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production with ultraperipheral heavy ion collisions
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see also 成瞳光’s talk



• 相对论重离⼦碰撞产⽣极强电磁场：两个带电重离⼦在相对论性条
件下碰撞，可以产⽣⾼达 1015 T 的电磁场。


• 等效光⼦近似：从量⼦场论的⻆度出发，这种超强电磁场可以被视
为⼀种准实光⼦束流。


• 准实光⼦与核电荷的耦合：当光⼦波⻓远⻓于原⼦核半径，准实光
⼦与原⼦核中的电荷源会整体地耦合在⼀起。


• 相⼲光⼦的数密度：相应的准实光⼦的数密度与重离⼦的核电数 Z 
的平⽅成正⽐，并被称为相⼲光⼦。


• 相⼲光⼦束流的亮度：对于重离⼦来说，Z 通常是⼀个相当⼤的
数，因此其伴随的相⼲光⼦束流具有极⾼的亮度。

⾼能重离⼦超边缘碰撞中极化光致反应 



The photon distribution from a relativistically moving charge particle can be computed 
from its boosted electromagnetic fields

Weizsäcker-Williams method of virtual photon 

“Classical Electrodynamics” Jackson

Fermi 1924, Weizsäcker 1934, Williams 1934



Linearly Polarized Photon 
• Typical transverse momentum of the photon is 1/R, e.g. 30MeV for Pb


• Photons from the highly Lorentz contracted EM filed are linearly polarized in 
the transverse plane
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In the high energy limit

Polarization vector Spin interference effect predicts cos4ϕ modulation

Li, Zhou, Zhou ‘19



Azimuthal angle distribution for dilepton photoproduction 

Phys. Rev. Lett. 127(2021)052302 cos2ϕ modulation 
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• We consider 


• The joint impact parameter and transverse momentum dependent cross section


• The resumed cross section reads


• Sudakov factor in the large mass approximation

Azimuthal asymmetries of muon pair production in  UPCs
DYS, Zhang, Zhou, Zhou ‘23

Hatta, Xiao, Yuan & Zhou  ’21 PRL & PRD



• However, at RHIC energy, where the muon mass is roughly the same order of pT or M, the 
soft factor receives the sizable finite lepton mass correction


• We consider the full finite lepton-mass correction. Its correction to the unpolarized cross 
section is tiny. 


• The contribution from the muon mass effect to the asymmetries is quite sizable 

Azimuthal asymmetries of muon pair production in  UPCs
DYS, Zhang, Zhou, Zhou ‘23
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More EFTs
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Lepton pair production in UPCs

Toward a precision test of the resummation formalism 

DYS, Zhang, Zhou, Zhou ‘23

• We improve the accuracy of the previous calculations beyond the double leading logarithm 
approximation. 


• Notably, the single logs arising from the collinear region are greatly enhanced by the small 
mass of the leptons. 


• Our findings demonstrate the accessibility of these subleading resummation effects through 
the analysis of angular correlations in lepton pairs produced in UPCs.

Precision physics at Heavy ion collisions



UPC and beyond SM



Axion-like particle search
Knapen, Lin, Lou, and Melia ’17 PRL



Dark photon search
Xu, Lewis, Wang, Brandenburg, Ruan ’22 



Anomalous magnetic dipole moments

A significant challenge arises due to the short lifetime of the τ lepton.

电⼦反常磁矩 缪⼦反常磁矩



Tau magnetic moments at e+e-

All the knowledge regarding the aτ and dτ relies heavily on the theoretical 
assumptions made in the analysis, such as the frequent exclusion of other possible 
NP effects.



Tau lepton pair production in UPCs



Magnetic moments in UPCs

https://atlas.cern/updates/briefing/observation-taupair-heavy-ions

see also 成瞳光’s talk



Spin asymmetry and dipole moments in tau-pair production with UPCs
DYS, Yan, Yuan, Zhang ’23 
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The joint impact parameter b⊥ and q⊥ dependent cross section from the QED and dipole interactions 

benchmark parameters from the DELPHI 



Spin asymmetry and dipole moments in tau-pair production with UPCs
DYS, Yan, Yuan, Zhang ’23 

• To determine the coefficients of the cos2φ modulation, 
it is convenient to define


• Assume that the cut efficiencies for future Pb+Pb 
collision would be same as the current values of the 
ATLAS and CMS experiments, and the statistical 
uncertainty δAc2φ can be obtained by properly 
rescaling.


• Incorporating the azimuthal asymmetry into the 
analysis can significantly reduce the parameter space of 
aτ and dτ  


• With the inclusion of more decay modes of τ leptons 
and further optimization, we expect that future 
experimental analyses could significantly improve the 
limit for dτ 

same systematic uncertainties 

reduced systematic uncertainty of 1%
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Summary
• UPC is a golden probe of the strong electromagnetic field 


• All the results support linear polarization 


• Spin interference generates many interesting phenomena 


•  It provides a great laboratory to study: 


• Gluon saturation 


• QGP in EM field 


• all-order precision resummation 


• BSM (tau MDM & EDM, axion-like particle, dark photon)

Thank you








