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Ultra-peripheral Collisions

Rapidity gaps

Intact photon emitter



LHC UPC results …
Collider Mode                  Fixed target mode 

• Exclusive vector meson production

• Dijet production

• Light-by-light scattering

None!

Attempt…
Dimuon Production
“In-In Ultra Peripheral Collisions in NA60”, P.Ramalhete
(PhD) 2009

No signal!



UPC tagging in collider mode – inclusive quarkonium production

Hadronic cross section greater than 
photoproduction cross section 

Must impose experimental 
cuts to isolate the signal

work in preparation
cross section in full acceptance



• Combination of rapidity gap cuts and cuts 
based on the far-forward detectors show 
inclusive quarkonium photoproduction can 
be measured in LHCb and CMS

UPC tagging in collider mode – inclusive quarkonium production

work in preparation



Collider mode vs. fixed target mode
In fixed target mode…
• Polarised targets (spin studies)
• Probe large x region (cannot be measured in collider mode)
• Large luminosity (dense target)
• Different target species 
• Lower center-of-mass energy

Physics Objectives:
1. Explore large x region
2. QGP studies
3. Spin structure of nucleon

Ann.Rev.Nucl.Part.Sci. 70 (2020) 323-354

JHEP 09 (2015) 087
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beam 𝒔 𝒚𝒄𝒎𝒔
Pb 72 GeV -4.3

p 115 GeV -4.8

Pbp  @ 𝒔 = 𝟕𝟐 𝐆𝐞𝐕 𝝈
Signal (𝛾 + 𝑔 → 𝐽/𝜓 + 𝑔) 4.2 nb

Background (𝑔 + 𝑔 → 𝐽/𝜓 + 𝑔) 4900 nb

Ratio 0.001
calculated at LO in CSM using HELAC-Onia; 
in full acceptance with decay to dimuons 

Questions:
1. What is the target position ? 
2. What is the kinematic acceptance ?

Nucl.Phys.A 982 (2019) 971-974

Preliminary

Fixed Target -inclusive quarkonium production



BACK-UP MATERIAL



http://after.in2p3.fr/after/images/5/5b/UPC-CERN_2014_JPL.pdf



AFTER@LHC

Slide from Shinichi Okamura.



• In nucleus-atom collisions screening is found to reduce the cross 
section for electron-positron pair production by 2.5-14%
• For higher energy (~GeV) processes this effect will be minimised

Mass Resolution

𝑒.𝑒2 1 MeV 200 fm

𝐽/𝜓 3 GeV 0.1 fm

Higgs 125 GeV 0.001 fm

Top 171 GeV 0.001 fm

proton 1 fm

atom 100000 fm



• https://link.springer.com/content/pdf/10.1140/epjc/s10052-018-
6185-2.pdf?pdf=button



Ultra-peripheral-collision studies in the fixed-target mode with the proton and lead LHC beams 



https://arxiv.org/pdf/1902.10534.pdf


