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Ultra-peripheral collisions at the LHC
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When b > 2RA two categories of interactions

ÅPure EM processes
ÅɔɔŸ ɔɔarXiv:1904.03536 & arXiv:2008.05355
ÅɔɔŸ ɛɛarXiv:2011.12211

ÅPhoto-hadron interactions 
Åɔ+ A Ÿ A* + V
Åɔ+ A  Ÿ X

Coulomb fields of moving 

charges can be treated as an 

equivalent flux of photons 

which are boosted to high 

energies.

Photons reach energies

of 10s of GeV with a

2.5 TeV Pb beam at the LHC

https://arxiv.org/abs/1904.03536
https://arxiv.org/abs/2008.05355
https://arxiv.org/abs/2011.12211
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Photonuclear interactions 
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Select events based on primarily 
ÅSingle-sided nuclear breakup ñ0nXnò (zero-degree calorimeter ZDC)
ÅRapidity gaps 

Minimum bias selection includes both but is dominated by resolved events. 

Direct ɔA collisions         
Photon couples directly to nuclear parton

Resolved ɔA collisions              
photon virtually resolved into hadronic state

vector meson
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Presenting two measurements
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Pb ʴ p ʴ

arXiv:2101.10771 CMS-PAS-HIN-18-008

Pb

Pb

Pb

ʴ p

2018 5.02 TeV Pb+Pb
Submitted toPRC

2016 8.16 TeV p+Pb
Preliminary

https://arxiv.org/abs/2101.10771
http://cds.cern.ch/record/2725477/
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Rapidity gap selection

Reconstructed rapidity gaps are used for event selection of 
+ɹA and ɹ+p (gap definitions are different). 

8

CMS-PAS-HIN-18-019

Sum of rapidity gaps 
between particles 
greater than ȹɖ=0.5

Gap between detector edge and ɖbin 
with significant energy deposition.  
CMS has made a preliminary 
measurement of gap distributions.

Both MC comparisons indicate high purity +ɹA/p samples 

Pb ʴ
ʴp

arXiv:2101.10771

http://cds.cern.ch/record/2719416
https://arxiv.org/abs/2101.10771


Charged-particle multiplicity
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+ɹA has a very steep multiplicity distribution and +ɹp is 
even steeper compared to minimum-bias p+Pb.

arXiv:2101.10771
CMS-PAS-HIN-18-008

ʴp Pb ʴ

https://arxiv.org/abs/2101.10771
http://cds.cern.ch/record/2725477/


Rough Nch comparison ɔ+A/p
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ÅFuture minimum-bias 
measurements would add 
fundamental understanding.  

ÅSuch measurements would also 
add to interesting  hadron 
physics in color fluctuations and 
more. 

Number of wounded nucleonsarXiv:2101.10771

Very rough Nch comparison: different
proton energy, acceptance and selection

arXiv:1605.06606

https://arxiv.org/abs/2101.10771
https://arxiv.org/abs/1605.06606


Two-particle correlation of charged tracks
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arXiv:2101.10771

ʴp Pb ʴ

CMS-PAS-HIN-18-008

No clear           
nearside ridge

Need to remove non-flow 

Away-side correlation     
Momentum conservation              
Jets                                                    
Not collective phenomenon
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