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Abstract. The nuclear effects in the neutrino–nucleus charged-current inelastic scattering process is studied
by analyzing the CCFR and NuTeV data. The structure functions F2(x,Q

2) and xF3(x,Q
2) as well as dif-

ferential cross sections are calculated by using CTEQ parton distribution functions and the EKRS and HKN
nuclear parton distribution functions, and these are compared with the CCFR and NuTeV data. It is found
that the corrections of the nuclear effect to the differential cross section for the charged-current antineutrino
scattering on the nucleus are negligible, the EMC effect exists in the neutrino structure function F2(x,Q

2)
in the large x region, the shadowing and anti-shadowing effect occur in the distribution functions of valence
quarks in the small and medium x region, respectively. It is also found that shadowing effects on F2(x,Q

2)
in the small x region in the neutrino–nucleus and the charged-lepton–nucleus deep inelastic scattering pro-
cesses are different. It is clear that the neutrino–nucleus deep inelastic scattering data should further be
employed in restricting the nuclear parton distributions.

PACS. 13.15.+g; 24.85.+p; 25.30.-c

1 Introduction

In the past three decades, the quark and gluon distribu-
tions in hadrons and nuclei have been one of the most
active frontiers in nuclear physics and particle physics. The
nuclear parton distribution directly affects the interpreta-
tion of the data collected from the nuclear reactions at high
energies, for example the nucleus–nucleus and the proton–
nucleus interactions at RHIC [1] and LHC [2]. Consider-
ing the nuclear effect causing modifications on the parton
distribution function should be an essential step for under-
standing the suppression of J/ψ production which might
be a signal of the quark–gluon plasma (QGP) in the rela-
tivistic heavy ion collision. Precisely modified nuclear par-
ton distributions would especially be important in deter-
mining the electro-weak parameters, neutrino masses and
mixing angles in neutrino physics.
In 1982, the European Muon Collaboration (EMC) re-

ported that the measured ratio of nuclear structure func-
tions for heavy (iron) and light (deuteron) nuclei in the
processes of the deep inelastic scattering (DIS) of muons off
the nucleus [3] is significantly different from the theoretic-
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ally predicted value [4]. That was the first clear evidence
for the nuclear effect in the nuclear structure functions,
and it later was called the EMC effect. In fact, the EMC
effect states that, in the parton point of view, quark dis-
tributions in a bound nucleon are different from those in a
free nucleon. The discovery of the EMC effect triggered fur-
ther studies on the sizable nuclear effect through the DIS
of muons and electrons the off nucleus [5–8]. The abun-
dant charged-lepton DIS data showed that there are four
types of nuclear effects: the shadowing effect, the anti-
shadowing effect, the EMC effect and the Fermi motion
effect, appearing in the regions of x < 0.1, 0.1 < x < 0.3,
0.3 < x < 0.7 and x > 0.7, where x denotes the Bjorken
variable, respectively.
Like the charged-lepton DIS, deep inelastic neutrino

scattering is also an important process for investigat-
ing the structures of hadrons and nuclei. In this pro-
cess, the structure functions F2(x,Q

2) and the parity-
violating structure function xF3(x,Q

2) can simultaneously
be measured. In 1984, the Big European Bubble Cham-
ber Collaboration (BEBC) published the antineutrino–
neon/deuterium DIS data in the kinematic region of
0 < x < 0.7 and 0.25 < Q2 < 26GeV2 [9]. Their meas-
ured differential cross section ratio in the high Q2 and
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0.3< x < 0.6 region [9] is compatible with the muon and
electron the scattering data from EMC and SLAC. In the
same year, CERN–Dortmund–Heidelberg–Saclay Collab-
oration (CDHS) measured events originating in a tank of
liquid hydrogen and in the iron of detectors in the 400GeV
neutrino wide-band beam of the CERN Super Proton
Synchrotron (SPS) [10]. Comparing the measured total
cross sections, the differential cross sections and structure
functions for hydrogen with those for iron, no significant
difference between the structure functions for protons and
iron was observed. One year later, the E545 Collabora-
tion at Fermilab [11] measured the cross sections in deep
inelastic neutrino scattering on neon or deuterium once
more. Unfortunately, they were not able to give a defi-
nite conclusion due to substantial statistical uncertainties.
In 1987, the WA25 and WA29 Collaborations studied the
nucleon structure functions taken from the neutrino and
antineutrino experiments for neon and deuterium [12]. The
combined neutrino and antineutrino differential cross sec-
tion data also showed that the cross section ratios between
the heavy targets and deuterium decrease when x increases
from 0.2 to 0.6, which is again the EMC effect. In fact,
many neutrino DIS experiments were carried out with their
own primary physical goals, for instance the structure of
the proton, the mixing angles of the electro-weak interac-
tion etc., but none of them can individually confirm the
EMC effect.
In the early 1960’s, Adler [13] proved that in the

Q2→ 0 limit, the structure function F2(x,Q2) obtained
from the charged-lepton DIS process should go to zero,
but F2(x,Q

2) from the neutrino DIS process should ap-
proach a positive constant. This discrepancy is caused
by the partial conservation of axial currents (PCAC) in
the weak interaction. With the aid of Adler’s theorem,
Bell [14] predicted that under certain kinematical con-
ditions, the inelastic neutrino–nucleus interaction should
demonstrate the shadowing effect. Later, the WA59 Col-
laboration [15] compared the kinematical distributions of
neutrino and antineutrino events in the neon and deu-
terium target experiments under similar experimental
conditions. Their results showed that the neutrino and an-
tineutrino charged cross sections per nucleon in neon are
relatively smaller than those in deuterium at low Q2. This
is the first experimental evidence of the shadowing effect in
neutrino interactions, and it is consistent with the PCAC
prediction.
The structure functions in the cross section formulas of

DIS are merely related to the quark densities. An essential
point of the quark–parton model is the universality of the
quark and gluon densities, no matter if they are measured
in the electromagnetic current interaction or the neutrino
charge current or the neutrino neutral current interactions.
Therefore, the only discrepancy in the neutrino and the
charged-lepton DIS is the shadowing effect; the other nu-
clear effects in the two cases should be consistent.
Although there is no individual neutrino experiment on

the EMC effect, the differential cross sections and struc-
ture functions have been measured in neutrino–nucleus ex-
periments in CCFR [16–18] and NuTeV [19] at Fermilab,
and in CDHSW [20] and CHORUS [21] at CERN. These

experimental data would help us to understand the nuclear
effects in the neutrino–nucleus interaction further.
The global analysis of nuclear parton distribution func-

tions were carried out by Eskola et al. [22], Hirai et
al. [23, 24] and de Florian and Sassot [25], respectively.
In those analyses, the leading-order (LO) Dokshitzer–
Gribov–Lipatov–Altarelli–Parisi (DGLAP) evolution was
done by the first two groups, while the next-to-leading-
order (NLO) evolution was performed by the third group.
In 1999, Eskola,Kolhinen, Ruuskanen and Salgado (EKRS)
suggested a set of nuclear parton distributions by using the
FA2 /F

D
2 data in deep inelastic lA collisions and the nuclear

Drell–Yan dilepton cross sections measured in pA colli-
sions. The covered kinematical ranges were 10−6 ≤ x≤ 1
and 2.25 GeV2 ≤ Q2 ≤ 10

4
GeV2 for the nuclear targets

from deuteron to heavy ones. Their results agree very
well with the relevant EMC data and the E772 data
at Fermilab [26]. In 2001, Hirai, Kumano and Miyama
(HKM) [23] proposed quadratic and cubic types of nuclear
parton distributions whose parameters were determined
by a χ2 global fit to the available experimental data, ex-
cept those from the proton–nucleus Drell–Yan process.
The covered kinematical ranges were 10−9 ≤ x ≤ 1 and
1 GeV2 ≤ Q2 ≤ 105 GeV2 for deuteron and heavy nuclear
targets. Their results reasonably explained the measured
data of F2. In 2004, Hirai, Kumano and Nagai (HKN) [24]
re-analyzed the measured ratios of the nuclear structure
functions FA2 /F

A′

2 and the ratios of the Drell–Yan cross
sections between different nuclei for obtaining another
parton distribution function in nuclei. By employing the
Drell–Yan data [26, 27], as well as the HERMES data [28],
HKN determined the sea quark modification in the range
of 0.02< x2 < 0.2. It should be mentioned that up to now
no neutrino–nucleus DIS data have been included in the
analysis.
In this work, by means of the global LO DGLAP ana-

lyses of nuclear parton distribution functions, the differ-
ential cross sections and the structure functions F2(x,Q

2)
and xF3(x,Q

2) in the neutrino–nucleus and antineutrino–
nucleus charged-current DIS are calculated and compared
with the relevant data from Fermilab. It is found that in
the medium and high x regions, the anti-shadowing and
the EMC effects in the structure functions are the same,
but the nuclear corrections in the differential cross sections
of antineutrino charged-currentDIS are distinguishable. In
Sect. 2, a brief formulism for the differential cross section
and the structure function in the charged-current neutrino
DIS is presented. The result and a discussion are given in
Sect. 3, and the summary is given in Sect. 4.

2 Brief formalism for differential cross section
and structure functions in charged-current
neutrino DIS

In the lab frame, inclusive neutrino (antineutrino)–nucleon
DIS [29–32] can be described by three kinematic variables:
the squared momentum transfer Q2, the incoming neu-
trino (antineutrino) energy E, and the inelasticity variable
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y representing the fractional energy transferred to the fi-
nal hadronic system. Q2 can be expressed in terms of the
fraction x of the bound nucleon momentum,

Q2 = 2xyMNE, (1)

where MN is the nucleon mass. If the parton mass is neg-
lected, both x and y range from 0 to 1.
In the single-W exchange approximation, the differ-

ential cross sections for the charged-current neutrino
(antineutrino)–nucleus process in the very small final lep-
ton mass limit can be written as

d2σν,ν̄

dxdy
=

G2FEMN

π (1+Q2/M2W )

[
y2

2
2xF1(x,Q

2)

+

(
1−y−

MNxy

2E

)
F2(x,Q

2)

±y
(
1−
y

2

)
xF3(x,Q

2)

]
, (2)

where GF is the weak Fermi coupling constant, MW de-
notes the mass of the W boson, and the + and − signs
correspond to ν and ν̄ scattering, respectively. In this
equation, there are three structure functions: 2xF1(x,Q

2),
F2(x,Q

2) and xF3(x,Q
2). The first two structure func-

tions are analogous to those for charged-lepton DIS. The
third structure function xF3(x,Q

2) appears only in the
weak interaction due to the parity-violation term in the
product of the leptonic and hadronic tensors.
In order to account for the threshold correction of the

heavy quark production, a so-called slow re-scaling method
is employed [33]. Then the structure function should be
scaled by ξS, rather than x,

ξS = x

(
1+
m2k
Q2

)
, (3)

where mk is the heavy quark mass with flavor k. The tar-
get mass effect is further taken into account by evaluat-
ing quark distributions at the Nachtmann variable ξN [34],
rather than the Bjorken variable x:

ξN =
2x

1+
√
1+4M2Nx

2/Q2
. (4)

At high Q2 (Q2�M2N ), ξN is equivalent to x. When the
target mass and heavy quark mass effects are simultan-
eously taken into account, the Bjorken scaling variable x
should be replaced by

ξk = 2x
1+

m2k
Q2

1+

√
1+

4M2
N
x2

Q2

(
1+

m2
k
Q2

) . (5)

In the quark–parton model, the structure functions
are determined in terms of the quark distribution func-
tions u(x,Q2), d(x,Q2), s(x,Q2), c(x,Q2) and the gluon
distribution function g(x,Q2), which satisfy QCD Q2-
evolution equations. Using the above mentioned ingre-
dients, the structure function F1(x,Q

2) in the neutrino

charged-current reaction can be written as

FW
+p

1 (x,Q2)

= d
(
ξN, Q

2
)
|Vud|

2+d
(
ξc, Q

2
)
|Vcd|

2θ(ξNc− ξN)

+ ū
(
ξN, Q

2
) (
|Vud|

2+ |Vus|
2
)

+ ū
(
ξb, Q

2
)
|Vub|

2θ (ξNb− ξN)

+ s
(
ξN, Q

2
)
|Vus|

2+ s
(
ξc, Q

2
)
|Vcs|

2θ(ξNc− ξN)

+ c̄
(
ξN, Q

2
) (
|Vcd|

2+ |Vcs|
2
)

+ c̄
(
ξb, Q

2
)
|Vcb|

2θ (ξNb− ξN) , (6)

because the virtual W+ coupled to the quarks with nega-
tive charge. Similarly, the structure function F1(x,Q

2)
in the antineutrino charge-changing reaction can be ex-
pressed as

FW
−p

1 (x,Q2)

= u
(
ξN, Q

2
) (
|Vud|

2+ |Vus|
2
)

+u
(
ξb, Q

2
)
|Vub|

2θ(ξNb− ξN)

+ d̄
(
ξN, Q

2
)
|Vud|

2+ d̄
(
ξc, Q

2
)
|Vcd|

2θ(ξNc− ξN)

+ s̄
(
ξN, Q

2
)
|Vus|

2+ s̄
(
ξc, Q

2
)
|Vcs|

2θ (ξNc− ξN)

+ c
(
ξN, Q

2
)
(|Vcd|

2+ |Vcs|
2)

+ c
(
ξb, Q

2
)
|Vcb|

2θ(ξNb− ξN), (7)

because of the virtual W− coupling to the quarks with
positive charge. In these two equations, the quantities Vij
are the Cabibbo–Kobayashi–Maskawa (CKM) quark mix-
ing matrix elements [35], θ(ξNc− ξN) and θ(ξNb− ξN) are
step functions. The quantity ξNk can be defined as

ξNk =
Q2

Q2+(MminX )2−M2N
, (8)

whereMminX is the minimum mass of the final hadron sys-
tem for the light quark transition to the heavy quark k.

The structure functions FW
±p

2 (x,Q2) and FW
±p

3 (x,Q2)
can be obtained from (6) and (7) by making the replace-
ments indicated in the curly brackets:

FW
±p

2 (x,Q2) = FW
±p

1

{
q
(
ξN, Q

2
)
→ 2xq

(
ξN, Q

2
)
,

q
(
ξk, Q

2
)
→ 2ξkq

(
ξk, Q

2
) }
, (9)

FW
±p

3 (x,Q2) = 2FW
±p

1

{
q̄
(
ξN, Q

2
)
→−q̄

(
ξN, Q

2
)}
.

(10)

Assuming isospin symmetry, the corresponding neutron
structure functions can be obtained from the proton
ones by making the replacements u(x,Q2)→ d(x,Q2) and
ū(x,Q2)→ d̄(x,Q2).
In charged-leptonDIS, the structure function F2(x,Q

2)
is related to the structure function 2xF1(x,Q

2) by the well-
known Callan–Gross relation [36]. But this relation is only
valid if the virtual photon is completely transverse. In fact,
it has been observed that the Callan–Gross relation is not
accurately obeyed, and the violation can usually be written
as

2xF1(x,Q
2) =

1+4M2x2/Q2

1+R(x,Q2)
F2(x,Q

2) , (11)
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where R(x,Q2) is the ratio of the cross sections for the
longitudinally polarized photon to the transversely polar-
ized photon. An analogous relation should hold in neutrino
DIS. The CHORUS [21] results on R(x,Q2) are in agree-
ment with the more precisely measured values in charged-
lepton scattering. By fitting the experimental data avail-
able, Whitlow et al. [37] gave an general expression:

R(x,Q2) =
0.0635

log(Q2/0.04)
θ(x,Q2)+

0.5747

Q2
−
0.3534

Q4+0.09
,

(12)

where

θ(x,Q2) = 1.0+
12Q2

Q2+1.0
×

0.1252

0.1252+x2
.

3 Results and discussion

The structure functions F2(x,Q
2) and xF3(x,Q

2) ob-
tained from neutrino scattering experiments are usually
extracted from the sum and the difference of the neutrino
and the antineutrino y-dependent differential cross sec-
tions, respectively. The structure function F2(x,Q

2) can be
expressed by the average of F νA2 (x,Q

2) and F ν̄A2 (x,Q
2),

while the structure function xF3(x,Q
2) can be determined

by 1
2 (xF

νA
3 (x,Q

2)+xF ν̄A3 (x,Q
2)). In order to compare

with the experimental data, the expressions of F2(x,Q
2)

and xF3(x,Q
2) are written as

F2(x,Q
2) =

1

4

(
F νp2 (x,Q

2)+F νn2 (x,Q
2)+F ν̄p2 (x,Q

2)

+F ν̄n2 (x,Q
2)
)
, (13)

xF3(x,Q
2) =

1

4

(
xF νp3 (x,Q

2)+xF νn3 (x,Q
2)+xF ν̄p3 (x,Q

2)

+xF ν̄n3 (x,Q
2)
)
. (14)

In our calculation, the values of the CKM matrix
elements are taken from the global fit [38]. They are
Vud = 0.9739, Vus = 0.221, Vcd = 0.221 and Vcs = 0.9730.
In the case of heavy quark production, only the structure
functions related to the charm quark production are con-
sidered. The value of the charm quark mass is taken to
be 1.31 GeV, which corresponds to the value obtained in
the LO QCD analysis of dimuon events [39]. In terms of
the CTEQ (coordinated theoretical experimental project
on QCD) [40] parton distribution functions in proton and
nuclear parton distribution functions from EKRS [22] and
HKN [24] (called the EKRS fit and HKN fit, respectively,
in the rest of the paper), the differential cross sections
and the structure functions F2(x,Q

2) and xF3(x,Q
2)

for charged-current neutrino and antineutrino scatterings
from iron are calculated. The results are plotted in Figs. 1–
5, where the solid and the dashed curves represent the
results by using the EKRS and HKN nuclear parton dis-
tributions with nuclear effects, respectively, and the dotted
curves denote the results by employing the CTEQ parton
distributions without nuclear effects. The theoretical re-
sult of the structure function F2(x,Q

2) is compared with

the NuTeV and CCFR experimental data in Fig. 1. In this
figure, the experimental data are taken from [17] (open
circle), [18] (solid circle) and [19] (open square), respec-
tively. It seems that the CHORUS results [21] favor the
CCFR data and the expected fact that the difference be-
tween the nuclear structure functions of lead and iron is
small. Preliminary NuTeV data of F2(x,Q

2) [19] are gener-
ally consistent with the CCFR data in the low and medium
x regions but become larger than the CCFR values when
x ≥ 0.65. This deviation should be confirmed in further
experiments. It is shown that our results with nuclear ef-
fects agree excellently with the CCFR data in the region
of x≥ 0.45, which clearly shows the EMC effect in the neu-
trino DIS. In the region of 0.18≤ x≤ 0.35, the EKRS fit is
in a good agreement with the experimental data, but the
HKN fit apparently overestimates the values of the struc-
ture functions F2(x,Q

2). At x= 0.14, the results from the
EKRS and HKN fits show the same tendency with the
experimental data. In the smaller x region, say x = 0.11
or x= 0.09, EKRS and HKN fits reasonably describe the
experimental data. They also show the existence of anti-
shadowing effect in the region of 0.09≤ x ≤ 0.275. In the
very small x region, say x < 0.07, the theoretical results
apparently deviate from the experimental data with de-
creasing value of x, especially in the x < 0.0175 region. It is
well known that in the fixed target experiment the lower x
value usually corresponds to a lowQ2 value. The low x and
low Q2 structure function F2(x,Q

2) from neutrino scat-
tering experiments should not necessarily agree with those
from the charged-lepton scattering experiment, because of
the contributions from the PCAC of the weak interaction.
The shadowing effect should be process-dependent, and it
should be smaller in neutrino DIS than in charged-lepton
DIS. So the difference of the structure function F2(x,Q

2)
between the neutrino and the charged-lepton reactions
should further be investigated in experimental and theor-
etical studies.
The behavior of the structure function xF3(x,Q

2) is
presented in Fig. 2. In general, the CHORUS results [21]
are in agreement with the CCFR and CDHSW [20] data.
Preliminary NuTeV data are consistent with the CCFR
data in the low and medium x regions, but show higher
values at x ≥ 0.75. Considering the nuclear effects, our
calculated results reasonably agree with the experimental
data in the region of x≥ 0.45, showing the same nuclear
effect presented in the charged-lepton DIS. In the region
of 0.18 ≤ x ≤ 0.35, the EKRS results agree with the ex-
perimental data, but the HKN results overestimate the
structure function xF3(x,Q

2). In the smaller x region, say
x= 0.11 or x= 0.14, EKRS and HKN fits cannot properly
describe the experimental data. Moreover, in the x≤ 0.09
region, the HKN fit is consonant with the data, but the
EKRS and CTEQ fits overestimate the values of the struc-
ture function xF3(x,Q

2). In charged-lepton DIS, it is not
obvious whether the valence quark distribution indicates
shadowing and anti-shadowing. Nevertheless, the neutrino
DIS experimental data expose the shadowing and anti-
shadowing effects in the nuclear valence quark distribu-
tions. In terms of the HKN nuclear parton distribution, one
can well describe the shadowing effect, but still one over-
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Fig. 1. The structure functions F2(x,Q
2) as a function of Q2 at various Bjorken variables x. The experimental data are taken

from [17] (open circle), [18] (solid circle) and [19] (open square), respectively. The solid and dashed lines are the results from the
EKRS and HKN nuclear parton distributions with nuclear effects, respectively. The dotted lines are the results from the CTEQ
parton distributions with no nuclear effects

estimates the anti-shadowing effect in the valence quark
distribution.
The recombined experimental data and the structure

function xF3(x,Q
2) with various Q2 are shown in Fig. 3.

From this figure, one sees that the HKN results consist ex-
cellently with the experimental data at the low and high x
regions but overestimate the anti-shadowing effect of the
valence quark in the bound nucleus in the medium x re-
gion with Q2 ≤ 50.1GeV2. Although the EKRS fit over-
estimates the values of the structure functions at smaller
x in the Q2 ≤ 12.6GeV2 region, it is in very good agree-
ment with the experimental data in the anti-shadowing
and EMC effect regions with Q2 ≥ 20.0GeV2.

The differential cross sections as a function of y for
charged-current neutrino (antineutrino) scattering on the
iron nucleus are calculated in various x bins atE = 85GeV.
The results are plotted and compared with the experimen-
tal data in Fig. 4. It should be remarked that the NuTeV
data [19] are reasonably in agreement with the CCFR
and CDHSW data with the exception of the Bjorken vari-
able region x≥ 0.40, where CCFR neutrino and antineu-
trino differential cross section data are unanimously below
the NuTeV results. The comparison with the experimen-
tal data reveals that the nuclear corrections are negligi-
ble in the differential cross sections of charged-current an-
tineutrino DIS, which is the same as that in [41], but the
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Fig. 2. The structure functions xF3(x,Q
2) as a function of Q2 at various Bjorken variables x. The experimental data are taken

from [17] (solid circle) and [19] (open square), respectively. The notation of the curves is the same as Fig. 1

neutrino–iron differential cross sections provide more in-
formation. It is seen that there are no nuclear effects in
the region x≤ 0.125. The results from EKRS and CTEQ
are in agreement with the experimental data, the HKN re-
sults greatly overestimate the neutrino–nucleus differential
cross sections in the region of 0.175≤ x≤ 0.35. This is be-
cause the sign of the xF3(x,Q

2) term in the differential
cross section of neutrino DIS is positive; the contributions
from the valence quarks are dominant. For x ≥ 0.45, it
seems that these three fits overestimate the data a little bit.
Recently, Kulagin and Petti [42] (KP) and Qiu and

Vitev [43] (QV) respectively predicted the nuclear correc-
tions in the low x region. Because the HKN nuclear dis-
tribution can provide a good description for the structure

function xF3(x,Q
2) at small x, we show the calculated ra-

tios of xF3(Fe) to xF3(D) with different x andQ
2 values in

Fig. 5 and tabulate them, as well as the KP and QV ones,
in Table 1 for comparison. It is shown that the HKN fit
presents suppressions of 7% and about 5% at x = 0.0001
and x= 0.01, respectively, while QV gave 15% at both x=
0.0001 and x = 0.01 with Q2 = 1.0 GeV2, and KP showed
a larger nuclear suppression in the shadowing region.
In the global DGLAP analysis of nuclear effects, the

abundant data are used. They are the ratios of the struc-
ture functions in electron and muon DIS and the ratios of
the differential cross sections of the lepton pairs produc-
tion in the nuclear Drell–Yan process for different nuclei,
although the energy loss effect [44] might exist.
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Fig. 3. The structure functions xF3(x,Q
2) as a function of the Bjorken variable x at variousQ2. The experimental data are taken

from [17]. The notation of the curves is the same as Fig. 1

The data of nuclear structure functions in neutrino–
nucleus DIS are so scarce that they have not been included
in the current global fit for nuclear parton distributions.
Consequently, it is difficult to determine nuclear valence
quark distributions in the small x region and nuclear anti-
quark distributions in the x > 0.2 region. In contrast, the
nuclear valence quark distribution in the medium and large
x regions can relatively well be determined. It is conven-
tionally considered that the EMC effect and Fermi motion
primarily occur in the scattering on valence quarks. The
anti-shadowing occurring in the medium x region could be
affected by either the sea or the valence quark contribu-
tions. The shadowing effect mainly comes from the scatter-
ing off a sea quark. The nuclear modifications for neutrino
and charged-lepton scatterings should be expected to be
identical without the lower x and lower Q2 region due to
the PCAC of the weak interaction. The experimental data
of xF3(x,Q

2) present an obvious anti-shadowing effect of
the valence quarks, which is absent in charged-lepton DIS.
Therefore, it would be plausible if the neutrino DIS ex-

perimental data can be included into the study of nuclear
parton distributions. In fact, by means of the structure
function xF3(x,Q

2) in neutrino DIS only, the nuclear mod-
ifications to the valence quark distribution can very pre-
cisely be determined in the medium and large x regions.
With the structure functions F2(x,Q

2) from the neutrino
and charged-leptons scatterings, the nuclear modifications
to the sea quark distribution in the medium and large x
regions would be pinned down. In addition, a detailed in-

Table 1. The results in detail from HKN, QV and KP

HKN QV KP

Q2(GeV2) 1.0 5.0 20.0 1.0 5.0 20.0
x (10−4) 0.929 0.931 0.933 0.85–0.88 0.76 0.88
x (10−2) 0.945 0.958 0.966 0.85–0.88 0.82 0.92

vestigation of the nuclear correction in the lower x region is
needed, because such a correction depends on whether the
process is neutrino or charged-lepton DIS.

4 Concluding remarks

As a summary, a LO analysis of neutrino–nucleus DIS
is performed. The structure functions F2(x,Q

2) and
xF3(x,Q

2) and the differential cross sections are calculated
and compared with the experimental data from CCFR
and NuTeV by employing more appropriate EKRS and
HKN nuclear parton distributions and CTEQ parton dis-
tributions without nuclear corrections. It is found that
the nuclear corrections are negligible in the differential
cross sections of the antineutrino charged-currentDIS. The
EMC effect does exist in the neutrino structure function
F2(x,Q

2). Such an effect is as strong as that shown in the
lepton structure function. Shadowing and anti-shadowing
effects occur in xF3(x,Q

2) in the small and medium x re-
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Fig. 4. The differential cross

sections 1
E
d2σ
dxdy (in 10−38

cm2GeV−1) as a function of y
for neutrino (left) and antineu-
trino (right) at E = 85GeV.
The corresponding values of
the Bjorken variable x are in-
dicated in the figures on the
left . The experimental data are
taken from [16]. The notation of
the curves is the same as Fig. 1

gion, respectively. It clearly demonstrates the shadowing
and anti-shadowing effect of the valence quark distribu-
tion. Shadowing effects at small x in neutrino and lepton
DIS are not exactly the same. This is due to the conserva-
tion of the vector current in lepton DIS and the PCAC of

the weak interaction. The shadowing effect in neutrino DIS
should be weaker than that in lepton DIS. Because of the
process dependence of the shadowing effect, further inves-
tigations are required. It is necessary to measure the ratios
of the structure functions F2(x,Q

2) (and xF3(x,Q
2)) for
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Fig. 5. The ratios of the structure functions xF3(x,Q
2)

for iron and deuterium. The curves are drawn for Q2 =
1.0, 5.0, 20.0 GeV2 from the HKN nuclear parton distributions

various nuclei in neutrino DIS. The structure function
F2(x,Q

2) is also very important to investigate the nuclear
shadowing effect in the small x region by means of charged-
lepton DIS, because the structure function ratios of the
heavy nucleus to light nucleus are currently taking in lep-
ton DIS experiments. TheMINERv-A(Fermilab E938) [45]
and neutrino-factory [46] projects will start in the near fu-
ture. The study of the structure functions would deepen
our knowledge of the shadowing effect on the valence quark
and anti-quark distributions in the neutrino and the lepton
DIS processes. Clarifying the shadowing effect will allow
us to determine the nuclear modifications of parton distri-
butions, to study the new state of matter in the heavy ion
collision accurately, as well as to investigate the basic QCD
and electro-weak parameters.
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