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1. Introduction

2. Formalism
Let us start defining a UPC as a collision between two electric charges at impact parameters
such that b > R1 + R2 , where Ri is the radius of the charge i. In a UPC at high energies, it is well
known that the hadrons act as a source of almost real photons. Consequently, the exclusive meson
photoproduction in hadron-hadron collisions can be factorized in terms of the equivalent flux of
photons of the hadron projectile and photon-target production cross section [1],

σ (h1 + h2 → h1 ⊗V ⊗ h2 ) =

Z

dω


nh1 (ω )
σγ h2 →V ⊗h2 Wγ2h2 +
ω

Z

dω


nh2 (ω )
σγ h1 →V ⊗h1 Wγ2h1 (2.1)
,
ω

where n(ω ) is the equivalent photon spectrum and σγ h→V ⊗h (Wγ2h ) is the vector meson photoproduction cross section. Moreover, the photon energy ω and Wγ h , the c.m. energy of the γ h system,
√
√
√
are related by Wγ h = 4ω E, where E = s/2 and s is the hadron-hadron c.m. energy. The
equivalent photon spectrum is well known and is fully computed in QED [1]. The cross section for
the exclusive vector meson photoproduction can be expressed as follows

σ (γ h → V h) =

1
16π

Z 0

2

A γ h→V h (x, ∆) dt.

(2.2)

−∞

Here, the γ h interaction will be described within the dipole frame, where the probing projectile
fluctuates into a quark-antiquark pair with transverse separation r (and momentum fraction z),
which scatters off the hadron target and then forms a vector meson at the final state. If the lifetime
of the dipole is much larger than the interaction time, a condition which is satisfied in high energy
collisions, the scattering amplitude A γ h→V h (x, ∆) can be written as [2],
A γ h→V h (x, ∆) = i

Z

dz d 2 r d 2 bh [ΨV ∗ (r, z) Ψ (r, z)]T e−i[bh −(1−z)r]·∆ 2 Nh (x, r, bh ),

(2.3)

where ΨV ∗ (r, z) and Ψ (r, z) are the wave functions of the photon and of the vector meson, respectively. The overlap function [ΨV ∗ (r, z) Ψ (r, z)]T describes the fluctuation of the photon with
1
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The advent of the high-energy colliders has motivated the study of the hadron structure at high
energies. In such scenario, a hadron becomes a dense system and the nonlinear effects inherent
to the QCD dynamics may become visible. Such regime can be studied in γ A interactions at the
LHC, present in ultraperipheral collisions (UPC). The main advantage of using colliding hadrons
and nuclear beams for studying photon induced interactions is the high photon-hadron center-ofmass energy and luminosities achieved at LHC. Consequently, studies of γ A interactions at the
LHC could provide valuable information on the QCD dynamics at high energies. During the last
years, the LHC has provided data on vector meson photoproduction at Run 1 energies and in this
year at Run 2 energies. The Run 2 at the LHC has already produced PbPb collisions and more
data in hadronic collisions are expected in the next years. These collisions are now performed at
energies which are a factor 2 larger than those of Run 1. Here, our goal is to analyze the theoretical
uncertainties on the predictions for the photoproduction of light and heavy vector mesons in PbPb
collisions at the LHC using the color dipole approach.
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2

σdip (x, r ) = 2

Z

d 2 b p N p (x, r, b p ),

(2.5)

where TA (bA ) is the nuclear thickness. The above equation sums up all the multiple elastic rescattering diagrams of the qq pair and is justified for large coherence length, where the transverse
separation r of partons in the multiparton Fock state of the photon becomes a conserved quantity,
i.e. the size of the pair r becomes eigenvalue of the scattering matrix.

3. Results
Before presenting the predictions for the vector meson production we will compute NA considering the different models for the dipole-proton scattering amplitude discussed previously. In
Fig.1 we show the results for the nuclear scattering amplitude take into account the IIM, bCGC and
IP-SAT models considering different values of the impact parameter bA . As expected, NA saturates
faster for central collisions than for large impact parameters. Moreover, the deviation between the
predictions is small. This is directly associated with the model for NA , given by Eq.(2.4), which
is the same in all three cases. The future experimental data on vector meson photoproduction in
PbPb collisions will be useful to test this model of NA .
In Fig.2 we present our predictions [12] (which are a complement the predictions presented
√
in Ref.[13]) for the exclusive photoproduction of ρ and J/Ψ in PbPb collisions at s = 5.02
TeV. As we can see the difference between the predictions is not large, as expected from Fig.1. In
particular, at central rapidities the bCGC and IP-SAT parameterizations deliver quite similar results.
Moreover, in Fig.2 we compare our results with the recent preliminary data on ρ photoproduction
at central rapidity released by ALICE Collaboration [14]. We can verify that the color dipole
2
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transverse polarization into a color dipole and the subsequent formation of the vector meson. All
the information about the strong interactions in the process is encoded in the forward dipole-hadron
scattering amplitude Nh (x, r, bh ). The variable bh stands for the impact parameter, the separation
between the dipole center and the target center, x = MV2 /W 2 is the Bjorken variable and ∆ is related
√
to the momentum transfer squared by ∆ = −t. In the numerical evaluations in next section, we
have considered the Boosted Gaussian (BG) [3] and the Light-Cone Gaussian (LCG) [4] wavefunctions and the phenomenological models for dipole scattering amplitude: IIM [5], bCGC [6, 2]
and IP-SAT [7] models, which encode the main properties of the saturation approaches. Such models are based on the Color Glass Condensate formalism and describe the HERA data taking into
account the nonlinear effects in the QCD dynamics. We have considered the set of parameters
for the IIM and bCGC parameterizations from Ref.[9]. The IP-SAT model uses an eikonalized
form for N p that depends on a gluon distribution evolved via DGLAP equation. In this work we
calculated the IP-SAT predictions using a FORTRAN library provided by the authors of Ref.[10],
which includes an updated analysis of combined HERA data. In order to estimate γ A process,
we need to adapt the phenomenological models described above to the nuclear case. We will assume the model proposed in Ref.[11] that contains the impact parameter dependence, where the
dipole-nucleus scattering amplitude is written as


1
2
(2.4)
NA = 1 − exp − σdip (x, r ) TA (bA ) ,
2
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Figure 1: Dipole-nucleus scatering amplitude as a function of r2 for fixed values of b and different values
of x (A = Pb).

ρ
5.26 - 7.04 b

√
PbPb ( s = 5.02 TeV)

J/Ψ
18.24 - 24.47 mb

Table 1: The total cross sections of the photoproduction of ρ and J/Ψ in PbPb collisions at the Run 2 LHC
energies.

predictions overestimate the data. This result is an indication that other effects, not included in
our analysis, should be included at least for this final state. Some possibilities are the inclusion
of shadowing corrections [8] or absorption corrections [15]. Another possible conclusion is that
the treatment of the dipole-nucleus interaction, described here by the model presented in Eq.(2.4),
should be improved.
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Figure 2: Rapidity distributions for the photoproduction of ρ and J/Ψ in PbPb collisions at
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Finally, in order to estimate the dependence of our results on the models used (for the dipole
scattering amplitude and for the vector meson wavefunctions), we present in Tab.1 the lower and
upper bounds of our predictions for the total cross sections. As expected from the analysis of the
rapidity distributions, the largest uncertainties are presented in the ρ production. Additionally, the
cross sections for PbPb collisions decrease with the mass of the vector meson.
3
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4. Summary
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We have presented predictions for the exclusive ρ and J/Ψ photoproduction in PbPb collisions. Our results demonstrated that cross section for the light meson production is larger than
the heavy meson one. Moreover, the light meson production suffers from the largest theoretical
uncertainties on the predictions. The comparison with the preliminary experimental data on the ρ
production in PbPb collisions indicated that the current color dipole description overestimate the
data. This can be interpreted as an indication that a more careful treatment of the dipole-nucleus
interaction and/or another effects as shadowing and absorptive corrections should be incorporated
to the formalism.

