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In this work we study nu
lear PDFs and dis
uss how nu
lear 
orre
tions depend on

C-parity (q + q̄ vs. q − q̄) and isospin (u + d vs. u− d). We also 
al
ulate the DY

pro
ess 
ross se
tion and 
ompare in detail our results with the data of E772 and

E866 experiments at Fermilab.

This work is based on previous studies

S.K. & R. Petti, Nu
l. Phys. A765 (2006) 126;

Phys Rev D76 (2007) 094023;

Phys Rev C82 (2010) 054614
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Histori
 EMC measurement of nu
lear e�e
ts in DIS

Ex
iting observation, although the

small-x part turned out to be time

dependent (the e�e
t 
hanged sign with

time).

Available DIS data span the region

10−4 < x < 1.5 and

0 < Q2 < 150 GeV2
. About 800 data

points for the 
ross se
tion ratio (or

FA
2 /FB

2 ) with Q2 > 1 GeV

2
. Nu
lear

targets from

2
H to

208
Pb.
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Features of data: a weak Q2
dependen
e

and a strong x dependen
e of os
illating

shape:

Suppression (shadowing) at small x
(x < 0.05).

Enhan
ement (antishadowing) at

0.1 < x < 0.25.

A well with a minimum at

x ∼ 0.6÷ 0.75 (EMC e�e
t).

Enhan
ement at large values of

x > 0.75÷ 0.8 (Fermi motion region).
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Hadroni
 muon pair produ
tion (Drell�Yan pro
ess)

Drell-Yan produ
tion of a lepton pair in

hadron 
ollisions:

d2σ

dxBdxT
=
4πα2

9Q2
K

∑

a

e2a
[

qBa (xB)q̄
T
a (xT )

+ q̄Ba (xB)q
T
a (xT )

]

xTxB =Q2/s,

Sele
ting small Q2/s and large xB we

probe the target's sea. In E772 experiment

s = 1600 GeV2
. At xB > 0.1 the pro
ess is

dominated by qB q̄T annihillation =⇒ DY

pro
ess probes antiquarks in the target.

σDYA

σDYB

≈
q̄A(xT )

q̄B(xT )
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Why nu
lear 
orre
tions survive at high energy?

In the lab frame it is useful to think of PDFs as s
attering amplitudes.

Typi
al DIS spa
e-time regions in the target rest frame as derived from

un
ertainty prin
iple:

DIS pro
eeds near the light 
one: t2 − z2 ∼ Q−2
and r⊥ ∼ Q−1

.

Chara
teristi
 DIS time and longitudinal distan
e t ∼ z ∼ L = (Mx)−1

NOT small in hadroni
 s
ale (in the target rest frame) ⇒ the reason for

nu
lear e�e
ts to survive even at high Q2
.

L has to be 
ompared with average distan
e between bound nu
leons r
NN

⇒ two di�erent kinemati
al regions:

L < r
NN

(or x > 0.2) ⇒ Nu
lear DIS ≈ in
oherent sum of 
ontributions

from bound nu
leons.

L ≫ r
NN

(or x ≪ 0.2) ⇒ Coherent e�e
ts of intera
tions with a few

nu
leons are important.
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Understanding the nu
lear 
orre
tions

In the lab frame it is useful to think of PDFs as s
attering amplitudes.

Two di�erent me
hanisms of DIS:

(I) Quasielasti
 s
attering o� bound

quark. This pro
ess dominates at

intermediate and large values of x and

the stru
ture fun
tions are determined

by the quark wave (spe
tral) fun
tions.

t1 t2

Nu
lear e�e
ts are due to averaging

with nu
leon distributions in a nu
leus.

(II) Conversion γ∗

→ qq̄ with subsequent

propagation of a qq̄ state dominates at small

x sin
e the life time of a qq̄ state grows as

(Mx)−1
. The stru
ture fun
tions are

determined by quark s
attering amplitudes.

t1 t2

Nu
lear e�e
ts are due to propagation of qq̄
state in nu
lear environment.

Note that (II) will dominate at small values of Bjorken x while (I) will be relevant at

large x.
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Modelling nu
lear 
orre
tions

A quantitative model of nu
lear 
orre
tions:

S.K. & R.Petti, Nu
l.Phys.A765 (2006) 126

qA = q
in
oh

+ δ

oh

q + δ
MEC

q

In
oherent s
attering 
ontribution: q
in
oh

=
∫

dydp2 fN/A(y, p
2)qN (x/y,Q2, p2)/y

fN/A is the bound nu
leon distribution. The 
al
ulations of fN/A were

dis
ussed intensively starting from the work of INR group S.V.Akulini
hev,

G.M.Vagradov, SK (1984).

qN (x,Q2, p2) = qN (x,Q2)(1 + δf p2
−M2

M2 ) is the parton distribution in a

nu
leon with four-momentum p.

δf is a fun
tion des
ribing o�-shell behavior of PDF

δ

oh

q is a 
orre
tion from 
oherent multiple s
attering e�e
t of propagation

of intermediate states. Relevant at small x.

δ
MEC

q is a meson-ex
hange 
urrent 
orre
tion
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Model 
td.

Shape a quantitative model

We aim to determine the unknown o�-shell fun
tion δf(x) and e�e
tive

s
attering amplitude aT of intermediate hadroni
 
omponent of virtual

photon in a �t to data on nu
lear DIS.

In parti
ular we study the ratios R2(A/B) = FA
2 /FB

2 in DIS region for a

variaty of targets. The data are available for A/2H and A/12C ratios (overall

about 560 points for data before 1996).

Verify the model by 
omparing the 
al
ulations with data not used in analysis

(newer measurements).
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Results

The x, Q2
and A dependen
ies of the nu
lear ratios are reprodu
ed for all

studied nu
lei (

4
He to

208
Pb) in a 4-parameter �t with χ2/d.o.f. = 459/556.

Global �t to all data is 
onsistent with the �ts to di�erent subsets of nu
lei

(light, medium, heavy nu
lei).

Parameters of the o�-shell fun
tion δf and e�e
tive amplitude aT are

determined with a good a

ura
y.

For detailed dis
ussion and 
omparison with data see S.K. & R.Petti, Nu
l Phys

A765(2006)126.

Ñ.Êóëàãèí (ÈßÈ �ÀÍ) Nu
lear PDFs 10 / 16



Nu
lear 
orre
tions for C-even vs. C-odd PDFs

Relative nu
lear 
orre
tions for C-even q+0 = u+ d+ ū+ d̄ and C-odd
q−0 = u+ d− ū− d̄ 
al
ulated for

184W/D at Q2 = 20 GeV

2
.
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Nu
lear antiquarks

Nu
lear 
orre
tions for antiquark distribution δRsea = δq̄A/q̄N are dire
tly derived

from those for C-even q + q̄ and C-odd q − q̄ = qval PDFs

δRsea = δR+ +
qval/N(x)

2q̄N (x)

(

δR+
− δR−

)
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Note a partial 
an
ellation between pion and shadowing e�e
ts for nu
lear

antiquark distribution for large x ∼ 0.05− 0.15.
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Nu
lear 
orre
tions for Drell-Yan produ
tion 
ross se
tions

DY pro
ess 
ross se
tion ∝
∑

e2q
[

qB(xB)q̄
T (xT ) + q̄B(xB)q

T (xT )
]

. The

kinemati
 variables are related as Q2 = sxBxT . For E772 kinemati
s

s ≈ 1600 GeV

2
.
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Comparison with E772 data
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Detailed 
ompasison for ea
h of Q2
-bins
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Summary

A detailed semi-mi
ros
opi
 model of nu
lear DIS was developed whi
h

in
ludes the QCD treatment of nu
leon stru
ture fun
tion and addresses a

number of nu
lear e�e
ts su
h as shadowing, Fermi motion and nu
lear

binding, nu
lear pion and o�-shell 
orre
tions to bound nu
leon stru
ture

fun
tions

A quantitative study of existing data from 
harged lepton-nu
leus DIS has

been performed in a wide kinemati
 region of x and Q2
.

Note the importan
e of the nu
lear binding along with the o�-shell 
orre
tions

to the bound nu
leon stru
ture fun
tion. Those 
orre
tions are responsible for

a large fra
tion of nu
lear e�e
ts at intermediate and large Bjorken x.

Nu
lear e�e
ts on PDFs are not universal. We predi
t the dependen
e on C

parity and isospin.

The nu
lear DY pro
ess is also sensetive to partoni
 energy loss in nu
lei.

Good agreement with the Drell-Yan data from E772 and E866 experiments.

Here we note a 
an
ellation between di�erent nu
lear e�e
ts.
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