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Sections to be merged with EF06 UPC
• Photon-nucleus/nucleon interactions 

• Linearly polarized photon-gluon collisions 
Gluon Shadowing and Imaging,
azimuthal distribution of polarization 

• Ultraperipheral pA collisions 
Polarized proton (GPD)

• Photoproduction in non-UPC A+A collisions 
accompanying QGP creation 

• Photon-photon to dilepton process

• Extreme QED field 
Breit-Wheeler process, 
Wigner function, 
Sudakov effect, 
Coulomb Correction

• Dilepton as a probe in HI collisions
Final-state magnetic field, 
Coulomb scattering, 
Azimuthal anisotropy  

3Contact experts and assign section writers 

One of the main hurdles on extracting quantitative information is 
how we model precisely the QED WW photon source emission and transverse dynamics!
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Y. Hatta

One of the main goals of UPC 
and also EIC 
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Imaging the nucleus with high-energy photons

ALICE, JHEP06 (2020) 35

Klein and Mantysaari, Nature Reviews Physics 1 (2019) 662 



What new and necessary for 
quantitative Imaging? 

8Xing, et al., arXiv: 2006.06206

• Gluon Shadowing/saturation
• Transverse Momentum Distribution (TMD)
• Photons and Gluons are linearly polarized  
• Interference  
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Polarized target UPCs → Generalized Parton Distributions
Photoproduction w/ polarized protons
Target particle polarized proton p↑,

J/ψ photoproduction dσ/dϕ ∝ 1 + Aγ
N cos(ϕ) (ϕ azimuthal angle)

Aγ
N calculable with GPDs:

Aγ
N ∝ Eg ⇒ sensitive to gluon orbital angular momentum Lg

UPC J/ψ production in p↑Au 2015:
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projection
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J/Psi photoproduction in A+A collisions
ALICE observed J/Psi production at low-pt in non-UPC events;
STAR shows that the t distribution is consistent with photoproduction. 
How does this happen? 

Can try to treat the systems 
in different zones, 
but is it correct? 
What defines “coherent”?
Are there final-state effects? 
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Old Question with new spin
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Au+Au

U+U

ATLAS data: PRL 121 (2018) 212301



Initial Transverse Momentum Broadening
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we can afford many mistakes in the search. 
The main thing is to make them as fast as possible. 
– John Archibald Wheeler 
doi:10.1063/1.3120895

Zha, et al., arXiv: 1812.02820
M. Vidovic, et al., Phys.Rev. C47 (1993) 2308

S. Klein, et al. Comput.Phys.Commun. 212 (2017) 258-268

arXiv:1005.3531, unpublished

Is photon pt really driven by uncertainty principle 
and independent of position-momentum correlation? 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1063/1.3120895


Photon TMD in UPC
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CMS Abstract: “This observation demonstrates the transverse momentum 
and energy of photons emitted from relativistic ions have impact 
parameter dependence. These results constrain precision modeling of 
initial photon-induced interactions in ultra-peripheral collisions. They 
also provide a controllable baseline to search for possible final-state 
effects on lepton pairs resulting from the production of quark-gluon 
plasma in hadronic heavy ion collisions.”



17

Y. Hatta

Quite a few techniques 
used in QCD 
can be used in 
strong-field QED as well 

Understanding the QED is 
also important for 
quantitative extraction 
of the photoproduction 



Observables of photon linear polarization
• Magnetic field generated by the 

heavy-ions are circular around 
the nucleus

• Photons are linearly polarized 
along the transverse radial 
direction 

• There is a significant momentum-
space correlation of photon field

• Necessary for observed cos(2phi) in rho photoproduction 
18
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Initial  broadening from Breit-Wheeler 
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Zha, et al., arXiv: 1812.02820 PLB 

STAR data: PRL 121 (2018) 132301 ATLAS data: PRL 121 (2018) 212301;
New data at QM2019



Are there final-state QED effects?
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STAR Beam Use Request (2023-2025): 

https://drupal.star.bnl.gov/STAR/syste
m/files/BUR2020_final.pdf

Precision data with 
QED theory comparisons: 
Both on-going at LHC and RHIC

How about azimuthal anisotropy 
relative to reaction plane? 
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Semi-coherent photon collisions

arXiv:1005.3531, unpublished
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Summary
• Exciting new topics at UPC in the 

last 2 years (Both RHIC and LHC) 
• Exploring precision test of strong 

field QED 
• Possible use as probe of QGP 

electromagnetic properties 
• Imaging of nucleus with high-

energy photons: precision data 
and quantitative extraction 
• Polarization as a tool: GPD/TMD

• A group discussion in UPC 
community 
• EF07 UPC LoI on overleaf (open 

to everyone) 
• Will expand to a document with 

writing assignments to experts 
• Establish discussion and merging 

scheme with EF06 UPC 
• Expand to include other topics 

(not too late still)
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