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Shadowing : a cold nuclear matter effect
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Figure 1. Diagram of leptoproduction on a nucleus through virtual photon exchange.
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Figure 2. Schematic behaviour of RA
F2

(x, Q2) as a function of x for a given fixed Q2.

(see [1, 2, 10, 11, 12] for previous experimental results), confined to a limited region of
not very low x and small or moderate Q2 (and with a strong kinematical correlation

between small x and small Q2, see Fig. 3), indicate that: i) shadowing increases with

decreasing x, though at the smallest available values of x the behaviour is compatible

with either a saturation or a mild decrease [8]; ii) shadowing increases with the mass

number of the nucleus [6]; and iii) shadowing decreases with increasing Q2 [7]. On

the other hand, the existing experimental data do not allow a determination of the
dependence of shadowing on the centrality of the collision.

In the region of small x, partonic distributions are dominated by sea quarks and

gluons. Thus isospin effects, partially corrected in practice by the use of deuterium as

at a given Q2 :
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Shadowing models / experiment’s goal 
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CF-like approach [1, 2] EKS-like approach [3]

When considering shadowing as the sole nuclear effect :

Favorite experimental observable = nuclear modif. factor :

RpA =
dNJ/ψ

pA

〈Ncoll〉 dNJ/ψ
pp

σpA = RA
shadow × 〈Ncoll〉σpp

correction factor



How is the shadowing predicted? 
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CF-like approach EKS-like approach
physical origin described using 
multiple scattering formalism

use data to parametrize  ______ 
and DGLAP to get it at       Q2 > Q2

0

RA
shadow(b, y, pT ) =

1
1 + NA(b). F (y, pT ) 1 +

NA(b)
< NA >

×
[
RA

g (x,Q2)− 1
]

RA
shadow(b, x,Q2) =

RA
i (x,Q2

0)

accounts for initial 
interactions between gluons

accounts for the gluon PDF 
modification in nucleus
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How is the shadowing predicted? 
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CF-like approach EKS-like approach
physical origin described using 
multiple scattering formalism

use data to parametrize  ______ 
and DGLAP to get it at       Q2 > Q2

0

RA
shadow(b, y, pT ) =

1
1 + NA(b). F (y, pT )

RA
shadow(b, x,Q2) =

number of nucleons 
that contributes to 

shadowing at b 

average value of N A

/155

z ⊗ 

b

nucleon tr. size 
σtr = 3.94 fm2

random spatial position of A nucleons following 
Wood-Saxon density profile

assumption : coherent 
interaction between parton i ∈ p 
and all partons ∈ A along its path

1 +
NA(b)
〈NA〉 ×

[
RA

g (x,Q2)− 1
]



Where is the pT dependence ?
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CF-like approach EKS-like approach
explicit dependence : for the charmonia production, 

relate _______ to 

our choice :

with

‣ often used in litterature
‣ ____             with non-zero initial 

gluon pT

scale chosen accordingly : 

with 

(x1, x2) (y, pT )
F (y, pT )

mT =
√

m2 + p2
T

x1,2 =
mT√
sNN

e±y

g + g → cc̄

mc = 1.2 GeV/c2

Q2 = (2mc)2 + (pT )2



Our Monte-Carlo approach for J/ψ production
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Glauber MC 

Random :
• b according to 2π b db
• position of nucleons ∈ A, B
according to Woods-Saxon

σNN = 42mb

at √sNN = 200 GeV

Cu+Cu

1 N-N collision if :
 π d² < σNN

J/Ψ?

J/Ψ candidate produced
• according to σJ/Ψ ≤ σNN

with random :
• y and pT according to p+p data

• random pT orientation φ 
uniformly distributed in [0, 2π]

For each N-N 
collision 

computed using CF or EKS

Kinematics for J/Ψ candidate:
y, pT, φ, M ⇒ px , py , pz , E

2

y                                                           -2 0 2

/d
y 
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-µ+µ -> ψJ/
-e+ -> eψJ/

PYTHIA - GRV98LO
PYTHIA - GRV94HO
NRQCD - MRSTHO
NRQCD - CTEQ5M
NRQCD - CTEQ6M

Global scale uncertainty: 10.1%

-µ+µ -> ψJ/
-e+ -> eψJ/

PYTHIA - GRV98LO
PYTHIA - GRV94HO
NRQCD - MRSTHO
NRQCD - CTEQ5M
NRQCD - CTEQ6M

1
J/Ψ canditate ⇒ real J/Ψ if :

random[0,1] < Rshadow × σJ/Ψ / σNN

3

Nuclear modif. factor = 
dN real J/Ψ / dN J/Ψ canditate



Results :1) RdAu vs y
Larger amount of anti-
shadowing for EKS

Adding pT : small 
effect because 
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For EKS : larger pT ⇒ larger Q2

➡ smaller       in anti-shadowing region ⇒ smaller RdAu ...
For CF :                 monotonic function, increasing with y, decreasing with pT

〈pT 〉 < 2 GeV/c < mJ/ψ

RA
g

F (y, pT )

Nucl. Phys. A696 (2001) 729-746



Results : 2) RdAu vs Ncoll
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Adding pT : small 
effect 

Remarkable 
difference between 
CF and EKS at 
y<0 :

diff. amount of 
anti-shadowing in 
each model



Results : 3) RdAu vs pT

Up to 20% 
amplitude variation 
with pT

EKS : stronger pT 
dependence

Striking : opposite 
behaviour for CF vs 
EKS at y<0
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Comparison to the data [1]

PHENIX data (2003) : 
400 + 1250 J/ψ

predicted RdAu 
overshoot the data 
need a break-up cross-
section
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[1] PHENIX, Phys. Rev. C77, 024912 (2008)

|y| < 0.35 : J/ψ → e+e−

1.2 < |y| < 2.2 : J/ψ → µ+µ−

Bar = pt-to-pt uncorrelated err. (stat. + syst.)
Box = pt-to-pt correlated err. (syst.)



Comparison to the data

Good matching 
obtained for both 
models

But with diff. values of 
σbreak-up
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Comparison to the data

data with large 
uncertainties and limited 
range in pT

at y<0, EKS seems to not 
match the trend

crude matching elsewhere 

at y>1.2, both models 
seem to have a smaller 
slope than seen in the 
data
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Glauber MC (no dynamic) 
+ (y, pT) spectra from input pp data 
+ two different shadowing models

First results for the pT dependence of the J/ψ shadowing

In general : more suppression in CF than in EKS shadowing

But at y≈−1.7 for RdAu vs pT : increasing for CF, decreasing for EKS 
shadowing

Open questions
Vanishing break-up cross-section at high energies ? [A. Capella et al., 
arXiv:0712.4331]

... 

Summary
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High statistics (> 30×Run3) dAu from RHIC Run8
Shadowing in AA as predicted by our Monte-Carlo
Recent (x, Q2) parametrisations of nPDF/A×PDF

NLO [de Florian & Sassot, Phys. Rev. D69:074028]

updated constrains on low−x gluon PDF from RHIC data         
[Eskola, Paukkunen & Salgado, arXiv:0802.0139]

Use a better way to relate (y, pT) to (x1, x2) 
from g + g → J/ψ + g cross-section computation [Haberzettl & 
Lansberg, PRL 100, 032006 (2008)]

allows to free the MC from any pp data input 
➡ predictions at LHC energies
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Outlook



BACK-UP



Range in x, Q2 covered by the 
available data
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Figure 3. Plot on the left: Kinematical range in the x-Q2 plane probed in nuclear
DIS [4, 5, 6, 7, 8, 9, 10, 11, 12] and Drell-Yan [13] processes, and in d-Au at forward
rapidities [14, 15] at RHIC. [Figure taken from [16].] Plot on the right: The average
values of x and Q2 of the DIS data from the New Muon Collaboration [4, 5, 6, 7]
(triangles) and E665 [8, 9] (diamonds) in l-A, and of x2 and M2 of the Drell-Yan
dilepton data [13] (squares) in p-A. The heavy quark mass scales are shown by
the horizontal dashed lines. Those lines labeled saturation indicate the estimated
saturation scale in proton and Pb. The different bands and lines show the values of x
and Q2 which are or will be probed in Drell-Yan or heavy flavour production at SPS,
RHIC and LHC, for rapidities different from central ones when indicated. [Figure
taken from [17].] See also the text in Subsection 2.3 and in Section 5.

reference and of isoscalar nuclei, are negligible and will not be discussed in the following.

In most approaches, the origin of the depletion of the nuclear ratios in this region is

related with the hadronic behaviour of the virtual photon [18]. This resolved hadronic

component of the photon wave function at high collision energies - equivalent to small
values of x, see (2) - and at relatively low values of Q2, will interact several times with

the different nucleons in the nucleus i.e. will experience multiple scattering. As I will

discuss in the next Section, this results in a reduction of the corresponding cross sections

- shadowing, related to the structure functions through

F A
2 (x, Q2) =

Q2(1 − x)

4π2αEM
σγ∗−A , (3)

with αEM the fine structure constant. Thus, the phenomenon of multiple scattering is

sometimes referred to as shadowing corrections.

The importance of the phenomenon of nuclear shadowing is twofold: First,

on the theoretical side it offers an experimentally accessible testing ground for our

understanding of Quantum Chromodynamics (QCD) in the high-energy regime [19].
Multiple scattering is unavoidable in a quantum field theory as a consequence of such

a basic requirement of the theory as unitarity. The nuclear size gives the possibility



Constraints on the CNM effects (I)

CNM effects = 

shadowing (EKS) + σcc break-up 

 

RdAu vs y

Best fit : 
large uncertainties

consistent with lower energy value 
at CERN-SPS 4.2±0.5 mb
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Box = pt-to-pt correlated err. (syst.)

Global err. = quoted on the fig.
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FIG. 8: (color online) RdAu data compared to various the-
oretical curves for different σbreakup values. Also, shown as
a band are the range of σbreakup found to be consistent with
the data within one standard deviation. The top panel is a
comparison for EKS shadowing [12], while the bottom panel
is for NDSG shadowing [13].

as deep inelastic scattering from various nuclear targets
and the resulting F2(A) structure functions. A geometric
parametrization of these PDFs based on the path of the
parton through the nucleus is described in [17] and [3].
One can test this geometric dependence by comparison
with the d+Au nuclear modification factors as a function
of Ncoll. Using this geometric dependence, the most prob-
able σbreakup is calculated independently in three rapidity
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FIG. 9: (color online) RdAu data as a function of Ncoll

for three different rapidity ranges. Overlayed are theoreti-
cal curves representing the best fit σbreakup values as deter-
mined in each rapidity range separately, utilizing EKS and
NDSG nuclear PDFs and a simple geometric dependence.
Also, shown as bands are the range of σbreakup found to be
consistent with the data within one standard deviation.

ranges (see Table V). The corresponding nuclear modifi-
cation values and their one standard deviation bands are
shown as a function of Ncoll in Figure 9. The two calcu-
lations with EKS and NDSG nuclear PDFs yield almost
identical bands since the same geometric dependence is
used in both cases. However, each band represents a dif-
ferent balance of modification due to the nuclear PDF

σbreakup = 2.8+1.7
−1.4 mb



Constraints on the CNM effects (II)
CNM effects = 

shadowing (EKS) + σcc break-up 

RdAu vs Ncoll

constraints the geometric 
parametrization of the 
nPDF wrt the location of the 
parton in the nucleus

σcc break-up :
large uncertainties

different values obtained

consistent with the value from RdAu 
vs y

19
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is for NDSG shadowing [13].
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parton through the nucleus is described in [17] and [3].
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of Ncoll. Using this geometric dependence, the most prob-
able σbreakup is calculated independently in three rapidity
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FIG. 9: (color online) RdAu data as a function of Ncoll

for three different rapidity ranges. Overlayed are theoreti-
cal curves representing the best fit σbreakup values as deter-
mined in each rapidity range separately, utilizing EKS and
NDSG nuclear PDFs and a simple geometric dependence.
Also, shown as bands are the range of σbreakup found to be
consistent with the data within one standard deviation.

ranges (see Table V). The corresponding nuclear modifi-
cation values and their one standard deviation bands are
shown as a function of Ncoll in Figure 9. The two calcu-
lations with EKS and NDSG nuclear PDFs yield almost
identical bands since the same geometric dependence is
used in both cases. However, each band represents a dif-
ferent balance of modification due to the nuclear PDF



The pT-broadening picture
<pT

2> vs Npart

flat or moderate 
broadening

if brodened, 
what origin(s) ?

• cold effect 
(shadowing, 
Cronin)

• hot effect 
(recombination)

20

Bar = pt-to-pt uncorrelated err. (stat. + syst.)
Box = pt-to-pt correlated err. (syst.)

5

uncertainty and some p+p systematic errors that do not
cancel when forming RAA.
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FIG. 2: (color online) The
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p2
T

〉

vs Npart for J/ψ production
in Cu+Cu, p + p [15], d+Au [16] and Au+Au [18] collisions
at mid (left) and forward (right) rapidity.
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FIG. 3: (color online) RAA vs pT (left) and y (right) for J/ψ
production in the most central Cu+Cu collisions.

Results for the two muon arms agree within uncertain-
ties and are combined where appropriate. Fig. 1 shows
the J/ψ yield vs pT for different Cu+Cu centrality classes
at mid and forward rapidity. As was done previously for
the Au+Au case [18], the mean square transverse mo-
mentum,

〈

p2
T

〉

, was calculated numerically from the data
for pT < 5 GeV/c. The Cu+Cu data are plotted vs
Npart and compared with the corresponding values from
Au+Au [18], d+Au [16] and p+p [15] collisions in Fig. 2.
Within uncertainties, the data for Cu+Cu and Au+Au
agree where they overlap in Npart, and the

〈

p2
T

〉

for the
Cu+Cu data is independent of Npart.

The RAA values vs pT and rapidity are shown in Fig. 3
for the 0–20% most central Cu+Cu collisions. We see
similar behavior for mid and forward rapidity, and there
appears to be no pT dependence in all centrality classes.
The RMS width of the rapidity distribution (evaluated

directly from the data) is identical, within ∼ 2− 3% un-
certainties, in p + p collisions and in all centrality classes
for Cu+Cu collisions.
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FIG. 4: (color online) (a,b) RAA vs Npart for J/ψ production
in Cu+Cu and Au+Au [18] collisions. (c) Forward/mid ra-
pidity RAA ratio. The curves are predictions from ad hoc fits
to d+Au data [16] and are discussed in the text.

RAA vs Npart in Cu+Cu and Au+Au [18] collisions
is presented in Fig. 4(a,b), showing the same behaviour
for Cu+Cu and Au+Au at comparable values of Npart.
Fig. 4(c) contains the ratio of forward/mid rapidity
RAAvalues, where the systematic error in Ncoll cancels.

Theoretical calculations [19] including only modified
initial parton distribution functions and an added J/ψ−
N breakup cross section were fitted in [16] to d+Au J/ψ
RAA data. The fit was made simultaneously to all ra-
pidities by optimizing the breakup cross section. The
EKS [21] and NDSG [22] shadowing models were used.
The ratio of forward/mid rapidity RAA values for heavy
ions calculated from fits to d+Au data in [16] is approx-
imately 1.05, with very weak Npart dependence, and is
independent of the fitted breakup cross section. The ra-
tio is determined entirely by the shadowing model. Thus
the fits do not address the question of how the d+Au data
constrain the cold nuclear matter contribution to the for-
ward/mid rapidity RAA ratio for Cu+Cu and Au+Au.
To explore this, we used a data-driven ad hoc model to
parameterize the d+Au data [16]. The ad hoc model



pT-broadening due to random walk ?
<pT

2> vs L
random walk of the 
initial gluons in the 
transverse plane

at mid-y : slope 
compatible with zero

p1 = 0.011 ± 0.046

at forward-y :

p1 = 0.093 ± 0.034

compatible with 
mid-y

21

〈
p2

T

〉
AA

=
〈
p2

T

〉
pp

+ ρ0 σg−N ∆p2
T × "LAA

p0 p1

{ {
[R. Granier de Cassagnac, QM08]

mid-y forward-y


