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Physics of UPC

• Ultraperipheral collision (UPCs) are the ultimate energy frontier for electromagnetic 

interactions

• UPC are collisions of relativistic nuclei at high b → no hadronic interaction

• Photons are nearly virtual 

• Valid for photonuclear and two photons interactions

• LHC is the frontier energy for these two processes

• UPC (heavy ions and protons) can address some interesting physics areas:

• Nuclear shadowing, nuclear structure

• Beyond the Standard Model and many others
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S. Klein & P. Steinber – Annu. Rev. Nucl. Part. Sci. 2020. 70:323-54



Physics of UPCs 9/2/4

3

a) Generic photonuclear interaction with nuclear breakup target

b) Incoherent photoproduction

c) Exclusive photoproduction of a vector meson

d) Coherent photoproduction of a vector meson

e) Dilepton production

f) Dilepton production Higher Order

g) Light-by-light scattering with no nuclear breakup

h) Central exclusive diphoton production with double breakup
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UPCs in CMS RUN III
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UPC in Atlas and CMS 9/2/24
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Event display for gN events in UPC
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J/psi production in PbPb in UPC 
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Using ZDC we can have higher energy photons extracted without increasing the energy
PRL. 131 (2023) 262301

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.262301


Run 3, Run 4, Run 5
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Where are we today19
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CMS upgrades – HL-LHC
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Summary
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• Ultraperipheral Heavy Ion Collision (UPC) → Provides unique physcis potential

• LHC can be used as photon-photon and photon-nucleus collider

• Photon-induces di-lepton production

• Study photon flux, properties of Tau-leptons

• Photonuclear interactions

• Charged hadron productions or Light/heavy VM production

• Rare processes

• Probe interaction of axion-like particles

• Lots of trigger improvements for RUN3 (Atlas and CMS)

• Future HL-LHC upgrades challenges and EIC -→ Stay curious ☺



Backup
9/224

22

9/2/24
New Trends in High Energy and Low-x Physics: 

Sfantu Gheorghe - Romania



ZDC in 2018
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