
SHADOWING EFFECTS AND 

J/ψ PRODUCTION @ PT ≠ 0
Andry Rakotozafindrabe

CEA (Saclay) IRFU/SPhN

E. G. Ferreiro, F. Fleuret, J.-P. Lansberg and A. R.
paper under preparation

Hot Quarks Workshop - August 2008



Why are we interested in the J/ψ yield ? 
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     resonances : early production ⇒ hard probes of the medium
Hot (QGP) effects :

melting/screening, dissociation by hard free g
secondary in-medium production ( recombination )

cc̄

Cold nuclear matter (CNM) effects :
initial-state ( shadowing, ... )
final-state ( nuclear “absorption”, ... )



Shadowing : a cold nuclear matter effect
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DIS 
lepton Processes used to probe :

 nucleon struct. f. 

 with ________   = PDF and _________

 nuclear struct. f. per nucleon

F2 =
∑

i

e2
i . xfi(x,Q2)

(Anti-)shadowing :
initial-state effect “calibrated” in d(p)+A 
refers to low−x region
coherence effect 

(enhances) decreases            wrt
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Shadowing models / experiment’s goal 
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[1] Eskola, Kolhinen & Ruuskanen, Nucl. Phys. B535, 351 (1998)
[2] Eskola, Kolhinen & Salgado, Eur. Phys. J. C9, 61 (1999)
[3] Vogt, Phys. Rev. C71, 054902 (2005) 

many models on the market : for e.g. EKS-like approach [1, 2, 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

/21



How is the shadowing predicted? 
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EKS-like approach
use data to parametrize  ______ 
and DGLAP to get it at       Q2 > Q2

0

1 +
NA(b)

< NA >
×

[
RA

g (x,Q2)− 1
]

RA
shadow(b, x,Q2) =

RA
i (x,Q2

0)

accounts for the gluon PDF 
modification in nucleus

5

Range in x, Q2 covered by the 
available data

Nuclear shadowing 4
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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

d’Enterria, Eur. Phys. J. A31, 816 (2007)
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How is the shadowing predicted? 
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RA
shadow(b, x,Q2) =

number of nucleons 
that contributes to 

shadowing at b 

average value of N A

6

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
]

EKS-like approach
impact parameter dependence : 

pA collision

/21



Adding the pT dependence
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Intrinsic scheme
E. Ferreiro, F. Fleuret, A. R.

arXiv:0801.4949

                  with intrinsic gluon kT

4-mom conservation :

with

scale chosen accordingly : 

with 
input y and pT spectra from 
p + p data

(x1, x2) (y, pT )

x1,2 =
mT√
sNN

e±y

g + g → cc̄

mc = 1.2 GeV/c2

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

New !

hard production  process
physical constraints

cc̄

mT =
√

m2
J/ψ + p2

T
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Adding the pT dependence
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Intrinsic scheme Extrinsic scheme
E. Ferreiro, F. Fleuret, A. R.

arXiv:0801.4949
E. Ferreiro, F. Fleuret, J.-P. Lansberg, A. R. 

(in preparation)

                  with intrinsic gluon kT

4-mom conservation :

with

scale chosen accordingly : 

with 
input y and pT spectra from 
p + p data

                        with collinear inital 
gluons : pT is balanced by final gluon
4-mom conservation : 

prod. model successful in p+p needed 
for a proper weighting of each 
kinematically allowed                :

same scale as in the prod. model : 

(x1, x2) (y, pT )

x1,2 =
mT√
sNN

e±y

g + g → cc̄

mc = 1.2 GeV/c2

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

New !

hard production  process
physical constraints

cc̄

mT =
√

m2
J/ψ + p2

T

g + g → cc̄ + g

y, pT , x1 =⇒ x2 =
x1mT

√
se−y −M2

√
s (
√

sx1 −mT ey)

d4σ/dy dpT dx1dx2

Q2 = (mT )2

(x1, x2)
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Cross-section calculation in
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s-channel cut contributions [1] to the “basic” CSM :

take into account the dynamics of       in the bound state
need for 4-point coupling 

new degrees of freedom constrained by fits
so far the best description of low-pT data 

[1] H. Haberzettl et J. P. Lansberg,
PRL 100, 032006 (2008)

g + g → J/ψ + g

cc̄− J/ψ − g
cc̄

/21



Adding the pT dependence
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Intrinsic scheme Extrinsic scheme

(x1, x2) (y, pT )hard production  process
physical constraints

cc̄

fits
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Adding the pT dependence
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Intrinsic scheme Extrinsic scheme

fits
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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 

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

• x1, x2 determined from intrinsic 
or extrinsic scheme

For each N-N 
collision 

computed using EKS

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

21
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

/21



Andry Rakotozafindrabe (CEA Saclay) 13

Physical phase space and relative weighting of x1, x2 vs y in d+Au :
Our Monte-Carlo approach for J/ψ production

g + g → cc̄
initial g with intrinsic kT

collinear initial g ⇒ extrinsic mechanism 
needed to give pT≠0 to the J/ψ

g + g → cc̄ + g

consequence : different shadowing will be obtained !

/21



Results :1) RdAu vs y

Adding pT via the 
intrinsic scheme: small 
effect because 

Andry Rakotozafindrabe (CEA Saclay) 14
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Comparison to the data : 1) RdAu vs y

Good matching obtained 
for both schemes

But with diff. values of 
σbreak-up

intrinsic: same σbreak-up as 
the best estimate in 
PHENIX d+Au paper [1]

extrinsic: σbreak-up matches 
NA50 (SPS) value at lower 
energy !

Andry Rakotozafindrabe (CEA Saclay) 15

[1] PHENIX d+Au, Phys. Rev. C77, 024912 (2008)

intrinsic pT  vs extrinsic pT

RdAu

y

0 mb

2.8 mb

4.2 mb

2.8 mb
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Comparison to the data : 2) RdAu vs Ncoll
pT = 0 similar to intrinsic pT

16

PHENIX d+Au, Phys. Rev. C77, 024912 (2008)
several σbreak-up needed in intrisinc scheme to do the 
same job as extrinsic scheme with one single σbreak-up
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Comparison to the data : 2) RdAu vs pT

First predictions of RdAu 
vs pT

some ingredient missing 
in the model ?

like pT broadening ?

difficult to conclude 

need more precise data

17

intrinsic pT  vs extrinsic pT

Andry Rakotozafindrabe (CEA Saclay) 
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Cold effects in Au+Au : vs Npart
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Intrinsic scheme Extrinsic scheme

same CNM effects 
at both y

more suppression due 
to CNM effects at fwd y

Npart

RAuAu

Npart

RAuAu
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Cold effects in Au+Au : vs y

Andry Rakotozafindrabe (CEA Saclay) 19

Extrinsic scheme : 

less amount of 
recombination needed

intrinsic pT  vs extrinsic pT
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Glauber MC (no dynamic) 
+ intrinsic or extrinsic scheme for the J/ψ production
+ EKS shadowing model

First results @ pT ≠ 0 for the J/ψ shadowing at RHIC

Different shadowing obtained in extrinsic scheme g + g → J/ψ + g 

more suppression due to CNM effects at |y|~1.7 than at |y|~0 
in AuAu

➡ less amount of recombination needed

TO DO: in the extrinsic scheme, derive by fits to d+Au data the 
best break-up cross-section value and the corresponding error 

Summary

Andry Rakotozafindrabe (CEA Saclay) 20 /21



High statistics (> 30×Run3) dAu from RHIC Run8

Recent (x, Q2) parametrisations of nPDF/A×PDF
NLO [de Florian & Sassot, Phys. Rev. D69:074028]

EPS08 with updated constrains on low−x gluon PDF from RHIC 
data [Eskola, Paukkunen & Salgado, arXiv:0802.0139]

Predictions at LHC energies in the extrinsinc scheme 
Andry Rakotozafindrabe (CEA Saclay) 21

Outlook

will allow to discriminate 
intrinsic vs extrinsic schemes

/21



BACK-UP



Cold effects in Au+Au : vs pT

Andry Rakotozafindrabe (CEA Saclay) 23

Intrinsic scheme Extrinsic scheme
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Cold effects in Cu+Cu : extrinsic scheme
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Various models for the y spectra in p+p
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The pT-broadening picture
<pT

2> vs Npart

flat or moderate 
broadening

if brodened, 
what origin(s) ?

• cold effect 
(shadowing, 
Cronin)

• hot effect 
(recombination)

26

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
〈

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
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