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Photon-photon, photon-p, photon-A collider
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Ultra-peripheral collisions
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See talk by P. Steinberg for introduction on UPCs
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UPCs at CMS
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UPC Upsilon at CMS
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UPC Vector meson photoproduction  
in Photon-p 
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UPC VM photoproduction 
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See talks by C. Bertulani 
and J. Seger for more on UPC VMs



Searching for gluon saturation
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Exclusive VM photoproduction
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The energy dependance of the cross section 
Suggested as a signature of gluon saturation
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Exclusive VM photoproduction
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Eur. Phys. J. A52 (2016) no.6, 158
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Exclusive VM photoproduction
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See ALICE talk  
by J. Seger 
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Exclusive Upsilon in γp 
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Eur. Phys. J. C 79 (2019) 277

Exclusive Upsilon photoproduction
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Exclusive Upsilon in γp 
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Eur. Phys. J. C 79 (2019) 277

Proton dissociation

Two-photon process 
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Exclusive Upsilon in γp 
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Eur. Phys. J. C 79 (2019) 277
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Exclusive Upsilon in γp 
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Eur. Phys. J. C 79 (2019) 277
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Exclusive Upsilon in γp 
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Eur. Phys. J. C 79 (2019) 277
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Exclusive Upsilon in γp 
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Eur. Phys. J. C 79 (2019) 277
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Exclusive Upsilon in γp 
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Eur. Phys. J. C 79 (2019) 277

Daniel Tapia Takaki        APS GHP workshop 2019  – Denver, Colorado          April 11, 2019



t-distribution
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The study of the t-distribution  
discussed in documents of  

the U.S.-based EIC  
and LHeC  

Appearance and location  
of diffractive dips:  

signature of gluon saturation 
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t-distribution  
Exclusive VM in γp 
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V. Goncalves, et al.  
Phys. Lett. B791 (2019) 299-304 Signature of gluon saturation

Study of ρ0  is very promising  
since diffractive dips  

expected at lower t values   
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Location of the Diffractive dips: 
Different for IP-Sat and bCGC  

 
 Energy dependence of the  

t-distribution: onset of gluon saturation 



Exclusive ρ0 in γp 
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arXiv:1902.01339 
Submitted to EPJ C 
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Exclusive ρ0 in γp 
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Exclusive ρ0 in γp 
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Exclusive ρ0 in γp 
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Exclusive ρ0 in γp 
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Exclusive ρ0 in γp 
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Exclusive ρ0 in γp 
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Exclusive ρ0 in γp 
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Exclusive ρ0 in γp 
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V. Goncalves, et al.  
Phys. Lett. B791 (2019) 299-304
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Exclusive ρ0 in γp 
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V. Goncalves, et al.  
Phys. Lett. B791 (2019) 299-304

High energy points !
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UPC Vector meson  
in Photon-Pb

 31Daniel Tapia Takaki        APS GHP workshop 2019  – Denver, Colorado          April 11, 2019



Nuclear gluon density
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See talk by B. Cole on nPDF determination using  
Inclusive UPC Dijets in PbPb 



Coherent J/ψ

 33

Phys. Lett. B772 (2017) 489-511 

Model independent. Parametrization
of exclusive J/Ψ data in gamma-proton
i.e. No nuclear effects

Experimental evidence of
nuclear gluon shadowing
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 Nuclear effects at Low x 

R =
fi/A
Afi/p

≈ measured
expected if no nuclear effects
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Coherent J/ψ photoproduction off Pb nuclei  
By V. Guzey, et. al using Phys. Lett. B726 (2013) 290–295 

and latest ALICE and CMS results 

Daniel Tapia Takaki        APS GHP workshop 2019  – Denver, Colorado          April 11, 2019

See Janet Seger’s talk  
for ALICE Run 2 results



LHC Run 3 projections
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CMS-PAS-FTR-18-027 
&  

CERN-LPCC-2018-07 
 arXiv:1812.06772 
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Similar studies will be done for UPC J/ψ in γPb

For this analysis, crucial to study neutron dependence using ZDCs  
Needed to determine the photon emitter uncertainty - intrinsic to symmetric systems (AA)



Light-by-light scattering
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Light-by-light scattering
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arXiv:1810.04602 
Submitted to PLB  
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See talk by P. Steinberg  
for ATLAS results on LbyL scattering 



Light-by-light scattering
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arXiv:1810.04602 
Submitted to PLB  
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Light-by-light scattering
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arXiv:1810.04602 
Submitted to PLB  
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ETγ > 2 GeV 
|η| < 2.4  

 
Mγγ > 5 GeV,  

 
pT(γ) < 1 GeV

 
Acoplanarity  

Aϕ < 0.01



Light-by-light scattering
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arXiv:1810.04602 
Submitted to PLB  
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Light-by-light scattering
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arXiv:1810.04602 
Submitted to PLB  

Evidence for 
light-by-light  

scattering  
4.1 (4.4)σ 
observed 
(expected) 

14 LbyL events 
observed - 

consistent with 
the SM prediction 
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Axion-Like Particle Limits (ALP)  
Light-by-light scattering
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arXiv:1810.04602 
Submitted to PLB  

ALP coupling to photons only
ALP coupling to photons or  

hypercharge 

No significant excess observed
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Summary 
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UPC studies at LHC- covering an unexplored energy regime & synergies with 
the EIC.  At CMS studying a wide variety of physics topics in UPCs 

relevant to the hadronic/nuclear physics community today 

Results in UPC VMs by CMS (and ALICE), studying UPC J/ψ in γPb already 
found evidence of nuclear gluon shadowing at low-x and Q2  

Energy dependent studies of the t-distribution of UPC ρ0 in γp promising  
for determining the onset of gluon saturation 

Evidence of light-by-light scattering. Competitive exclusion limits on axion-like 
particles. Novel searches for dark matter/exotica candidates  

  
 Lots of UPC triggered data collected by CMS in Nov/Dec 2018 (4 - 10 times 

more statistics. Unique setup at LHC with both CASTOR and ZDC detectors) 

Other interesting UPC studies also ongoing!

Daniel Tapia Takaki        APS GHP workshop 2019  – Denver, Colorado          April 11, 2019



Additional slides 
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Coherent ρ0
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Dissociative/Incoherent production
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Exclusive and dissociative production
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t-dependance 
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H. Mäntysaari 
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Energy dependance 
of the t-distribution for dissociative production 
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Phys. Lett. B766 (2017) 186-191 
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Mass dependance and  
energy dependance  
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Nucl. Phys. B934 (2018) 330-340  

Exclusive Dissociative  
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Neutron dependance and  
photon direction determination 
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Neutron dependance and  
photon direction determination 
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Neutron dependance and  
photon direction determination 
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Exclusive VM photo production
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ρ0 photo-production
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New H1 preliminary results  
Arthur Bolz  

ICHEP 2018  

Exclusive

Dissociative 
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STAR results for ρ0
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S. Klein 
DIS 2018

Sensitive to the distribution of nuclear interaction sites  
within the nucleus
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STAR preliminary results for ρ0
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S. Klein 
DIS 2018
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STAR preliminary results for ρ0
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S. Klein 
DIS 2018

low-mass distribution is always wider than the others
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Photon induced processes at b<2R
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Phys.Rev. C96 (2017) no.1, 015203 
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From the low pT J/ψ in hadronic collisions
Thanks to different photon flux  
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