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Ultra-Peripheral Collisions (UPC)
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Identification of  UPC events 
in ATLAS
• UPC photonuclear scattering can be distinguished from non-

UPC hard-scattering processes by requiring the photon-
emitting nucleus to remain intact. Experimentally, this is 
accomplished by using the zero-degree calorimeters (ZDCs), 
which detect the beam-energy neutrons emitted in most 
hadronic nuclear interactions. The condition that no 
neutrons (0n) are observed in one direction, combined with 
a requirement for gaps in the particle rapidity distribution 
on that side of the event, is effective at identifying 
photonuclear collisions. 

• A requirement that at least one neutron (Xn) is observed in 
the other direction distinguishes photonuclear events from, 
for example, γγ scattering processes, and suppresses these 
backgrounds.

• Events of large rapidity gap.
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Trigger conditions: (a) 0nXn (b) ET (c) large-pT jet
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Large Rapidity Gap Events
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No hit detected!
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Uncertainties of  UPC

• Photon flux generated by a nucleus and a proton

• Photon energy, kinematics of DIS
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Corresponding to y variable in DIS.
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LHCb: Exclusive Central Jpsi/psi’ 
Production (pp -> p + J/psi + p)
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LHCb Detector
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LHCb HERSCHEL detector: 
high-rapidity shower counters
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Event Selection

• Two muons with pT>400 MeV and p>3 GeV, fewer 
than 10 tracks in the VELO (large-area silicon-strip 
detector), -3.5<eta<-1.5 and 2<eta<5. 

• No firing of HERSCHEL, -10<eta<-5 and 5<eta<10 
(five planes of scintillators, as a veto).

• No photon other than those radiated from the 
muon.

• Control sample: a single muon with pT>400 MeV.
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“Signal Sample” vs. “Control Sample”
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Modeling of 2d distributions of [m, pT2] for Jpsi and psi’. 



Fit in the “Control Sample”
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Modeling of 2d distributions of [m, pT2] for Jpsi and psi’. 



Fit in the “Signal Sample”
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Fits in 10 rapidity bins
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Ambiguities of  Photon 
Emitter
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The outgoing protons are not detected at LHCb!



Rapidity Distributions
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NLO calculations:
C. A. Flett, A. D. Martin, M. G. Ryskin, and T. Teubner, Very low x gluon 
density determined by LHCb exclusive J/ψ data, Phys. Rev. D102 (2020) 
114021, arXiv:2006.13857.



psi’/Jpsi Ratios
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Small rapidity dependence



Kinematic Coverage
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Theoretical Interpretation: 
GPDs Scheme
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Jpsi Photoproduction Cross 
Sections
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Amplitude with Collinear 
Factorization
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:NRQCD LDME, ccbar->Jpsi

:quark singlet and gluon GPDs

Gluon GPDs Guark singlet GPDs



“Shuvaev transform” 
connecting Gluon PDFs and GPDs
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The Shuvaev transform, that relates the 
GPD to the conventional collinear gluon 
PDF, includes an integral over the whole x 
< 1 interval.
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Gluon GPDs (Proton PDFs) 
vs. Data
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Good agreement with H1, ZEUS (x>10-4), but not LHCb (x<10-4)



Gluon GPDs (Proton PDFs,  
Parametrized Gluon PDFs)  vs. 
Data
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New parametrization of 
small-x Gluon PDFs

Good agreement with H1, ZEUS and LHCb data with new parametrization of xg.



No hint of  onset of  Gluon
Density Saturation
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Summary

• At LHC, Ultra-Peripheral Collisions (UPC) are 
interesting processes to study for the physics 
related to EIC: nuclear/nucleon parton density, 
small-x gluon saturation…

• LHCb has measured the photoproduction of Jpsi at 
large W, which could be sensitive to the small-x 
gluon density of protons.

• Theoretical study which involves the proton GPD in
Jpsi photoproduction shows no evident of gluon 
saturation down to x=3x10-6.
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