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Photon-photon, photon-p, photon-A collider
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Energy systems
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Review by S. Klein
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and the Pb? Nuclear gluon dynamics, saturation …
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Recent Run 2 results
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Eur. Phys. J. C 79 (2019) 5, 402 



Gluon parton density 
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R. McNulty 



Recent Run 2 results
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	 Eur. Phys. J. C 81 (2021) 8, 712 



UPC VM in photon-A
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V. Guzey et al. PLB 726 (2013)
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Nuclear suppression factor
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Updated with new Run 2 data 
V. Guzey’s nuclear fragmentation 2022



Nuclear Suppression factor at LHC 
vector mesons 
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Projections for Run 3+4 



Nuclear Suppression factor at LHC 
vector mesons 
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Projections for Run 3+4 



FoCal detector at ALICE
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FoCal kinematic coverage 
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Transverse profile of the target 
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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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t-distribution
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Transverse profile of the target 
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t-distribution  
Exclusive vector mesons 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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V. Goncalves, et al.  
Phys. Lett. B791 (2019) 299-304

36 Gev 176 Gev
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Transverse profile of the target 
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Gluon fluctuations

23Daniel Tapia Takaki        WWND 2022  – the winter workshop         March 3, 2022



Gluon distributions are multidimensional  
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Azimuthal anisotropies of jets in UPC or eA
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The Wigner or Husimi distribution go  
beyond the PDFs, GPDs and TMDs 
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Beyond Nuclear PDFs
T. Altinoluk, N. Armesto, G. Beuf, and  
A. H. Rezaeian, Phys. Lett. B758, 373 (2016),  
arXiv:1511.07452 [hep-ph].

Exclusive dijets process known to be directly 
sensitive to the gluon Wigner distribution 
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Exclusive diffractive dijets in γA 
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Exclusive diffractive dijets in γA 
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Exclusive diffractive dijets in γA 
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Soft-gluon radiation from final state jets 
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Yoshitaka Hatta, Bo-Wen Xiao, Feng Yuan and Jian Zhou 
arXiv:2010.10774 [hep-ph]

They found so, gluon radia2ons from final state jets tend to be aligned  
with the jet direc2on and produce some angular anisotropies reflected  
in <cos(2phi)> 

All the theory calcula-ons considered so2 gluon radia-ons to be suppressed  
This could partly explained the CMS results 

Could we now use this 
process to study 
medium energy loss 
with inclusive dijets in 
AA collisions?

CMS kinematics
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https://arxiv.org/abs/2010.10774


New approach
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Quantum tomography 
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Martens, Ralston, Tapia Takaki Eur. Phys. J. C78, 5, 2018 



Quantum tomography 
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Martens, Ralston, Tapia Takaki Eur. Phys. J. C78, 5, 2018 



Quantum tomography 
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Martens, Ralston, Tapia Takaki Eur. Phys. J. C78, 5, 2018 



Quantum tomography 
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Martens, Ralston, Tapia Takaki Eur. Phys. J. C78, 5, 2018 



Quantum tomography 
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Martens, Ralston, Tapia Takaki Eur. Phys. J. C78, 5, 2018 
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 Dijet angular correlation
histograms show a 

Lorentz-invariant angular 
distribution of jet1 v jet 2 

measuring a density matrix 

Quantum tomography Prediction  
from MC generated events of DIS (RAPGAP) 

We note that the polarization and transverse 
momentum degrees of freedom are entangled. No  
possibility to describe the system as separable. 
Need a more general description 
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Summary

• New data from nergy dependent studies of the 
t-distribution of UPC ρ0  in γp promising for 
determining the onset of gluon saturation 

• Angular correlations of diffractive dijets.  
Soft-gluon radiation in final state jets.  
New techniques like Quantum tomography.  
 
Altogether promising results that can have 
a broader impact beyond UPC studies   
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Additional slides
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EIC Yellow Report
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DIS on nuclei
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