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Phys.Rev. C99 (2019) 
no.3, 034911 

Aditya Nath Mishra, 
Antonio Ortiz and 

Guy Paic

Intriguing 
similarities 

between high-pT 
particle 

production in pp 
and AA collisions
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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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Photon-photon, photon-p, photon-A collider
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UPC event 
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From K. Kong SUSY 2019
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t-distribution
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The study of the t-distribution  

Appearance and location  
of diffractive dips:  

signature of gluon saturation 
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From T. Ullrich, IS 2017



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   

Location of the Diffractive dips: 
Different for IP-Sat and bCGC  

 
 Energy dependence of the  

t-distribution: onset of gluon saturation 
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Exclusive ρ0 in γp 
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arXiv:1902.01339 
Submitted to EPJ C 

Data-driven approach for signal extraction
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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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V. Goncalves, et al.  
Phys. Lett. B791 (2019) 299-304

High energy points !
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Coherent J/ψ
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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 
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Parton distributions
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Parton Distribution Functions (PDFs)

Determined from data: Global QCD analysis 
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Nuclear gluon density
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Inclusive dijets in γPb 
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ATLAS-CONF-2017-011

Sensitive to nPDF
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New directions in HEP 
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1. Machine learning 

2. Quantum information 
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Quantum tomography
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We don’t need a theory,  
sometimes less theory is better theory  
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Summary 
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UPC studies at LHC- covering an unexplored energy regime & synergies with 
the EIC.  ATLAS and CMS studying a wide variety of physics topics in UPCs 

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 

New directions using Quantum Tomography for QCD (and BSM) studies  
very promising !

Research facilities such as EIC will open opportunities for fundamental 
physics studies 
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Additional slides 



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

Daniel Tapia Takaki        HEP Seminar at UNAM  – Mexico City          May 29, 2019



Inclusive UPC Dijet at ATLAS
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ATLAS-CONF-2017-011

Daniel Tapia Takaki        HEP Seminar at UNAM  – Mexico City          May 29, 2019



Inclusive dijets in γPb 
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ATLAS-CONF-2017-011

“0n”

“Xn”

Direct process Resolved process
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Inclusive dijets in γPb 
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ATLAS-CONF-2017-011

Sensitive to nPDF
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Inclusive dijets in γPb 
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ATLAS-CONF-2017-011

Differential (not 
unfolded) cross sections 

vs. DIS-like kinematic 
variables 

Not exactly same as 
F2(x,Q2)

Data compared to 
PYTHIA + 

STARLIGHT(EPA)
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Inclusive dijets in γPb 
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ATLAS-CONF-2017-011

Data agrees with MC  
over most of acceptance

Next step: provide 
measurements that are 
unfolded for detector 

response and that can be 
compared directly to 

theoretical calculations
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Nature Phys. 13 (2017) no.9, 852-858 



Light-by-light scattering
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QED  
two-photon process

CEP  
Central Exclusive Production

Signal

Main backgrounds
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Light-by-light scattering 
2015 PbPb data set
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ATLAS Collaboration 
Nature Phys. 13 (2017)  

no.9, 852-858 

ETγ > 3 GeV 
|η| < 2.37  

 
Mγγ > 6 GeV,  

 
pT(γγ) < 2 GeV

 
Acoplanarity  

Aϕ < 0.01

4.4 σ significance 

Daniel Tapia Takaki        HEP Seminar at UNAM  – Mexico City          May 29, 2019



Light-by-light scattering 
2015 PbPb data set
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CMS Collaboration 
arXiv:1810.04602 
Submitted to PLB  

ETγ > 2 GeV 
|η| < 2.4  

 
Mγγ > 5 GeV,  

 
pT(γ) < 1 GeV

 
Acoplanarity  

Aϕ < 0.01

4.1 σ significance 
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Light-by-light scattering 
2015 PbPb data set
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CMS Collaboration 
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 

Evidence for light-by-light scattering  
4.4 σ observed 

13 LbyL events observed - 
2.6 ± 0.7 expected background

ATLAS Collaboration 
Nature Phys. 13 (2017) no.9, 852-858 
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Axion-Like Particle Limits (ALP)  
Light-by-light scattering - 2015 PbPb data set
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CMS Collaboration 
arXiv:1810.04602 
Submitted to PLB  

ALP coupling to photons only
ALP coupling to photons or  

hypercharge 

No significant excess observed
Daniel Tapia Takaki        HEP Seminar at UNAM  – Mexico City          May 29, 2019



First observation - 2018 PbPb data set 
Light-by-light scattering
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ATLAS Collaboration 
arXiv:1904.03536 
Submitted to PRL  
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59 candidates out of 12 ± 3 expected background

8.8 σ observation


