucleus deter-
mines the momentum distribution of the nucleon in a
bound state, in turn distorting the collision kinematics
from that with the nucleon at rest [5]. This produces a
rapid rise in the ratio R, (A4/D) at large x because the
distributions in the denominator of this ratio become
small compared to those in the numerator as x —1. (ii)
Multiquark cluster probabilities can be calculated as the
overlap of one nucleon with others [6], and the behavior
of a particular quark or gluon in such an enlarged quark
system (cluster) will necessarily be different than it isin a
single nucleon. (iii) Since pions are exchanged between
nucleons, the deep-inelastic process will occasionally
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probe pions and consequently produce a distortion which
must likewise be taken into account [7]. (iv) The bound-
state character of the probed nucleon in the nucleus leads
to a rescaling of the definition of the parton momentum
fraction distribution. Numerous earlier studies of this
specific contribution are discussed in Ref. [8] with the
conclusion reached that “‘the nuclear binding and the nu-
cleon Fermi motion in the convolution model of nucleons
cannot explain the EMC effect.” (v) Overlapping of the
parton wave functions in adjacent nucleons can occur
when the partons have very small-x values [9]. If we
were to introduce an x dependence for cluster formation
adjusted so the probability of forming a cluster decreases
as a parton’s momentum fraction becomes very large, the
features of the small-x results of Ref. [9] could be accu-
rately reproduced. (vi) Hypothetical Q? rescaling effects
for a bound nucleon may also contribute in certain kine-
matic regions [10]. (vii) It has been argued that nucleon
correlations contribute to the EMC effect [11]. We be-
lieve that there is overlap between cluster effects and
correlations as both address phenomena at small baryon-
ic separation distances. In fact, most of the above effects
are not mutually exclusive, e.g., in an extended version of
the quark-cluster model, an expansion of nuclear observ-
ables in terms of a complete set of three-quark (3gq), (69),
(9q), (12¢g), etc., states may be able to account for all the
data.

It would be surprising if any one of the above effects
alone accounted for the structure of R, (4/D) especially
since some of them have a dominant contribution in a
specific kinematic regime. It is consequently important
to understand all these effects and to appreciate where
the physics is overlapping. It is difficult to separate these
different effects; but, because of our success in treating
DIS at all x [3], we assume here they can be represented
adequately within our choice of cluster parametrization.
Therefore, we will emphasize multiquark clusters, since
from the viewpoint of the (Ng)-state expansion many of
the studied effects [S—11] will be included, at least par-
tially. As further support, it has been shown that effects
in backward production of protons and pions in neutrino
reactions which had been attributed to nucleonic correla-
tions can be understood logically as the by-products of
multiquark fragmentation [12].

Our treatment of multiquark clusters will follow the
approach in Ref. [3] where deviations of R, (A/D) from
unity were shown to result from differences in the regions
of z in which valence V(z) or ocean O(z) quarks in N-
quark clusters make their contributions. We denote by z
the scaled momentum fraction, e.g., z =x for the 3¢ nu-
cleon and z =x /2 for a 6q two-nucleon color-singlet clus-
ter since a given quark can have a maximum value x =2.
For a generic N-quark cluster we write [3]

On(z)=Ay(1—2)"" |
Vylz2)=ByVz (1—2)"" , (1)
Gy(z2)=Cy(1—2)V ,

for the ocean, valence, and gluon distributions, respec-
tively. The six parameters in Eq. (1) were determined
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from normalization to N valence quarks, momentum con-
servation constraints, and by examining data for N =2
(pion) and N =3 (nucleon) clusters to suggest a plausible
ratio for the momentum in the ocean to that in valence
quarks, independent of N. With the physically reason-
able requirement that ay > by, it is logical to take a4 to
be approximately in the range 11-13. This led to a satis-
factory representation of the data [1,2] for the ratio
R, (A/D), which were characterized by the three param-
eter sets

A=A4(3,9,9,11),
B=B(3,9,10,11), (2a)
Cc=C(3,9,10,13) ,

where the quantities in parentheses signify b3,a;,b¢ aq,
respectively. In the calculations to be presented we shall
generalize b;, the generic exponent of (1—z) for the nu-
cleon valence quarks, to be by, =3 for the u quark and
bs,=4 for the d quark. This has no effect on the analysis
in Ref. [3], and little effect on the present work. Thus,
the content of Eq. (2a) is best rewritten

A=A4([3,4],9,9,11),

B =B([3,4],9,10,11) , (2b)
C=C([3,4],9,10,13),
where the numbers in  parentheses  signify

[b3,,b34),a3,b¢,a¢. The gluon functions will not be re-
quired in the present work. Each of these three sets of
values (4, B, C) led to values or R (4 /D) at x ~0 which
were less than unity. In numerical evaluations these
three sets of parameters are specified as ( 4,B,C). Curves
for case 4 will not be presented here because its predic-
tions for the Drell-Yan (DY) ratios are very similar to
those for case B.

II. THE DRELL-YAN EFFECT FOR
PROTONS ON NUCLEI

It has been pointed out that the Drell-Yan process can
be a good source of information on quark and antiquark
structure functions in nuclei [13,14]. For our purposes, it
is clear that if nucleons in nuclei form quark clusters,
there should be evidence of them in ¢g annihilation to
lepton pairs in hadron-nucleus collisions. The authors of
Ref. [13] have already noted this, and their calculations
used the parton distributions of Carlson and Havens [4]
which resulted in considerable enhancement near x =0.
We are, in this paper, effectively updating Ref. [13] with
the more recent input provided by Ref. [3]. This input is
such as to cause a depletion at low x in the EMC experi-
ments. This depletion (sometimes referred to as ‘sha-
dowing”’) results from the interplay between nucleon and
cluster contributions in the nucleus.

The notation we use is standard [13], and we will give
the translation to the notation introduced in the recent
paper from the Fermilab experiment E772 [15]. We take
x; (xp in Ref. [15]) as the momentum fraction of the pro-
jectile (proton) that is carried by the annihilating quark
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(antiquark) and x, (x, in Ref. [15]) as the momentum
fraction carried by the antiquark (quark) that was annihi-
lated in the target. The annihilation produces a photon
of four-momentum squared, Q2, equal to the mass
squared, M2, of the lepton pair into which the photon de-
cayed. We write the double-differential cross section in
these variables as a sum over all quark flavors a in the
projectile

d%o

_do  _ 47ra?
dx,dx,

IM?

S e2F,(x,x,) , (3)

where e, is the charge in units of proton charge, « is the
fine-structure constant

Fo(x1,%2)=qJ(x1)q 4 (x,)+q;(x1)g}(x,) . 4

The quark [antiquark] distributions in the incident pro-
ton (P) or in the target (¢) for parton a are gF ° “(x, ., ,)
[@F " “x, o; ,)]. With the transverse momentum of the
lepton pair also neglected [15] the product, x;x,
=M?/s =7, where s is the hadron-hadron center-of-
momentum frame energy squared. We have xp=x, —x,
as the fraction of the maximum possible momentum for
the dilepton pair. For fixed x,;, we form the ratio of the
Drell-Yan cross section per nucleon for target A4 divided
by the corresponding quantity on target D and plot this
ratio, Rpy( A/D) as a function of x, to compare with ex-
periment. In this ratio the Q2 dependence from QCD
predominantly cancels. In the target (A or D), the an-
nihilating parton can be in a nucleon or a larger quark
cluster. This probability for finding the neutron and pro-
ton overlapping to form a 6q cluster in the deuteron will
be taken as 4% [6]. We comment in the next section on
the sensitivity to a 6q cluster in the deuteron.

III. LEPTON PAIRS FROM PROTONS ON
NUCLEI IN E772

A. Curves for Rpy( A4 /D)

The calculations we shall present are relevant for the
discussion of the results of Fermilab experiment E772
[15] which detected lepton pairs produced by proton
beams incident on various nuclear targets: carbon, calci-
um, iron, and tungsten. The results have been presented
as a ratio relative to the corresponding yield from deute-
rons. Some of our calculations showing a depletion in
dilepton production at small x were presented previously
and brief reports were published in various Conference
Proceedings [16—18]. We have indicated that any parton
structure function approach which gives small-x shadow-
ing in deep-inelastic scattering (DIS) necessarily gives
shadowing in the Drell-Yan process also. Our results ap-
peared to be in conflict with preliminary results from
E772 [19] but are in close agreement with the final experi-
mental results as we show here. For the DY processes, at
very large x; we find that the value of Rpy(A/D;
x,=0)=R,(4/D; x =0) for the cluster contribution
only; the other effects mentioned in Sec. I (e.g., pions) will
modify this somewhat. In our present calculations we do
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not assume x; is large but sum over all partons in the
projectile that might contribute. Because this sum will
not factor the same way in the numerator and denomina-
tor for DY, these two ratios will be approximately equal
rather than exactly equal.

In Figs. 1-4, we show the Drell-Yan ratios for specific
x, values calculated from Eqgs. (1)-(4) and compared with
the data [15] for A =C, Ca, Fe, and W, respectively. The
dotted-dashed line on Fig. 3 was calculated and presented
by the E772 experimenters as the prediction of the cluster
model based on their assumptions for parton distributions
within clusters.

B. Interpretation of curves for different x

The problem of interpretation of curves calculated for
different x,; values is the same for each target. We begin
with Rpy(C/D) vs x, curves in Fig. 1 and apply the same
analyses of curves to the other targets. Carbon consists
of 6 neutrons and 6 protons and we take the probability
of cluster formation to be f=0.1 [6]. The behavior of
Rpy(C/D), like any of the Rpy( A/D), is such that for
x,>0.1-0.2, the value of Ry increases as x, increases.
From the information available in Ref. [15], it appears
certain that the value of x,=0.4 is large compared to
most of the E772 data. Therefore, a number of curves for
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FIG. 1. Data [15] compared with theoretical curves for

Rpy(C/D) vs x, calculated for cases defined in Egs. (1) and (2)
with B given by the dashed lines and C given by the solid lines
for the values of x; as given on the curves. Curves for case 4
are the same as those for B for values of x, <0.4 and differ very
little from B for larger x,. In the text we refer to the dashed
curves as B(x;=0.1) and B(x;=0.4), with the solid curves be-
ing C(x;=0.3) and C(x,=0.4). The curve labeled x,=0.3
may be interpreted as a single representation of the theory for
comparison with the data in this and subsequent plots for
reasons discussed in the text.
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FIG. 2. Data [15] compared with cluster predictions of
Rpy(Ca/D) vs x, for case C with x, =0.05, 0.2, 0.3, 0.4. Curves
for the other two cases in Eq. (2) will give an equally good
description of this data.

cases B and C for several different x; <0.4 are shown
compared with this data. Our presentation neglects the
appropriate weighting of x, results for each x, bin be-
cause it is difficult to deduce the experimental weighting
from Ref. [15]. Fortunately, the theory curves are very
insensitive to the values for x; <0.4 in the range where
precision data exists. An excellent representation of the
data will follow regardless of how the data are distributed
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FIG. 3. Data [15] compared with cluster predictions of
Rpy(Fe/D) vs x, for case C with x; =0.05, 0.2, 0.3, 0.4 (solid
lines). The high dotted-dashed curve represents our sketch of
the “quark cluster” curve given in Ref. [15].

FIG. 4. Data [15] compared with cluster predictions of
Ry (W/D) vs x, for case C (solid lines) with x, =0.05, 0.2, 0.3,
0.4 and for case B (dashed lines) with x; =0.05, 0.3.

in x,. The curves clearly predict depletion of dilepton
pairs at small x,, an effect confirmed at roughly the 2-
standard deviation level by the two smallest-x, data
points in Fig. 1. We show one curve explicitly for
x,=0.3 because, as discussed below, this value can be in-
terpreted as possibly being an effective average. This
curve C(x,=0.3) is more than adequate to represent the
data. However, we emphasize again that whatever the
correct weighting factor for doing an integration on x,
from 0.05 to 0.4 or larger, the data will be well described
by quark clusters in the nucleus as illustrated in Fig. 1.
We leave open the possibility that the additional effects
discussed in Sec. I which might not overlap much with
the cluster expansion can be included and yet have the
same or better agreement with these data.

At this point, it is useful to comment on the experi-
mental dilepton mass distribution. Reference [15] shows
do /dM falling by 2 orders of magnitude between M =4
and 9 GeV. If one normalizes to the cross section at any
M value in this range, then the well-known 1/M 3 scaling
dependence multiplied by Inln(Q2/Q3) with Q3 =4 GeV*
gives a good representation of this nonresonant region
data. Therefore, any theoretical description of this
Drell-Yan process which is calculated from a QCD-based
interaction or parametrization of parton structure func-
tions will be consistent with the do /dM vs M depen-
dence of the dilepton pairs. In particular, quarks and
gluons in nucleons or 6g clusters in nuclei will likewise
lead to this relative mass variation.

We have examined a number of different approaches to
the x, distribution in the data which give results con-
sistent with each other. First, using only Ref. [15], with
x;=M?/(x,s) and the experimental [15] range on x,
(0.04 < x, <0.27, see Fig. 1) for a given M value we calcu-
late the range of x, values, e.g.,, for M =4 GeV,
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0.04 =x, =0.26. Since the cross section is the largest at
M =4, this range of x; receives the most weight in an
averaging process based on do /dM; larger M will extend
to larger x,;. With this interpretation, the curves for
x,=0.3 lie beyond the more important range of data and
will be given in Figs. 1-4 to illustrate the upper end of
the range of important variations. Another reason for
emphasizing our calculations for x, =0.3 is the fact that
when we find the do /dM weighted-mass average based
on the cross-section curves in Ref. [15], this average mass
corresponds to an average x; of {x,)=0.3.

According to Ref. [15], the x, range of the data is
—0.03 <xp<0.6, which should in principle, give some
information relevant to {x,). If we interpret this as
Xp=Xx,—X,, then x; and x, will not vary symmetric-
ally about V'M?/s but will have x, >V M?/s >x,, ex-
cept in the small experimental data range —0.03 <xj <O.
The most precise data at small x, therefore can be seen to
correspond to relatively small x, and we reach more or
less the same conclusion as above.

Additional information on the variables appropriate to
the data is available [19]. In the presentation of Ref. [19],
a scatterplot of events from E772 showing x, versus x;
for the high-mass setting and for the low-mass setting of
the apparatus was presented. For the former setting,
(x,) is close to 0.3, or conservatively between 0.3 and
0.35, while for the low-mass setting {x, ) ~0.25. Unfor-
tunately, the data for the high-mass setting comprise only
6% of the total data sample. The conclusion again is that
the analysis we present will give an unbiased comparison
with the data. For each of Figs. 1-4, the proper theoreti-
cal curve to compare with each data set is a weighted
average of contributions from x; bin values between
~0.04 and 0.5. Given the limited variation of these
curves in the x, range of the data one can see that a com-
pletely adequate representation of the data will follow for
any case in Eq. (2). In the comparison of case B with the
carbon target data in Fig. 1, we should average over a set
of dashed curves between the lower [B (x; =0.04) is very
close to the plotted B(x;=0.1) curve] and upper dashed
curves. The same conclusion is reached for case C for
which only curves C(x;=0.3,0.4) are shown, with the
appropriate lowest solid curve being close to the lower
dashed curve. In view of this discussion, it is seen that a
curve with x; =0.3 serves as a reasonable curve on which
to base comparisons between our model and the E772
data.

Yet another evaluation of what should be the correct
weighting is obtained from the average masses given in
Ref. [19] for each of the three ranges of E772 data. We
conclude from some estimates we have made that nothing
new can be added to the above analysis.

C. Comparison with data for heavier mass targets

Figures 2-4 show our theoretical curves for
Rpy(A/D) versus x, for A =Ca, Fe, W for several x,
values compared with data. As A4 increases, [, increases
and the depletion of events relative to D becomes more
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marked. The precise values for f, cannot be predicted
well; the values we used [6,13] are f, =0.14, f. =0.18,
Sw=0.22. There are strong indications that these proba-
bilities should be larger for heavier nuclei as the calcula-
tions of Ref. [6] show that probabilities for the existence
of 9g, 124, etc., clusters grow with 4. We are including
the effects of these larger clusters in some approximate
way. The dilepton pair ratio for the calcium target data
is shown in Fig. 2, for x,=0.05, 0.2, 0.3, 0.4 for case C
[the other two cases in Eq. (2) give similar results]. From
the previous subsection we note that the curve labeled as
x,=0.3 can be interpreted as the theory representation
to be compared with the data. However, if we are to
average these curves together with a weight function that
falls rapidly to zero as x; increases beyond 0.3, an equally
acceptable description of the data results. The effect of
the fp =0.04 cluster fraction in the deuteron can be not-
ed on Rpy(Ca/D) for (x,=0.3,x,=0): The plotted
value of 0.975 decreases to 0.965 when f, —0. Thus, our
consistent treatment of the deuteron with a 6q cluster in-
cluded is not a major effect in our data analysis.

The comparison of the solid theory curves in Fig. 3
with data for Rpy(Fe/D) versus x, proceeds exactly as
the discussion for Fig. 2. An additional dotted-dashed
curve is presented from Ref. [15] where the authors
represent this curve as the prediction of the quark-cluster
model [4] based without specifying how x, is treated.
The parton distributions of Ref. [4] were based on crude
assumptions and those early applications did not provide
a strong test of the ocean and gluon distributions. Clear-
ly, our curves which are based on a quark-cluster model,
but with parton distributions determined by a more sys-
tematic approach to the hadron target data, disagree
markedly with the dotted-dashed curve.

We note a very slow trend for the theory curves to
show greater depletion or shadowing as x, increases.
Conversely, for x,>0.1, there is a slow increase of
Ry (Fe/D) in the range of data as x; increases and this
increase becomes dramatic beyond the range of data, a
prediction of the cluster model.

The final data comparison, for tungsten Rpy(W/D)
versus x,, is shown in Fig. 4. The curves for case C,
C(x,=0.05), C(x,=0.2), C(x,=0.3), and C(x;=0.4),
are shown as the solid lines. Two dashed curves for case
B are also shown to illustrate the approximate spread of
the theoretical error bands following from the small
changes in the 6g cluster structure functions implied by
the differences in the three cases given in Eq. (2). It is
clear that a fairly good representation of the data results.
We further note that if the probability of 6q clusters in
tungsten is increased from fy =0.22 to fw=0.3, as
could be appropriate for a heavy nucleus [4], the value of
Ry at x,=0 decreases from 0.935 to 0.905 for case B,
the dashed lines. Thus, the lowest x, point on Fig. 4
would be very well described without changing the com-
parison with the other data. In the framework of the
cluster expansion this could amount to allowing
enhanced shadowing of the type discussed by Qiu [9] to
exist between soft partons in a cluster and partons in ad-
jacent nucleons or clusters.
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FIG. 5. Data [15] for Rpy(Fe/D) vs x, compared with
curves for case C([3,4],a3,10,13) for x;=0.3 to illustrate the
effect of changing the power a; of the nucleon ocean distribu-
tion, a; =38,9,10 as indicated on the appropriate curve.

D. Varying the nucleon sea

We have pointed out that one can naively use the ratio
Ry /(A/D) versus x, for x;=0.3 to compare directly
with the data. Figure 5 illustrates the sensitivity of
Rpy(Fe/D) at x;=0.3 to changes in the power a; in

(1—2)* of the ocean quarks in the nucleon as defined in
Eq. (1). The three curves, labeled by the value of a; =8,
9, 10 in Fig. 5, are different only because a; changes, be-
ing calculated for case C([3,4],a5,10,13), with the frac-
tion of clusters for iron, fg,=0.18. For the curves in
Fig. 5, the normalization of each ocean distribution is ap-
propriately taken into account [3].

The comparison shown in Fig. 5 illustrates the inter-
play between nucleon sea and cluster contributions, as
without clusters all curves would be flat (1.0). Conse-
quently, the differences between them, especially at small
Xx,, argue for the need to determine the ocean distribu-
tions from data with isolated nucleon targets. To try to
deduce the nucleon sea or ocean behavior at small
momentum fraction from data while neglecting this inter-
play of cluster and nucleon contributions will likely lead
to incorrect results. To elaborate, a typical sophisticated
nucleon structure function parametrization has smaller
and larger powers of x for the nucleon sea, perhaps
(1—2z)"°" 8 plus a term with (1—2z)1°°" !, The fitting of
data such as that shown in Fig. 5 to get at the nucleon sea
necessarily requires removal of the quark-cluster effects
before any reliable parametrization will be possible.

IV. CONCLUSION AND DISCUSSION

The curves in Figs. 1-4 all illustrate consequences of
the existence of quark clusters in nuclei. As x, increases,
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the value of the ratio Rpy(A4/D) decreases slightly at
x, =0 and increases considerably at larger x, >0.2. This
strong x; dependence seems to be an untested prediction
of the quark-cluster model. The data [15] are not
sufficiently precise to study such an effect in any detail.
Performing an experiment with enough statistics to allow
bins in x; to be plotted would increase our knowledge
about the behavior of quarks in nuclei. With quark clus-
ters forming in nuclei, it is clear that the major part of
the increase in shadowing near x =0 is explained by the
increase in the number of possible quark clusters as the
nucleon number increases. The values used, [6,13]
fc=0.1, fc,=0.14, fg.=0.18, fw =0.22, were based
on estimates of the overlap between nucleons from extra-
polations in A4, and have perhaps a 25% error in them.
This produces a 0.03 change in the value of Ry at x, =0
for the heavy nuclei. This uncertainty in f, might be
large enough that for a heavy nucleus like W, fy =0.3 is
possible (Sec. III). This uncertainty reflects our approxi-
mate treatment of clusters of 9, 12, etc., quarks in such a
nucleus. Another source of deviation in the theory value
comes from the intrinsic uncertainties in deducing the
structure functions and the resulting feedback in getting
the cluster distributions accurately. From Fig 5 we
would expect this to have a smaller effect than the 0.03
change following from the uncertainty in f, so perhaps
the total theory error band on our Rpy curves might be
such as to be 0.04-0.05 wide throughout most of the x,
range of the data on the figures. We note that this 0.04
uncertainty in Rpy is small compared with the
differences between our theory curves and the dotted-
dashed curve in Fig. 3. We believe our curves are much
more representative of the quark-cluster model predic-
tions.

In conclusion, the comparison with Drell-Yan data and
the earlier comparison with DIS data supports the use of
the cluster model as a plausible phenomenological
description of the behavior of quarks in nuclei. In the
past, experimenters have usually treated the nucleus as a
collection of free nucleons when extracting structure
functions from nuclear target data. The cluster-model
approach provides a tool with which to remove nuclear
effects and get more reliable parton distributions. A pre-
diction of the model can be seen in the data comparisons,
there is considerable dependence on the momentum car-
ried by the annihilating parton in the projectile proton
beyond the range of existing E772 data.
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