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Key question: what is the origin 
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If the impact parameter is large enough, photon induced interactions dominate: ultra-peripheral collisions (UPC)

QCD

Photon-induced interactions can also be measured in peripheral or even semi-central collisions :)
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How well do we understand the photon flux?

Pb

... specially in the context of electromagnetic dissociation (EMD) ...
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Photon flux of a point charge

5

Photon energy

Impact parameter

Large photon energies are most 
probable at small impact parameters

Using LHC boost and relevant LHC ranges for k and b
10 orders of m

agnitude
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ALICE, arXiv 2304.12403

μμ mass

rapidity range

Cross section

Different form factor 
and electric charge

Good description by 
STARlight and SuperChic

Very small 
invariant masses
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At larger photon energies, charged particles are produced
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Measurement of EMD as a func,on of the number of neutrons

8

ALICE, 2304.12403

Cross section

Number of emited neutrons at beam rapidities

Huge cross section

nOOn provides a good description of data
Broz et al., CPC 235 (2020) 107181
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Coherent J/ψ produc,on in Pb-Pb UPC 
Bjorken-x dependence
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For example, use peripheral and ultra peripheral collisions 

Ambiguity problem: first solu,ons applied to LHC Run 1 data
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At midrapidity both contributions 
are equal, no problem

At forward rapidities           dominates (95% of the cross section)
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Guzey et al, Phys.Lef. B726 (2013) 290-295
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Photonuclear cross sections at two rapidities, i.e. Bjorken-x

What we measure What we want What we want

How to extract the photonuclear cross sec@on 
if the photon fluxes are known?

Perform two independent measurements at the same rapidity, 
but different impact parameter, then solve the equa@ons.

JGC, PRC 96, 015203 (2017) 
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Photon fluxes at fwd  rapidity:

Ambiguity problem: use EMD
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Broz et al., CPC 235 (2020) 107181

nOOn

Electromagnetic dissociation of nuclei

Independent 
interaction

High γ energy Low γ energy

In order to dissociate the nucleon, the second photon needs to be energe@c 
=> A region of small impact parameters, wrt no EMD, is selected

0n0n: no EMD neutron (large b)
0nXn: single EMD (medium b)
XnXn: mutual EMD (smaller b)

Flux

Impact parameter Guillermo Contreras, CTU in Prague 
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Difference at large rapidity for 
high-energy photon fluxes

Ra,o of fluxes: 
nOOn to STARlight
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Nuclear suppression factor 
(shadowing) 

The impulse approximation is normally 
obtained using γp data

Employing different experimental data sets, may produce different answers

STARlight (μb) GKSZ (μb) Guzey et al, PLB726 (2013) 290
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Shadowing and saturation models 
describe data equally well.

What can we do to disentangle 
saturation and shadowing models?
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Dynamic QCD effects seem to make the t-distribu@on steeper ... do nuclei grow with energy?
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|t| related to the size of the target: effect 
of smaller structures appears at lager |t|

Production off nucleons

Production off nucleons

Production off nucleons 
and off hot spots

Production off nucleons 
including dissociation

Models including  hot spots or dissocia@on agree be\er with the slope of data

Larger |t| is sensitive to quantum 
fluctuations of the colour field at 

sub-nucleon size scales

ALICE, arXiv 2305.06169 Guillermo Contreras, CTU in Prague 



J/ψ photonuclear produc,on in p-Pb UPC 
Bjorken-x dependence



γp collisions: Dissocia,ve J/ψ produc,on

27ALICE, arXiv 2304.12403 Guillermo Contreras, CTU in Prague 

20 30 40 210 210×2 310
 (GeV)pγW

210) (
nb

)
* 

+p
ψ

 J
/

→
+p

 
γ(

σ

5−104−103−102−10
xBjorken-

 = 8.16 TeVNNsPb −ALICE p

H1

CCT

ALI−PUB−542180



γp collisions: Dissocia,ve J/ψ produc,on

27ALICE, arXiv 2304.12403 Guillermo Contreras, CTU in Prague 

20 30 40 210 210×2 310
 (GeV)pγW

210) (
nb

)
* 

+p
ψ

 J
/

→
+p

 
γ(

σ

5−104−103−102−10
xBjorken-

 = 8.16 TeVNNsPb −ALICE p

H1

CCT

ALI−PUB−542180

Agreement with 
H1 data



γp collisions: Dissocia,ve J/ψ produc,on

27ALICE, arXiv 2304.12403 Guillermo Contreras, CTU in Prague 

20 30 40 210 210×2 310
 (GeV)pγW

210) (
nb

)
* 

+p
ψ

 J
/

→
+p

 
γ(

σ

5−104−103−102−10
xBjorken-

 = 8.16 TeVNNsPb −ALICE p

H1

CCT

ALI−PUB−542180

Agreement with 
H1 data

In an energy dependent hot-spot model, 
the onset of saturation is here

Cepila et al, PLB766 (2017) 186



γp collisions: Dissocia,ve J/ψ produc,on

27ALICE, arXiv 2304.12403 Guillermo Contreras, CTU in Prague 

20 30 40 210 210×2 310
 (GeV)pγW

210) (
nb

)
* 

+p
ψ

 J
/

→
+p

 
γ(

σ

5−104−103−102−10
xBjorken-

 = 8.16 TeVNNsPb −ALICE p

H1

CCT

ALI−PUB−542180

Agreement with 
H1 data

Next round of measurements 
will also cover this region

In an energy dependent hot-spot model, 
the onset of saturation is here

Cepila et al, PLB766 (2017) 186



A brief look at the future
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Millions of J/ψ expected In Run 3+4 

Expecta,ons for Run 3+4 at the LHC

29

Pb-Pb UPCs: projections for 13 1/nb 
in the LHC Run 3 and 4 

Acceptances

Citron et al, CERN Yellow Rep.Monogr. 7 (2019) 1159-1410

Current measurements were done with few thousand of J/ψ candidates from LHC Run 2 data

The LHC Run 3 is ongoing and new data are being recorded!

|y|<0.9 |y|<2.4 2.5<|y|<4 2<|y|<5

Guillermo Contreras, CTU in Prague 
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30

The LHC keeps producing new photoproduc@on measurements, which allow us to 
understand be\er the nuclear structure at high energies (small Bjorken-x)

A bright future for photoproduc@on studies at 
the LHC with Run 3+4 data!

Many of the measurements from photon-induced processes not shown today: polarisation, 
A-dependence of ρ0, exclusive vector meson production off protons, ...

The LHC Run 3 has started! 
Large Pb-Pb data sample this year 

 Oxygen-Oxygen and proton-Oxygen collisions for 2024 
Later on p-Pb (γp) collisions 

....

Summary

Outlook
Event from the 2022 data taking period
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