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Abstract The energy loss of the quark in the nuclear matter can be well described by the nuclear dependence

in the high energy nuclear Drell-Yan process. In terms of the parametrization of the quark energy loss given

in the literature and the nuclear parton distribution extracted from the experimental data of the deep inelastic

scattering between lepton and nucleus only, the cross section ratios of lepton pair production in the nuclear

Drell-Yan process induced by a proton of 800GeV bombarding on various nuclear targets at E772-FNAL are

analyzed. It is shown that our results with the energy loss effect are in good agreement with the E772-FNAL

data. Therefore, in order to extract the parton distribution functions in nucleus from the experimental data

of the Drell-Yan process reliably, the energy loss effect should be taken into account.
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1 Introduction

In proton-proton collisions, the interactions be-
tween quarks and gluons that make up colliding

(1]

nucleons'” can be learned, parton distribution func-

tions in nucleon can be extracted from the reaction

data in relatively higher energiesm

, and new physi-
cal phenomena might be revealed via precise calcula-
tions of cross sections. In the proton-nucleus collision,
the parton distribution functions in nucleon would be
modified, and the evolution of the strong interaction

in space-time from early stages could be presented.
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Even in the nucleus-nucleus collision, the possible sig-
nal of the formation of the de-confined phase of QCD,

3]

the quark-gluon plasma™, may be explored.

In the Drell-Yan prosess[4], only initial-state inter-
actions are important, because the muon pair in the
final state does not interact strongly with the par-
tons in the nucleus. Thus, such a process can be an
ideal place to study the energy loss of fast quarks[5].
Although this process is closely related to the deep
inelastic scattering (DIS) of leptons, unlike DIS, it is
sensitive to the antiquark contribution in the target

parton distribution. When z < 0.08 in DIS, where x
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denotes the fraction of parton’s momentum, the cross
section per nucleon decreases with increasing nucleon
number A due to the shadowing effect!”. Such an
effect should also occur in the dimuon production in
the Drell-Yan process at small x5, where x, repre-
sents the momentum fraction of the target parton.
The theoretical calculation indicates that the shad-
owing effects in DIS and Drell-Yan processes have a
common originm.

In 1990, E772 Collaboration at Fermilab® pre-
cisely measured the nuclear dependence of the Drell-
Yan process by using an 800GeV proton beam. Muon
pairs off the targets 2H, C, Ca, Fe, and W, where the
mass range is 4GeV< M <9GeV and M >11GeV were
collected. In 2001, in terms of the global x? analysis
of the existing experimental data of nuclear struc-
ture functions except those in proton-nucleus Drell-
Yan processes, Hirai,Kumano and Miyama (HKM)[Q]
proposed two types of nuclear parton distributions in
which the weight function for nuclear effect was writ-
ten by employing the quadratic and cubic expansion
forms, respectively. The covered kinematic ranges
were 107° < z < 1 and 1GeV? < @Q? < 10°GeV?,
and the target nucleus involved the lightest nucleus,
deuteron, and some heavier ones. As a result, they
obtained reasonable fit to the measured F,. In
this work, the nuclear dependence of the cross sec-
tion ratios of the Drell-Yan process in the p-A col-
lision are phenomenologically studied by combining
the parametrization of quark energy loss proposed by
G.T.Garvey and J.C.Peng[w] with the HKM’s nuclear

parton distribution.

2 Nuclear Drell-Yan process

In the Drell-Yan process, the leading-order con-
tribution comes from the annihilation of quark and
antiquark into a lepton pair. For the quark of flavor

f, the annihilation cross section can be obtained by
1

including a color factor of 3 and a charge factor of e}

into the cross section of the ete™ — utu~ process

ds 8mar?
dM ~— 9M

etd(8—M?), (1)

where V3 = (x12,5)"/? is the energy of the center of
mass (CM) of the qq system, x;(z,) the momentum
fraction carried by the projectile (target)parton, /s
the CM energy of the hadronic system, and M the
invariant mass of the produced dimuon. The differen-
tial cross section of the hadronic Drell-Yan process is
then obtained from the above-mentioned cross section
of the partonic process with the quark distributions

in both the beam and target particles:

d?o 8ma? 1
=K — 2
Az, dM OM 2.5 zf:ef %

af (1)@ (22) +F (1) (22)] (2)

where K is the high-order QCD correction, a denotes
the fine-structure constant, the sum runs over the
light flavor f=u,d,s, and ¢***(z) and @Y (z) rep-
resent the quark and anti-quark distributions in the
proton (nucleon in the nucleus A), respectively. In or-
der to obtain the z; dependence of Drell-Yan process,

we calculate the differential cross section

do K 8o

dTh_ 9z, s

S |G et ) + @t @), (3)
f

where the integration is taken over the invariant
dimuon mass region according to the experimental
data.

As for the energy loss of fast quarks moving
through nucleus, a clear and simple model for the
energy loss of the fast quark in cold nucleus was
proposed by G.T.Garvey and J.C.Peng[w]. In their
model, the energy loss of the incident quark in a unit
length, «, in nuclear matter is assumed to be:

Az, = a%, (4)

P
where (L), is the average path length of the inci-
dent quark in nucleus A, E, denotes the energy of
the incident proton. The value of the average path
length is taken to be the conventional one, (L), =
3/4(1.2AY3)fm. If the energy loss of the quark in
nucleus is considered, the momentum fraction of the
quark would shift from x} = x; + Ax; to z; at the

point of fusion. Thus, the production cross section in
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the pA Drell-Yan process can be written as

do 80~ L [dM .,
dz, = K9x13 Zeij[Qf(xl)Qf (z2) +

a (z1)g; (x2)]- (5)

In order to compare with the experimental data
given by E772 Collaboration[g], we introduce the nu-
clear Drell-Yan ratio

doP~4r ;dgP—42

dl’l dl’l

(6)

RAl/A2 ($1) =
and the fitting error
Rdata - Rtheo ) 2
Xz :Z ( Al/(Az,eJrr ASQAN) : (7)

J A1/A2,5

where R, - (R, ;) indicates the experimental
data (theoretical values), and R%Y , . denotes the

systematic errors in the experiment.

3 Results and discussion

By employing HKM’s nuclear parton distribu-
tion functions!” together with the parton distribution
functions in proton given by Martin, Roberts, Stir-
ling and Thorne (MRST)™", the obtained y2 value
with a=0.0 (without energy loss effects) for totally
122 data points is about 207.7. The x? per degree of
freedom is x?/d.o.f. ~1.7. When a=0.9 (with energy
loss effects), the obtained x? per degree of freedom is
x?/d.o.f. =~ 1.4. The results obtained by employing
HKM’s quadratic expansion form in the nuclear par-
ton distribution are almost the same as those shown
above. The calculated Drell-Yan cross section ratios
as the function of x; for various M values with HKM’s
cubic expansion form in the nuclear parton distribu-
tion for C'//2H and W/?H are shown in Figs. 1 and 2,
respectively. The dotted curves represent the ratios
only with the nuclear effect on the parton distribution
used in DIS process, and the solid curves denote the
ratios with both the energy loss effect and the nuclear
effect on the structure functions. Compared with the
experimental data, our results are in good agreement
with the E772 data, if the energy loss effect of quarks
is considered.

In this work, the energy loss of the incident quark

is employed with a linear dependence on the factor

of A3,

quadratic dependence on the medium size™. In cur-

In addition, the quark energy loss has a

rent Fermilab proton energy, the nuclear Drell-Yan
process does not discriminate the two types. Fur-
ther experiments are needed about Drell-Yan reac-

tions with a lower energy incident proton off nuclei.
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Fig. 1. The nuclear Drell-Yan cross section ra-
tios Ra,/a,(71) for A1/A2=C/*H in various
values of M. The dotted curves correspond
to the nuclear effects on the structure func-
tion. Solid curves denote the case where both
the energy loss and the HKM’s cubic expan-
sion form in the nuclear parton distribution
are considered. The solid circles and corre-
sponding error bars are the E772 experimental
data taken from Ref. [9].
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Fig. 2. Same as that in Fig. 1, except for
Ai1/As=W/?H.

In summary, a leading-order analysis of the E772
data is performed by taking into account the energy
loss effect of fast quarks. By using the parameter-
ized nuclear parton distributions obtained in the case
without the nuclear Drell-Yan process and including
the energy loss effect, the calculated results are in
good agreement with the E772 data. Although the

abundant data of the electron and the muon deep
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inelastic scattering off nuclei are currently available,
valence quark distributions in the small = region and
anti-quark distributions are still difficult to be ex-
tracted, and only valence quark distributions in large
x region can relatively be well determined. In or-
der to calculate the cross sections of nuclear reactions
in high energies accurately and to find the signal of
quark-gluon plasma in high energy heavy-ion colli-
sions, one must have accurate nuclear parton distri-
butions. Apparently, due to the energy loss of quark,
its effect should be taken into account in extracting

nuclear parton distribution functions from the exper-

imental data of the Drell-Yan process. Moreover,
accurate neutrino scattering experiments should fur-
ther be used for measuring the structure functions
Fy(2,Q?%) and xF3(x,Q?). In terms of the average of
rFY(z,Q?) and xFY4(z,Q?), the distribution func-
tions of valence quarks can be well determined. Com-
bining inelastic scattering data of the lepton-nucleus
with the neutrino-nucleus processes, the distribution
functions of valence quark and anti-quark can be ob-
tained. It would enrich our knowledge of the energy
loss effect in the nuclear Drell-Yan process at high

energies.
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