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The LHC in heavy-ion mode works as a powerful 
source of quasi-real photons with intensity ~Z2.

Photon - a coherent superposition of hadronic fluctuations into 
a vector meson (VM) that subsequently interact with the target.
VM photoproduction (photon-Pomeron exchange) occurs either 
coherently off whole nucleus (pT~30 MeV) or incoherently off 
nucleons (pT~300 MeV).

Coherent photoproduction on nuclear targets is a tool to study 
properties of VM interactions with nucleons.

Ultra-peripheral Collisions (UPC) of heavy ions

      UPC studies are mainly intended to address gluon shadowing in nuclei.
                        UPC review :  A.J. Baltz et al., Phys.Rept. 458 (2008) 1
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two-photon

photo-nuclear

Ultra-peripheral collisions (UPC)

Large charges of colliding ions lead to the production of huge 
photon fluxes and UPC can be accompanied by another photon 
exchange (right side of the plot) leading to EM nuclei excitation 
with subsequent neutron emission which can be detected (in Zero 
Degree Calorimeter) together with scattered vector meson.
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                Charmonium photoproduction from ALICE Run-1

Phys. Lett. B718 (2013) 1273 Eur. Phys. J. C73 (2013) 2617

Phys.Lett. B751 (2015) 358

ALICE measurement supports calculations which include a moderate shadowing of gluons in nuclei. 
Models with all nucleons involved in the scattering  (Impulse Approximation) and those with a strong 
shadowing are disfavored.
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A Large Ion Collider Experiment (ALICE) at LHC

                      ALICE systems relevant for J/y photoproduction measurements:
-  Muon spectrometer/TPC to reconstruct  muons/electrons from J/y decays;
- Trigger detectors: Silicon Pixels, V0, AD, TOF and trigger chambers of the muon spectrometer;
- Zero Degree Calorimeters (ZDC) to detect neutrons from nucleus EM dissociation.
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ALICE event display, LHC Run-1 

Main features of UPC vector meson photoproduction:
- exclusive events, only vector meson decay particles detected;
- momentum balance of final state particles.

  forward J/y into di-muons



                      

Quarkonium photoproduction (γA → J/ψ A) at LHC 
probes high Wγp (small x) range.
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how to properly incorporate nuclear shadowing?

M. G. Ryskin, Z. Phys. C57 (1993), 89

             Coherent J/y photoproduction in UPC

Phys.Rev. C85 (2012) 044904
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Increased LHC Run-2 Pb-Pb luminosity (∫L  > 700 μb−1) together with  larger J/y photoproduction 
cross section and more efficient event triggering provides ~200 times larger J/y yield as compared to 
the Run-1 data.

Forward AD detector, installed for Run-2 and included into the trigger suppresses background from 
peripheral heavy-ion collisions. It provides a cleaner sample than was possible in the Run-1 data.

                 Сoherent J/y production in ultra-peripheral Pb–Pb collisions at √s
NN

 = 5.02 TeV

Run-2

Run-1

arXiv:1904.06272

arXiv:1904.06272
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                Сoherent J/y production in ultra-peripheral Pb–Pb collisions at √s
NN

 = 5.02 TeV

impulse approximation: no nuclear effects 
STARLIGHT: VDM + Glauber, Comput. Phys. Commun. 212 (2017) 258
EPS09 LO (GKZ) / LTA (GKZ), PRC93 (2016) 055206
GM: color dipole + IIM / bCGC CGC, PRC 90 (2014) 015203, JPG 42 (2015) 105001
Ipsat (LM): color dipole model + IPSat CGC, PRC 83 (2011) 065202, PRC 87 (2013) 032201
GG-HS (CCK): color dipole + energy dependent hot-spot model  PL B766 (2017) 186, PRC 97 (2018), 024901
BGK-I (LS): color dipole model + CGC, arXiv:1901.07989

    Coherent J/y photoproduction cross section implies moderate gluon shadowing in nuclei. 

arXiv:1904.06272
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Mid-rapidity J/y 
photoproduction:

Further measurements on charmonium photoproduction in Pb-Pb UPC with Run-2 data 

Coherent mid-rapidity J/y 
production in UPC is well seen in 
both muon and electron decay 
channels.

mm

ee

mid-rapidity y' photoproduction:

photoproduction of J/y decayed into proton-
antiproton:
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Large enough statistics of the collected data and 
high efficient Zero Degree Calorimeter in the 
ALICE setup allow us to split the data sample 
according to presence/absence of neutrons, 
coming from single or mutual electromagnetic 
dissociation processes. 1n 2n0n

incoherent part (VM pT > 150 MeV) of 0nXn case 
as a probe of small-x gluon nPDF.

Events with opposite directions of J/y and neutrons 
(high-energy photoproduction) can be influenced 
by gluon shadowing in nuclei at  x ≈ 10−4.

V. Guzey, M. Strikman and M. Zhalov, Eur.Phys.J. 
C74 (2014) 7, 2942

Further measurements on charmonium photoproduction in Pb-Pb UPC with Run-2 data 
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                Coherent J/y production in peripheral Pb-Pb collisions 

Selected peripheral events (centrality 70-90%) clearly exhibit 
      coherent peak of di-muon pair transverse momentum p

T

Less pronounced behavior is also seen for pair mass below J/y 

mass saturated by di-muons produced in two-photon reactions 

Run-1, Phys.Rev.Lett. 116 (2016) 222301

Run-2 data



LC2019                                                 Pozdnyakov V. 12                      

                Coherent J/y production in peripheral Pb-Pb collisions 

Background subtracted J/y yield compared to 
measurement in the ultra-peripheral collisions scaled 
such that the integrated yields in range p

t
<300 MeV/c 

of the two measurements match

Background subtracted J/y yield (statistical errors only) not corrected for efficiency

Run-1 peripheral and UPC J/ψ photoproduction data 
were used to extract g-Pb and nuclear suppression 
factor down to extremely small x

Phys.Rev. C96 (2017), 015203
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Measurements on coherent J/y production in peripheral Pb-Pb collisions 
                                                nuclear modification factor R

AA

mean transverse momentum of di-muons

differential cross section

GBW / IIM: Color dipole + small-x saturation,  Phys.Rev. D97 
(2018) no.11, 116013
GS-hs: CGC,  Phys.Rev. C97 (2018) no.2, 024901 

How are J/ψ coherently produced in peripheral 
nuclear collisions with break-up of the nuclei?

Coherent photoproduced J/ψ formed in the 
initial stage of the collisions with following 
interaction with the QGP?

Charmonium photoproduction in a nuclear 
collision merits theoretical investigation
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Conclusions and outlook

Analysis of J/y photoproduction is a tool to learn about the dynamics of high-energy 
gA interactions and to study the gluon content of nuclei;

Ultra-peripheral Pb–Pb collisions at √s
NN

 = 5.02 TeV were studied with the ALICE 

experimental data, collected during LHC Run-2;

Cross section of coherent J/y production in ultra-peripheral Pb–Pb collisions is 
measured. The result implies moderate gluon shadowing in nuclei;

More studies of the UPC processes (mid-rapidity both coherent and incoherent J/y and 
y' production, UPC reactions accompanied by single/mutual EM dissociation) are 
ongoing, news will come soon;

An excess in the yield of J/ψ at low transverse momentum was observed in peripheral 
Pb–Pb collisions. Nuclear modification factor of J/ψ at forward rapidity reaches 
about 7 for p

T
 below 0.3 GeV/c in the (70–90)% centrality class. The J/ψ production 

cross section was calculated under the hypothesis that coherent J/ψ photoproduction is 
the underlying process for the peripheral collisions.
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