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We investigate the neutral-current neutrino-nucleon deep inelastic scattering with particular emphasis on
short-range correlation (SRC) and the European Muon Collaboration (EMC) effect, as well as their impact
on the weak-mixing angle sin? @, determination. The ratios of relevant structure functions are presented

where the nuclei are chosen as carbon, iron, and lead. One kind of universal modification function is
proposed which would provide a nontrivial test of SRC universality on the platform of neutrino-nucleon
deep inelastic scattering. In addition, we study the impact of “SRC-driven” nuclear effects on the extraction

of sin? Ay, which is naturally associated with the renowned NuTeV anomaly. The results indicate that these
effects may account for a substantial fraction of the NuTeV anomaly and considerably affect the value of

extracted sin’ @y,.
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I. INTRODUCTION

Neutrino-nucleon scattering provides one of the most
precise platforms for the weak neutral-current. The high
statistics measurements of neutrino deep inelastic scattering
(DIS) on heavy nuclear targets have attracted lots of attention
due to their importance in global fits of parton distribution
functions (PDFs). Besides, the data on v and 7, contrary to
charged leptons, give direct access to both the weak-mixing
angle 0y, and the Z° coupling to (anti)neutrinos.

Owing to the weak nature of neutrino interactions, the use
of heavy nuclear targets is unavoidable in neutrino DIS
experiments, and this complicates the extraction of relevant
observables because of the nuclear effects. The original
idea of having nuclear effects in PDFs was driven by data in
DIS measurements performed by the European Muon
Collaboration (EMC) and subsequently conformed by other
experiments [1-6]. They found a reduction of the cross
section per nucleon in nucleus A compared with deuteron in
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the valence quark dominated regime 0.3 < x < 0.7, here x is
the Bjorken variable. This phenomenon is referred to as the
EMC effect. One should note that there is no consensus on
the exact nature of EMC effect until now.

Recently, the possible connection between the EMC
effect and short-range correlation (SRC) has been inves-
tigated substantially [7-19]. The two-nucleon SRC is
defined experimentally as having small center-of-mass
momentum and large relative momentum, it describes
the probability that two nucleons are close in coordinate
space, as a result of nontrivial nucleon-nucleon interactions
in the nucleus. One can refer to this nicely written review
[20] for more details. The neutrino-nucleon DIS is an ideal
platform for testing nucleon structures and SRC interpre-
tation of the EMC effect, in this work, we will study the
neutral-current neutrino-nucleon DIS where the nuclei A
are selected to be '2C, %Fe, and 2%Pb. The structure
functions Fy\c, (x, Q) and xF\, (x, Q%) are calculated

with consideration of nuclear PDFs (NPDFs) in terms of
EPPS21 parametrization, and we choose CTISANLO as
free nucleon baseline [21,22]. One kind of universal
modification functions was proposed in this process which
can be viewed as nontrivial tests of SRC universality on the
platform of neutrino-nucleon scattering. Here universality
means the partonic structure from the correlated nucleon-
nucleon SRC pair is same for all kinds of nuclei.
Compared to charged lepton-nucleon scattering, data on
neutrino-nucleon are in short supply, and the understanding
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of nuclear effects in them are therefore pretty limited.
In addition to testing the SRC universality, there is an even
more important issue, we explore the way in which the
“SRC-driven” nuclear effects modifies the extraction of
weak-mixing angle sin” 8y, which is a key parameter in the
electroweak sector of the Standard Model (SM) [23-25].
The precise determination of this angle is among the
fundamental works in particle physics and it had been
accurately measured by collider experiments. Nevertheless,
the NuTeV Collaboration reported an anomalously large
weak-mixing angle sin? @y, = 0.2277 4 0.0013(stat) +
0.0009(syst) [26,27]. There is a three-sigma discrepancy
between this result and global analysis of other data
sin? @y, = 0.2227 4- 0.0004. This is the renowned NuTeV
anomaly, which has not been fully understood yet. Since this
anomaly came up, a lot of detailed data analyzing works
followed, the results raise a deep question as to whether the
neutrino DIS data could be combined with the charged-
lepton DIS data to get better NPDFs [28-33].

This situation requires resolution. Historically, the precise
measurement of 6y, is closely related to new physics (NP)
[34-36], many mechanisms based on NP were proposed to
explain the cause for this anomaly [37,38]. Meanwhile, a
number of works that attempted to interpret the NuTeV result
within the context of the SM have been suggested, most of
them have potential to attenuate the anomaly [39-49]. These
works largely focused on nucleon charge symmetry violating
(CSV) effects, finite distributions of strange sea quark, as
well as nuclear corrections such as Fermi motion and
binding and the isovector EMC effect. If one or more
contributions mentioned above are as large as expected in the
references, it undoubtedly will be a milestone discovery
concerning fundamental QCD effects in nuclei. In spite of
these remarkable efforts, effects from the SRCs of the bound
nucleon have not been investigated in relation to the NuTeV
anomaly. These effects are potentially essential since they
are widely accepted as one of the leading approaches for
explaining the EMC effect.

It is known that the Paschos-Wolfenstein (PW) relation
which was deduced for the isoscalar nucleon R, =
(ot — 0%t/ (0¥ — o) = 1/2 — sin? @y [50], was used
for the determmatlon of sin? @y, in NuTeV experiment.
Here, o%. and 6% are the deep inelastic cross sections for
neutral-current (NC) and charged-current (CC) neutrino-
nucleon interactions, and A represents the target. In this
paper, motivated by the correlation between the EMC effect
and the SRC scale factor, we derive a modified PW relation.
Then, we discuss its impact on the extraction of sin? Ow.

The rest of this paper is organized as follows: In Sec. II,
the formalism and results of structure functions in NC
neutrino-nucleon DIS will be briefly reviewed, and the
proposal of one kind of universal modification function is
discussed. In Sec. III we study the “SRC-driven” nuclear
corrections of the PW relation and their possible effects on
the extraction of sin” @y,. We conclude in Sec. IV.

I1. UNIVERSAL MODIFICATION FUNCTION IN
NC NEUTRINO-NUCLEON DIS

As illustrated in Fig. 1, a high energy neutrino interacts
with a nucleon through the exchange of a neutral Z° boson,
producing a corresponding neutrino and hadron in the
final states. These processes can be analyzed by the
following Lorentz invariants: the Bjorken scaling variable
x = Q%/(2p - q); the inelasticity y = (2p - k)/(2p - q); the
negative squared four momentum transfer Q% = —¢°.

The cross section for NC (anti)neutrino interactions with
the nucleon in nucleus A is given by

dJUNAc: Gts VA | xy?
dxdy 2z(1 + Q*/M3%)? 1oyt

+ F;?NC)(l -y)+ Fg?NC)xy <1

el

dOjN% _ G2 vA y2
dxdy 2z(1+ Q*/M2%)? 1oyt
. 7. Y
+F2?NC)(1—y)—F3‘(4NC)xy<1 —§>} (1)

Here G is the Fermi coupling constant and s is the square
of the center-of-mass energy. The expressions above can
be reduced by Callan-Gross relation F' ”f‘ o) = 2xF} vA

1(NC)
F Z?N ) = 2xF} ”A ¢) [51]. In the above expression, we have

omitted the exphclt dependence on x and Q? for brevity.
The nuclear structure functions for a nucleus with mass
number A and atomic number Z can be decomposed into
two parts

/A /A
Fiine) = 2 Fane) + 45 Faney: 2)
% /A on/A
FIE?N C) — ZFD? )+TZF;’ZNC)’
VA Zy /A ~Z /A
xXF3(ne) = $XF5c) T 452 5F 5 ey )
7 o /A u /A
xF Z?NC) =4x y? ) +452 3?NC)‘

which can be further expressed in terms of NPDFs:

FIG. 1. A schematic diagram for neutral-current neutrino-
nucleon DIS. The process was carried out through the exchange
of an electroweak gauge boson Z°.
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F ;?NC) =F g?NC)

Z
= Lon{(u + )l + )
]+ ) (@A i)

-z
2x[(uf + ug) (un™ + e3t)

+(d +dg)(dy* +507)). (4)
Here the left- and right-handed couplings for a quark
are expressed as u; =3—3sin?Qy, wup = —3sin’fy
and dj, = —1 4 1sin’0y, dgx = sin’0y. We also define
=gt + g

The size of partonic CSV correction to NuTeV anomaly
has been estimated to be significant [48,49]. Nevertheless,
since this correction has been relatively well studied and we
are only interested in the SRC-induced nuclear corrections,
the isospin symmetry w4 (i) = di(dy), da(dy) = up (i),
s4(55) = sp(5n), ch () = ca(es) will be utilized in this
paper. Therefore, the expression for the structure function
in Eq. (4) simplifies to

F;?N o) = in[(uL—i—uR) W+ (3 + d3)dh]
LAz 2x[(u} + u})dit + (3 + di)ult]
+2x[(uf + ug)(cp®) + (df + di)sp*]. ()
Similarly,
Fiine) ZXFD? o)
= —2x[(uL — ug)up” + (di — dg)dy]
AL ox(u - )i + (& - diJue]
+2x[(uf —ug)cy™ + (df — di)sy7]- (6)

The NPDF f7/*(x, 0?) can be defined relative to the free
proton PDF f7(x, Q%) as [21]

£ (x, 0%) = R (x, Q%) fF (x. 0%), (7)

where i denotes the types of partons and R% (x, Q?) refers to
nuclear modification factor. The free proton baseline is

CT18ANLO [22].
We define the ratios in line with Ref. [16]

;x, 0%) =
;x,0%) =
Here F;’XNQ and ng’(VNC

F‘Z”(‘NC) and ng/(*NC), just with the NPDFs in nucleon

FDA /Fv
(XFZ(NC))/(XF?(\II\JC))- (8)

R(FI./A
R(xF4\c

) have the same expressions of
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FIG. 2. The ratios R(F4{y ), 0?) and R(x XFYc)s X 0?) as
functions of x with Q% = 20 GeV?. The black, red, and green
lines correspond to '>C, 3°Fe, and 2%Pb, respectively.

replaced by PDFs in free proton. With Eqs (7) and (8),
we depict the dependence of R(F e X, 0%) and

R(x F”A x,0?% on x in Fig. 2. The Q2 is fixed to

20 GeVz, Wthh is attainable in many neutrino-nucleon
scattering experiments. A comparison will be conducted
between Figs. 2 and 3 that appears subsequently.
Motivated by the amazing linear correlation between the
EMC effect and the SRC scale factor which has received
enormous attention in recent years, we parameterize the u
and d quark distributions in the EMC region as that for the
structure function in Refs. [52,53] by assuming that all
nuclear modifications originate from the nucleon-nucleon

SRCs,

(5, 0%) = L2l (. @) + bl (x. 0)).

a5, Q%) = 5 20 (5, Q%) + bS] (.00, ()
where nZ. represents number of nucleon-nucleon pairs in
nucleus A, notably the subscript v in u} and d) means
distributions of valence quark since experimental results
pointed to the EMC effect being due to a change in the
valence quark distributions [54,55]. u}, and &d} represent
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FIG. 3. The ratios RM(F2 (NC) s Q%) and RM(xF3<NC) ;
x, Q%) present the universality of SRC contributions with EPPS21
parametrization.

the difference between u and d valence quark distributions
in the SRC pair and in the free proton, respectively.

We then rearrange equation Eq. (9) with the aid of
parametrization in Eq. (7):

ouy (x, 0%)/uy (x, 0%) = (Ry, (x. Q%) = 1)/ (n&e/ Z),
ady (x. @)/ dv (x. Q%) = (Ry (x. Q%) = 1)/ (nx/Z). (10)

Because u} and 6d) are assumed to be nucleus-indepen-
dent, our model predicts that the left-hand side of Eq. (10)
should be a universal function, here universal means they
are the same for all kinds of nuclei. This indicates that the
nucleus-dependent quantities on the right-hand side of
Eq. (10) combine to give a nucleus-independent result.
This universality of SRC can be illustrated more specifi-
cally by introducing one kind of universal modification
functions. From Eq. (10), the universality indicates that if
one has two different kinds of nuclei A and B:

RS —1 RE -1 )
n?rc/ZA ngrc/ZB ’

here the explicit dependence on x and Q? are omitted for
brevity. Define a) = (n4./A)/(n%./2), which is the SRC

scale factor of nucleus A respect to that of deuteron, it can be
measured through the nuclear structure functions at x > 1.5
region [56,57]. Equation (11) can be reexpressed as

RY —127, RE -127
7 o= B = (12)
ay AA as AB
Similarly, for the valence d quark
R —122, Ri—122 (13)
(1124 AA Clg AB '

Therefore, one can parametrize the valence quark distribution
in nucleus A in terms of that in B,

Zg Ay at
Rl =2 (RE — 1)+ 1,
B4A 4y
ZpAyat
RA =ZBZAD (B _ 1y 4, (14)

d, ApZa a123 v

In the EMC region, the NPDFs of valence u and d quarks
dominate the structure function F° ;?NC), the distributions of
sea partons can be dropped if we only concerned about the
universality of SRC for the time being. Thus, the structure
function of F' Z?NC) further simplifies to

Z
FZ?NC) = sz[(u% + ug)uy + (df + dy)d}]
A—

z
2x((uf + ug)dy + (df + dg)uy)]

V4
= Z2x[(u% + ug )Ry uf +

A—

(d] + di)R; di]

Z
2x{(u + b )RA ¥ + (d + d)RA ul).

(15)

Bringing Eq. (14) into Eq. (15),
reconstructed in terms of R and ng‘

the F’E’E‘NC) can be
We do not show

the explicit expression here, since it is rather lengthy
and the step is straightforward. Bringing this newly
obtained expression into Eq. (8). After some algebra,
one can readily find

22, Rl > @) =1 _ 22, RPigyi . &%) -

A B
AA a, AB a,

(16)

The equation for xF’g/(‘NC) can be also derived in an

analogous way. These results indicate that the universality
of SRC can be illustrated more specifically by introducing
one kind of universal modification functions
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ZZR(F”A ;x, Q%) —
R Fz/A 2 ,
ml %, 0F) = A a’é
2Z R(xF N LR QZ) -1
RM(xF’g’E‘NC);x, Q%) = o ( )a‘é‘ . (17)

The role of R, is normalizing the ratios defined in Eq. (8)
by the respective SRC scale factors. The universal modi-
fication functions are plotted in Fig. 3, it can be seen that
the ratios of different nuclei tend to shrink substantially
compared with those in Fig. 2. This universality has been
investigated in the CC neutrino-nucleon DIS previously
[16], our result in the NC process here supports the
theoretical assumption raised in Eq. (9) and indicates that
in the valence quark dominated regime 0.3 < x < 0.7, the
EMC effect is mainly caused by SRC pairs. Figure 3 is a
nontrivial test of SRC universality, providing a new clue to
understand how the relatively long-range nuclear interac-
tion influences the short-distance parton structure inside the
nucleon.

do¥e G%s
dxdy =(1+ Q*/M3%)?
+[d} + di(1 = y)?J(d + %) +
do¥ie G%s
dxdy #(1+ Q?/M2%)?

+ [d} + di (1 — y)*](d* + s*) +

Utilizing Egs. (18) and (19), we obtain the PW relation in
the form of parton distributions [42],

i ===y
i = ) ) + (dy — dp)(d +57) )
dy + 57 = (1= y)*(u + ¢p) '

The valence quark NPDFs are defined by ¢/ = ¢* — g*.
We can parameterize u4 and ¢/ in the EMC region as we
did in Eq. (9), therefore for a certain nucleus with mass
number A, atomic number Z and neutron number N, it’s
valence u and d quark distributions would be decomposed
into contributions from unmodified protons and neutrons
and np SRC pairs with modified quark distributions:

1

ulg = Z [(Z - n?rc)ug + (N - n?rc)uz + n?rc(ﬁf +u )}
1
= 4 1Zul + NdJ + nio(dul + buy)). (21)

Here the partonic charge symmetry between free proton and
neutron u” = d} has been utilized. &) and @#" are the

x{[uf + up(1—y)(ut + c*) +

[dy +d; (1

III. MODIFIED PW RELATION AND ITS IMPACT
ON sin? 6y, DETERMINATION

The NuTeV target is mainly the iron nuclei, nuclear
corrections should be carefully taken into account for a
precise determination of sin? . In this section, we derive a
modified PW relation which has taken the SRC of nucleons
into account. Then, we discuss a possible nuclear modifi-
cation factor which could change the extracted sin® 8y, value.

The differential cross sections of charged-current (anti)
neutrino-nucleon DIS expressed in terms of NPDFs are

doty Gis
dxdy ~ 2(1+ Q*/M3)?
x (@ 4 st + (1 =) (at + )],
do?, G%s
dxdy ~ 2(1+ Q* /M)
X [d + 54 + (1 = y)?(u? + cA)]. (18)

For the NC neutrino-nucleon scattering, the differential
cross sections are

[ug + ug (1-y)*) (@ + %)

=)@ +354)},

of[ug + ug (1= )2t + ) + [uf + up(l = y)’)(@" + &)

[d7 + di(1 = y)*)(a* +54)}. (19)

|
modified distributions for protons and neutrons in SRC pairs
and Su}) = it} — u} (similarly for su”). Itis analogous for d-!,

1
di =2 [Zd] + Nuf + (847 + 8d3)]. (22)

In nucleus A, the isospin symmetry u?/* = @"/* and @?/* =

A
U4 restricts:

N N
od = —éul, oul = —ody). (23)
Z Z
This makes Eqgs. (21) and (22) into
Zub + Nd¥) nA N
A__" € sub odb
"o A A < 7 )
Zd) + Nuf  ni
= 20 TR T (sar / 24
d; 1 e <5d + Zéu ) (24)

Next, we define neutron excess constant €, as well as
AT, A” by
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At =58d0 +8ub, A~ =5d0 - sul. (25)

Substituting Eqs. (24) and (25) together with the coupling constants into Eq. (20), we can reexpress R;:

Ry =[y(y —2)(A(1 +€,)[s% — ¢ + (Bub + 3dY + 250 + 4c?t) cos 20y + 2¢,(d) — ul))sin®Oy]
+ nérc [4€nA_Sin29W + 6A* cos 29W])]/[6(A(1 + €n>[y(y - 2)(’/‘{}7 + dlb)) - (2 - 2y + y2)€n(d5 - uf)
=257 +2(1 = y)%ef] + 2nG[(=2 + 2y — y*)e, A7 + y(y = 2)A*])]. (26)

The neutron excess effects, i.e., the €, terms, have been taken into account in the NuTeV analysis [26], with the assumption
that the target is composed of free nucleons. The “valence” strange and charm distributions are very tiny, if not negligible
[27,48]. These sources of corrections would not be discussed in this work, since we are interested in finding out the
influence of the “SRC-driven” nuclear effects, i.e., A* related terms. We reduce R; in Eq. (26) by considering that these
terms are small, retain only the leading power corrections,

Rgzi—sin

v

nie _y(y—=2)+23+y(y—2))cos20y

20y — (s4 — c4) %AWA+ Yy =2)(y=2) +2(3 + y(y —2))cos20y)

3(y(y —2)(uf +db))?

té,

The first term is the PW relation [50]. The second and third
terms are corrections caused by A*, here “other correc-
tions” means the higher corrections of A* and corrections
of €,,s?, ¢/ which are not related to A*. We note reader
that the u} and d} are PDFs of free proton.

In order to explore whether the A* corrections could
explain, or at least partially explain the NuTeV anomaly, we
combine Egs. (7) and (9) to obtain estimates of n4 AT,

ny AT = Z[(R) —1)d} + (Ri — Dut],
ngA” = Z[(R) = 1)d} — (Ry —1)uy]. (28)

The contribution of second term in Eq. (27) is almost zero
since it is proportional to (s?* — ¢%) and the contribution of
third term is related to neutron excess constant.

In the NuTeV measurements, 97% of the data is contained
within 1 GeV? < Q% < 140 GeV?, 0.01 < x < 0.75. The
average Q> = 25.6 GeV? and E, = 120 GeV for v events as
wellas Q> = 15.4 GeV? and E; = 112 GeV for 7 events. In
our estimation, we have adopted Q> =20 GeV?, E =
116 GeV. Figure 4 shows the shape of A~ correction term
as a function of x. As one can see, the magnitude of this
correction is strongly dependent on the neutron excess
constant which is 0/12, 4/56 and 44/208 for '’C, °Fe,
and 2%Pb, respectively. Another essential feature illustrated
in this figure is that the functions change their signs at x ~
0.25 where the transition from antishadowing region to the
EMC region takes place. The A~ correction term of “Fe
implies a resulting decrease in the NuTeV value of

A 3y(y—2) (u5+d{?+2"%rcA+)

+ O(other corrections). (27)

sin? @y, and becomes comparable to the NuTeV deviation
(0.2227 — 0.2277 = —0.0050).

Alternatively, we can rewrite Eq. (27) to make it
explicitly dependent on the SRC scale factor a4 of different
nucleus A. The universality of SRC indicates that AT, A~
are the same for all kinds of nuclei. Taking the EPPS21
parametrization result of quark NPDFs for carbon (1’C) as
input, we can obtain nZSA+ and n;EA‘ from Eq. (28).
Therefore, the power corrections of PW relation can be
written down in terms of a4 as:

0.01

-0.01

........

-0.02

A term

-0.03
--C
-- Fe-l
= Pb

== Fe-1l
cle e b e b e b by

0.2 0.3 0.4 0.5 0.6 0.7
X

-0.04
Q%=20 GeV?
-0.05

G e R AR RN RN RS AR
|

-0.06

(=}

FIG. 4. The A~ correction term is evaluated at Q> = 20 GeV?2.
The black, red, and green dashed lines correspond to 12C | Sope,
and 2%8Pb obtained from Eq. (27), respectively. The blue dashed
line of *Fe labeled as Fe—II is plotted according to Eq. (29).
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a1
Y0 =2)+26 +y(y-2)) cos 20
3y(y —2) (uff +df + 25—2;"13—'5A+)

2

1
Ry = 5~ sin’fy + ¢, A~

+ O(other corrections). (29)

We set the nucleus to be iron (°°Fe) and the reference

values of the SRC scale factors aS;Fe = 4.80, aI;C =449
are taken [10]. The resulting shape of power correction
term obtained from Eq. (29) is plotted as a blue dotted line
in Fig. 4. One can see that the difference between the two
lines of iron, obtained from Egs. (27) and (29), respectively,
is relatively small. This consistency shows a nontrivial test
of the theoretical assumption in our paper.

We then proceed to simply average the curve of >Fe over x
from 0.05 to 0.7 to investigate the order of magnitude effects
of A~ term on extracting sin® @y,. It is plotted in Fig. 5. The
A~ term depends on the momentum transfer significantly,
which is approximately as same as the NuTeV deviation at
Q? = 20 GeV?. This kind of simple average could over-
estimate the contributions from large x region, since much of
the datain NuTeV came from x < 0.2 where our assumptions
in Egs. (21) and (22) would not be very suitable.

Since our results shown in Figs. 4 and 5 are mainly
derived from parametrizations in EPPS21 and CT18ANLO
as well as “SRC-driven” nuclear effects assumption, there
is little model dependence in our conclusion that the A~
term has a effect of reducing the NuTeV result for sin® 6y,.
It is important to remember that NuTeV does not measure
directly R}, but rather measures ratios of experimental
candidates within kinematic criteria and compares them to
Monte Carlo simulations [27]. The average Q° = 20 GeV?
was obtained from Monte Carlo simulation, in fact the
actual kinematics of the selected events is poorly known.
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FIG.5. The negative value of A~ term averaged on x is plotted.
The red (Fe—I) and blue (Fe—I1) dashed lines are obtained from
Egs. (27) and (29), respectively. The black solid line refers to the
NuTeV deviation for convenience of comparison.

Therefore our results are not directly applicable to the
NuTeV data, but only indicate some general features of
“SRC-driven” nuclear effects on the extraction of weak-
mixing angle.

Previous works indicate the CSV correction may explain
roughly half of the NuTeV discrepancy with the SM and the
correction from strange quark asymmetry has a significant
uncertainty. Other studies of nuclear corrections to the R}
include Fermi motion and nuclear shadowing effects [58,59].
Each experiment requires a specific analysis according to the
relevant experimental conditions. Principally, all of the
corrections mentioned above should be formally incorpo-
rated into a reanalysis of the NuTeV data, with good control
over various systematic uncertainties, before we could claim
that there is no longer any significant discrepancy between
the predictions of the SM and the NuTeV data.

The future high luminosity EIC would allow for a series
of precision extractions of sin’@y [60]. Besides, the
proposed LHC Forward Physics Facility (FPF) is estimated
to about 3% precision on measuring sin> @y, at Q ~ 10 GeV
[61]. Other future experiments include DUNE, Moller,
IsoDAR, MESA-P2, etc. [62-65], which would shed new
light on the longstanding NuTeV anomaly.

IV. SUMMARY

In summary, we have studied neutral-current neutrino-
nucleon DIS with particular interest in the relationship
between SRC and the EMC effect. The ratios of structure
functions F;ANC) (x, Q%) and xF gANC) (x, Q%) are presented
to illustrate that the EMC effect in different nuclei can be
described by the abundance of SRC pairs and the proposed
modification functions in this work are in fact universal.

In addition, we have derived a modified PW relation for
nuclei motivated by the correlation between the EMC effect
and the SRC scale factor. Taking advantage of this relation,
we found the “SRC-driven” nuclear effects may account for a
substantial fraction of the NuTeV anomaly. This conclusion
may have fundamental consequences for our understanding
of nucleon structure. Apart from the importance mentioned
above, we think the idea of investigating correlation between
EMC and SRC effects with modified PW relation R on the
platform of NuTeV and other future neutrino-nucleon scat-
tering experiments in itself is pretty stimulating.
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