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UPC review :  A.J. Baltz et al., Phys.Rept. 458 (2008) 1.

Ultra-Peripheral Collisions (UPC) of heavy ions
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The LHC in heavy-ion mode works as powerful source of quasi-real photons 

Vector meson (VM) photoproduction (photon-Pomeron exchange) can occur either 

coherently off whole nucleus (pT~30 MeV/c) or incoherently off nucleons (pT~300 MeV/c) 

UPC studies are mainly intended to address nuclear gluon shadowing in Pb interactions

Ultra-peripheral collisions (UPC) occur 

when ions collide at impact parameter b 

greater than sum of nuclear radii thus     

UPC are photon-induced reactions.

Electromagnetic field in UPC is described 

by flux of virtual photons within 

Weizsäcker-Williams approach and intensity 

of the field is proportional to Z2

UPC offer  pure  EM two-photon or photo-

nuclear collisions
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Within vector meson dominance (VDM) mostly JPC=1- -

state (r … J/y) production is expected

Quarkonium photoproduction (γA → J/ψ A) at LHC 

probes high Wγp (small x) range.

J/y photoproduction in Pb-Pb UPC
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Main theoretical issue is how to properly 

incorporate nuclear shadowing

M. G. Ryskin, Z. Phys. C57 (1993), 89
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Detectors used for J/y photoproduction measurements:

- Muon spectrometer/TPC to reconstruct  muons /electrons from J/y decays;

- Inner Tracking System (ITS) and forward scintillators (V0) to suppress background;

- Zero Degree Calorimeters (ZDC) to detect neutrons from nucleus EM dissociation;

- Trigger detectors: V0, AD and trigger chambers of the muon spectrometer

A Large Ion Collider Experiment (ALICE) at LHC 
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ALICE results on UPC studies from LHC Run-1 
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Main features of UPC  

VM photoproduction:

- exclusive events, only 

VM decay particles 

detected

- momentum balance of 

final state particles
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ALICE results on UPC studies from LHC Run-1 
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Forward rapidity: 

first UPC measurement at the LHC of 

J/y photoproduction in Pb-Pb at √sNN= 2.76 TeV

B. Abelev et al., The ALICE Collaboration, 

Phys. Lett. B718 (2013) 1273

Analysis is based on data corresponding to ∫L ~55 μb−1

Mid-rapidity:

J/y and y′ production in Pb-Pb UPC at √sNN =2.76 TeV.

Both muon and electron decay modes were used.

E. Abbas et al., The ALICE Collaboration, 

Eur. Phys. J. C 73 (2013) 2617

The cross section for coherent and incoherent J/y

production in the rapidity interval -0.9 <y< 0.9

with the data corresponding to ∫L ~23 μb−1



7

ALICE results on UPC studies from LHC Run-1 
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Forward rapidity: sensitivity to gluon 

shadowing is small since main part of the J/y

photoproduction cross section corresponds to 

gluon exchange with relatively large x (10-2)

Mid-rapidity: measurement constrains nuclear 

gluon shadowing in x-domain of order 10-3 and in 

agreement with moderate shadowing according to

the EPS09 parameterization

B. Abelev et al., The ALICE Collaboration, 

Phys. Lett. B718 (2013) 1273

E. Abbas et al., The ALICE Collaboration, 

Eur. Phys. J. C 73 (2013) 2617
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Mid-rapidity: 

y′ production in Pb-Pb UPC at √sNN =2.76 TeV

in l+l− and J/yp+p− decay modes

J. Adam et al., The ALICE Collaboration, Phys. 

Lett. B751, (2015) 358

data corresponds to ∫L ~22 μb−1

ALICE results on UPC studies from LHC Run-1 
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Poor understanding of y(2S) wave function makes 

difficult to calculate effects of nuclear matter.

The measurement does not support  models with all 

nucleons contributing to the scattering and models 

with strong shadowing
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Run-2: 

- Pb-Pb at  √sNN ~ 5 TeV in 2015;

- one p-Pb run (5 and 8 TeV) for the end of this year

Among improvements to most of its 19 sub-detectors, ALICE made changes to parts which are 

important for UPC studies:

- new detector (ALICE Diffractive detector, AD) was installed to suppress hadronic background. 

It consists of two parts in pseudorapidity domains h from ~[-7,-4.8] and [4.7,6.3]

- topology requirements were introduced to the trigger

The di-muon UPC data collected during 2015 LHC Pb-Pb run corresponds to ∫L > 200 μb−1

ALICE upgrade for LHC Run-2 (2015-2018) 
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AD detector is included into the trigger and 

it suppresses background from peripheral HI 

collisions. 

Recorded UPC di-muon events express cleaner 

pT-balance signature wrt to Run-1 data

LHC Run-2 (2015) Pb-Pb data @ 5.02 TeV

CHARM2016 Pozdnyakov V. 10

Increased LHC Pb-Pb luminosity together 

with larger J/y photoproduction cross section 

provides ~50 times as larger J/y yield.
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two terms reflect a symmetry of ion collisions – any ion can be either  a source of photon or a target.

First term corresponds to high-Wγp interactions while second – low-Wγp

High-Wγp contribution is suppressed by much lower photon flux and larger nuclear gluon shadowing

J/y photoproduction for low-x gluon studies
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V. Guzey, E. Kryshen and M. Zhalov, 

Phys.Rev. C93 (2016) no.5, 055206

Photoproduction cross section reads as 

UPC can be accompanied by another photon exchange 

leading to EM nuclei excitation with subsequent neutron 

emission, i.e. neutron(s) are detected (in ZDC) together 

with VM. 

Such UPC events are refered as 0nXn (one ion undestroyed) 

and XnXn (both ions dissociated)

A.J. Baltz et al., Phys.Rept. 458 (2008) 1.
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The ALICE data clearly show a presence of 

neutrons detected in ZDC

Analysis of J/y photoproduction in subsamples 

(0n0n, 0nXn and XnXn) is ongoing…

Coming soon

J/y photoproduction accompanied by neutron emission
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V. Guzey, M. Strikman, M. Zhalov, Eur.Phys.J. C74 (2014) 7, 2942

0nXn-channel in its incoherent part (VM pT > 150 MeV) 

is 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
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- analysis of heavy vector meson photoproduction is a tool to study gluon nPDF;

- ALICE measured coherent J/y and y’ photoproduction cross sections with LHC Run-1      

Pb-Pb data taken at √sNN= 2.76 TeV. The J/y photoproduction measurement supports 

moderate shadowing of gluons in nuclei;

- ALICE also obtained UPC results on coherent ρ0 photoproduction (JHEP 09 (2015), 095) in 

Pb-Pb and on exclusive J/ψ photoproduction off protons in p-Pb (PRL 113 (2014) 232504);

- large statistics of the data in Run-2 allow one to carry out detailed analyses including

measurements of J/y photoproduction accompanied by nucleus dissociation; 

- analysis of the Run-2 data is in progress, news are coming soon.

In summary
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