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Abstract

We re-evaluate the nuclear suppression of forward J/ψ production at high energy in the Color Glass Condensate
framework. We use the collinear approximation for the projectile proton probed at large x and an up to date dipole
cross section fitted to HERA data to describe the target in proton-proton collisions. We show that using the Glauber
approach to generalize the proton dipole cross section to the case of a nucleus target leads to a nuclear modification
factor much closer to LHC data than previous estimates using the same framework.
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1. Introduction

The study of forward J/ψ production in high energy
proton-proton and proton-nucleus collisions, which
probes the target at very small x, can provide valu-
able information on gluon saturation. Indeed, the charm
quark mass should be small enough to be sensitive to the
saturation scale. On the other hand, it is large enough to
provide a hard scale and thus to allow the use of a weak
coupling treatment. It also has a clean experimental sig-
nature so this process has been the subject of many ex-
perimental studies to date.

In this work we will study J/ψ production at for-
ward rapidities in proton-proton and proton-nucleus col-
lisions at the LHC in the Color Glass Condensate (CGC)
framework, using the color evaporation model (CEM)
to treat hadronization. Since we work at forward rapid-
ity, where the projectile is probed at large x and the tar-
get at small x, we will use the “hybrid model” in which
the projectile proton is treated as dilute and is described
in terms of usual collinear parton distribution functions
(PDFs). The collinear gluon emitted can then split into
a cc̄ pair either before or after the interaction with the
target. These partons are then assumed to eikonally
interact with the target, picking up a Wilson line fac-

tor in either the adjoint or the fundamental representa-
tion, depending on the particle. The cross section for
cc̄ pair production is then described in terms of Wil-
son line correlators containing the information on the
dense target. The same Wilson line correlators appear in
calculations of other processes, such as total DIS cross
sections, single and double inclusive particle production
in proton-proton and proton-nucleus collisions, diffrac-
tive DIS and the initial state for hydrodynamical model-
ing of heavy ion collisions. This framework has thus a
broad range of applications.

The modification of J/ψ production cross section
in proton-nucleus compared to proton-proton collisions
has been previously studied in the CGC framework [1].
However it was found that the nuclear suppression pre-
dicted by this calculation was much stronger than mea-
sured later at the LHC. In this work we re-evaluate this
quantity in the same collinear “hybrid” framework, us-
ing a more careful treatment of nuclear geometry neces-
sary to go from the description of a proton to the one of
a nucleus in the CGC framework. This is motivated by
the fact that it was observed for example in single inclu-
sive light hadron production [2] that the disagreement
of previous CGC calculations [3] with LHC data was
mostly due to nuclear geometry effects. We also use the
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more recent dipole cross sections which were obtained
in Ref. [2].

2. Formalism

In this work we use the simple color evaporation
model (CEM) to describe the hadronization of the cc̄
pair into a J/ψ meson. We note that it is also possible
to treat hadronization in a more elaborate way, for ex-
ample by using an expansion in terms of non-relativistic
QCD as was done in Ref. [4], but here we focus on the
importance of nuclear geometry. In the CEM a fixed
fraction of the cc̄ pairs, produced either in the color sin-
glet or octet state, whose invariant mass is below the
D-meson threshold, is assumed to hadronize into J/ψ
mesons. The differential cross section with respect to
the transverse momentum P⊥ and the rapidity Y of the
produced J/ψ reads

dσJ/ψ

d2 P⊥ dY
= FJ/ψ

∫ 4M2
D

4m2
c

dM2 dσcc̄

d2 P⊥ dY dM2 , (1)

Where mc is the charm quark mass, mD = 1.864 GeV
is the D meson mass and dσcc̄

d2 P⊥ dY dM2 is the cross section
for cc̄ pair production with transverse momentum P⊥,
rapidity Y and invariant mass M. The nonperturbative
constant FJ/ψ in Eq. 1 is related to the probability for
a cc̄ pair to transition to a J/ψ. In this work we will be
mostly interested in the nuclear modification factor RpA,
defined as

RpA =
1
A

dσ/ d2 P⊥ dY
∣∣∣
pA

dσ/ d2 P⊥ dY
∣∣∣
pp

, (2)

where dσ/ d2 P⊥ dY
∣∣∣
pp and dσ/ d2 P⊥ dY

∣∣∣
pA are the

cross sections in proton-proton and proton-nucleus col-
lisions respectively. Therefore for this observable FJ/ψ

plays no role and we don’t need to fix it.
The formalism for gluon and quark pair production

in the dilute-dense limit of the CGC has been studied
in detail in Refs. [5, 6] (see also Ref. [7]) and used in
several works, such as [8, 9, 1, 10]. In this framework,
when using the collinear approximation to describe the
gluon emitted by the projectile, the cross section for cc̄
pair production reads, in the large-Nc limit [1]:

dσcc̄

d2 p⊥ d2q⊥ dyp dyq
=

α2
s Nc

8π2dA

1
(2π)2

∫
k⊥

Ξcoll(p⊥ + q⊥, k⊥)
(p⊥ + q⊥)2

× φqq̄,g
y2=ln 1

x2

(p⊥ + q⊥, k⊥) x1Gp(x1,Q2) , (3)

where p⊥ and q⊥ are the transverse momenta of the
quarks, yp and yq their rapidities,

∫
k⊥
≡ ∫ d2 k⊥/(2π)2

and dA ≡ Nc
2 − 1 is the dimension of the adjoint repre-

sentation of SU(Nc). The expression for the “hard ma-
trix element” Ξcoll can be found in Ref. [1]. The longitu-
dinal momentum fractions probed in the projectile and
the target, x1 and x2, are

x1,2 =

√
P2⊥ + M2

√
s

e±Y . (4)

The propagation of the cc̄ pair in the color field of the
target is described by the function

φqq̄,g
Y

(l⊥, k⊥) =
∫

d2b⊥
Nc l2

⊥
4αs

S Y (k⊥) S Y (l⊥−k⊥) , (5)

where b⊥ is the impact parameter. The function S Y (k⊥)
is the fundamental representation dipole correlator in
the color field of the target and it contains all the in-
formation about the target. It reads

S Y (k⊥) =
∫

d2r⊥eik⊥·r⊥S Y (r⊥) , (6)

with

S Y (x⊥ − y⊥) =
1

Nc

〈
Tr U†(x⊥)U(y⊥)

〉
, (7)

where U(x⊥) is a fundamental representation Wilson
line in the color field of the target.

In the case of a proton target, where there is no ex-
plicit dependence of the dimensionless dipole amplitude
on the impact parameter, the following replacement is
made: ∫

d2b⊥ → σ0

2
, (8)

where σ0/2 corresponds to the transverse area of the
proton measured in DIS experiments. The function φqq̄,g

p,Y
then reads in this case

φqq̄,g
p,Y

(l⊥, k⊥) =
σ0

2
Nc l2

⊥
4αs

S Y (k⊥) S Y (l⊥ − k⊥). (9)

For the description of the gluon distribution in the
projectile proton Gp(x1,Q2), treated in the collinear
approximation, we use the MSTW 2008 [11] LO
parametrization since the remaining of our calculation
is done at leading order.

3. Dipole correlator

For the initial condition to the running coupling
Balitsky-Kovchegov equation [12, 13, 14] governing
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