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Photon induced processes in heavy ion collisions
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Probes of nuclei in UPC
• UPCs at LHC: the most energetic photon-nuclei interactions
• Low-x physics and search for the nonlinear parton dynamics (saturation 

regime)
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Nuclear structure
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Photoproduction in UPCs
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in coherent interaction



ALICE (A Large Ion Collider Experiment)
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ALICE Detector: J/ψ at mid-rapidity
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ALICE Detector: J/ψ at forward rapidity
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ALICE Detector: exclusivity condition
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Coherent J/ψ photoproduction rapidity dependence
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● Models with shadowing (EPS09, Leading Twist Approximation)
    and saturation (Glauber-Gribov Hot Spot):

● Describe only central and most forward data



Coherent ψ’ photoproduction 
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Balitsky-Kovchegov (b-BK) - agrees



Coherent J/ψ photoproduction |t|-dependence
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(Deconvolution of the photon pT contribution from
 the photonuclear |t|)



Coherent J/ψ photoproduction |t|-dependence
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Non-

What happens when going from ultra-peripheral to peripheral collisions?



J/ψ photoproduction in peripheral collisions
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● Observation of a J/ψ excess at very low pT in peripheral
collisions due to coherent photoproduction 

● Measurements extended towards more central collisions
shed light on the production mechanism

● Scenario with modified photonuclear cross sections is favorable

arXiv:2204.10684  





Exclusive J/ψ cross-section: energy dependence
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● In pPb UPCs the photon flux from the Pb-nucleus dominates 
    → access to γp interactions



Dissociative J/ψ cross-section: energy dependence
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First measurement of the dissociative cross section (with the proton break up) at the LHC!



γγ → μμ cross section
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Coherent ρ0 photoproduction: A-dependence
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Outlook: Run 3 & 4 
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Summary
● PbPb UPCs

– Models with shadowing or saturation describe vector meson cross sections in the central and most forward 
regions within uncertainties

– |t|-dependence sensitive to parton distribution in the transverse plane
● PbPb non-UPCs

– Excess of low-pT vector mesons observed for the non-central collisions is consistent with the coherent 
photoproduction (scenario with the modified photonuclear cross section)

● pPb UPCs
– Exclusive cross section agrees with previous results from HERA and LHCb
– Proton dissociative cross sections measured for the first time at LHC
– Low mass γγ → μμ measurement can be used to improve uncertainties on photon fluxes and higher-order 

effects such as Coulomb and unitarity corrections
● XeXe UPCs

– A dependence is consistent with shadowing and saturation models

Thank you very much for your attention!
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