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Abstract. Photonuclear reactions are induced by the strong electromagnetic
field generated by ultrarelativistic heavy-ion collisions. These processes have
been extensively studied in ultraperipheral collisions, where the impact param-
eter is larger than twice the nuclear radius. In recent years, the observation
of coherent J/ψ photoproduction at very low transverse momentum has been
claimed in nucleus−nucleus (A−A) collisions with nuclear overlap, based on
the measurement of an excess in the J/ψ yield with respect to hadroproduction
expectations. Such quarkonium measurements can help to constrain the nu-
clear gluon distribution at low Bjorken-x and high energy. The photoproduced
quarkonium is expected to preserve the polarization of the incoming photon
due to the s-channel helicity conservation. In this contribution, we report on
the new preliminary measurements of the y-differential cross section and the
first polarization analysis of coherently photoproduced J/ψ in peripheral Pb−Pb
collisions with the ALICE detector at forward rapidity in the dimuon decay
channel. Comparison with models will be shown when available.

1 Introduction
A coherent J/ψ photoproduction observation has been reported for the first time by the ALICE
Collaboration in nucleus−nucleus (A−A) collisions with nuclear overlap at very low trans-
verse momentum (pT) [1]. Coherent vector meson photoproduction is a well-established pro-
cess in ultraperipheral collisions (UPCs), but its observation in Pb−Pb collisions with nuclear
overlap raises several theoretical challenges, for instance on the survival of the coherence
condition when the colliding nuclei are broken by the hadronic interaction. This process is
also a valuable tool for studying the nuclear gluon distribution in the poorly-known region
of low Bjorken-x [2]. The determination of J/ψ polarization at low pT is crucial in verifying
the origin of the observed excess yield. Due to the conservation of s-channel helicity, the
produced quarkonium is expected to preserve the polarization of the incoming photon [3].
The coherent J/ψ photoproduction cross section was measured as a function of centrality in
Pb−Pb collisions with nuclear overlap [4]. Reproducing the collision-centrality dependence
of the J/ψ photoproduction cross section remains challenging for most of the available mod-
els, as the photon flux and the photonuclear cross sections used as input to the calculations
can strongly be affected by the presence of a nuclear overlap. To further constrain theoretical
models, additional differential measurements are required. For instance, a strong rapidity (y)
dependence is expected from models (see for example [5]), especially in the forward rapidity
region 2.5 < y < 4.
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2 Experiment and analysis

The ALICE detector is described in detail in [6]. In the presented results, the J/ψ is studied
in the dimuon decay channel with the ALICE muon spectrometer. The muon spectrometer
consists of five tracking and two triggering stations. An iron wall is located between the last
tracking and the first triggering station to filter muons. A front absorber is located between the
interaction point and the first tracking station, to suppress the hadronic background. The cross
section and polarization analyses are conducted in Pb−Pb collisions at

√
sNN = 5.02 TeV in

the 70−90% centrality range. The event and track selections are the same as in the previous
measurement [4]. The used data sample has an integrated luminosity of 756 ± 19 µb−1.
The J/ψ yield is extracted by fitting the opposite sign dimuon invariant mass distribution.
The polarization is measured through a fit to the dimuon angular distribution in order to
extract the three polarization parameters (λθ, λϕ, λθϕ) in the helicity frame where the J/ψ flight
direction in the lab frame is the polarization axis. The set of parameters (λθ, λϕ, λθϕ) = (1, 0, 0)
corresponds to transverse polarization. A further explanation of the polarization parameters
and the fit function is available in [7].

3 Results and discussion

The J/ψ raw yield is extracted in six rapidity intervals at forward rapidity 2.5 < y < 4
in Pb−Pb collisions at

√
sNN = 5.02 TeV in the 70−90% centrality range. The re-

sulting pT-differential J/ψ raw yield is displayed in the left panel of Fig. 1. The right
panel of Fig. 1 shows the measurement of the corresponding nuclear modification factor
RJ/ψ

AA = (1/ < TAA >) × dYJ/ψ
AA/dpT/dσ

J/ψ
pp /dpT , where < TAA > and YJ/ψ

AA are the average nu-
clear overlap function and the invariant J/ψ yield in A−A collisions, respectively, while σJ/ψ

pp
is the hadronic J/ψ cross section in proton−proton collisions at the same energy. The RAA
decreases as the rapidity increases and exhibits a significant rise at low pT.
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Figure 1. The pT-differential J/ψ raw yield distribution (left) and the J/ψ nuclear modification factor
RAA as a function of pT (right) in Pb−Pb collisions at

√
sNN = 5.02 TeV in the 70−90% centrality range,

for several rapidity intervals.

For pT < 0.3 GeV/c, the J/ψ hadronic yield in Pb−Pb collisions is estimated via a
data driven approach that uses as inputs the J/ψ hadronic cross section in pp collisions, the
J/ψ RAA, and the hadronic J/ψAcceptance x Efficiency (A×ϵ) in Pb−Pb collisions. A signifi-
cant J/ψ excess over the expected hadronic yield is observed in the raw J/ψ yield distribution
for pT < 0.3 GeV/c. The excess yield along with the rise in the RAA indicates that photo-
production occurs at low pT. To obtain the coherent J/ψ photoproduction yield, the excess
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Figure 2. The forward y-differential coherent J/ψ photoproduction cross section in Pb−Pb collisions
at
√

sNN = 5.02 TeV in the 70−90% centrality range, and for pT < 0.3 GeV/c, compared to GG-hs [9],
Zha [10], and GBW/IIM [5] (left) and the three scenarios of the GBW/IIM [5] model (right).

yield is then corrected for the fraction of incoherent J/ψ ( fI) and coherent J/ψ from coherent
ψ(2S) feed down ( fD), taken from UPC measurements [8]. In order to calculate the coherent
J/ψ photoproduction cross section, the coherent yield is corrected for A × ϵ assuming trans-
verse polarization and divided by the J/ψ branching ratio in the dimuon decay channel and
the integrated luminosity.

Several J/ψ photoproduction models in UPC were extended to describe peripheral col-
lisions. First, in the hot-spot model (GG-hs), the photon flux is estimated in the same way
as in the UPC case, but the integral is limited to the impact parameter range of the selected
centrality class [9]. Second, based on a picture of photon-pomeron coupling, the Zha model
proposes that one nucleus acts as a photon emitter and the spectator nucleons in the other nu-
cleus, which do not undergo the hadronic interaction, act as a pomeron emitter [10]. Finally,
the GBW/IIM model considers an extension from the UPC calculations to peripheral colli-
sions with three distinct scenarios [5]. The GBW and IIM stand for two different calculations
for the photon-target interaction within a dipole picture framework. Scenario 1 (S1) has no
relevant modification in relation to the ultraperipheral regime. In S2, an effective photon flux
is considered including only the photons that reach the spectator region of the target nucleus.
In S3, the effective photon flux of S2 is used, and in order to exclude the nuclear overlap
region, an extra modification of the UPC photonuclear cross section is considered. In Fig. 2,
the y-differential coherent J/ψ photoproduction cross section is compared to several models.
In peripheral collisions, where the nuclear overlap effect on the coherent J/ψ photoproduction
cross section is expected to be small, some sets of models which include (Zha, IIM S2/S3) or
not (GG-hs, GBW S1) the nuclear overlap can both describe quantitively enough the overall
data trend (magnitude and rapidity dependence of the cross section). The current theoretical
calculations would need further constraints from UPC results [11] in the first place, to better
interpret the peripheral data.

The dimuon angular distribution in cosθ intervals and for pT < 0.3 GeV/c is presented in
the left panel of Fig. 3. The polarization parameter λθ is extracted from a fit to the angular
distribution and is compared to the UPC measurement in the right panel of Fig. 3. The param-
eter λθ is close to unity and is compatible with the observed polarization for the coherently
photoproduced J/ψ in UPC within the large uncertainties [7]. This observation supports the
scenario of a dominant coherent J/ψ photoproduction contribution over the hadronic one, in
the kinematic region pT < 0.3 GeV/c and 2.5 < y < 4 , in peripheral Pb−Pb collisions [4].



Figure 3. Inclusive J/ψ cosθ distribution in the helicity frame for pT < 0.3 GeV/c and 2.5 < y < 4 in
Pb−Pb collisions at

√
sNN = 5.02 TeV (left). The polarization parameter λθ extracted from the left plot

is compared to the coherently photoproduced J/ψ λθ polarization parameter in UPC [7] (right).

4 Conclusion

We have reported the first y-differential coherent J/ψ photoproduction cross section measure-
ment along with the first inclusive J/ψ polarization measurement, for pT < 0.3 GeV/c and
forward rapidity, in peripheral Pb−Pb collisions at

√
sNN = 5.02 TeV with ALICE. The cross

section measurement was compared to several models that can reproduce the magnitude of
the cross section, but fail at reproducing the y-dependence, similarly to the UPC case. The
existence of coherent J/ψ photoproduction in Pb−Pb collisions with nuclear overlap therefore
remains a theoretical challenge. Extending the cross section measurement to the most central
collisions can serve as a discriminator of the proposed models. The polarization parameter
λθ, measured in the helicity frame, is compatible with transversely polarized J/ψ and is con-
sistent with the measurement of the coherently photoproduced J/ψ in UPCs. A larger Pb−Pb
data sample of about 6 nb−1 integrated luminosity is expected to be collected during LHC
Run 3. This will allow one to obtain a significant signal of coherently-photoproduced J/ψ in
the most central collisions and to improve the precision of the cross section and polarization
measurements. In addition, it will permit the examination of other coherently-photoproduced
vector mesons to investigate potential QGP effects on these photoproduced probes.
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