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Outline

Ultraperipheral collisions (UPCs)

Acoplanarity (azimuthal decorrelation) of dijet productions from               

photon-photon fusions

Acoplanarity & cos2φ, cos4φ azimuthal asymmetries in di-lepton 

(e+e- & μ+μ-) productions

Summary and outlook
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Two nuclei miss each other, 
interact electromagnetically

Different types: γ-γ, γ-A Fast moving nucleus, highly boosted and almost 
transverse electromagnetic fields

Ultraperipheral collisions (UPCs)

Initial state coherent photons & gluons

Final state soft radiations & resummations 3



Born cross section of  A(γ)A(γ) → qq:

QM2022, ATLAS-CONF-2022-021

acoplanarity
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Woods-Saxon nuclear charge form factor:

Equivalent photon approximation(EPA):
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Factorization and Resummation formalism in 
Soft-Collinear Effective Theory (SCET):

Energy modes in the factorized expression

hard function jet function

acoplanarity
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RG equation of the hard function

RG equation of the hard function

RG consistency relations

Evolve the hard and jet function at NLL accuracy
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QM2022, ATLAS-CONF-2022-021

Acoplanarity

C.Z., Q.S. Dai and D.Y. Shao, JHEP02(2023)
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Di-lepton (e+e-) production

BW. Xiao, and F. Yuan, J. Zhou, 2020 Phys.Rev.Lett

RJ. Wang, Shi Pu, and Qun Wang, 2021 Phys.Rev.D

W. Zha, L. Ruan, Z. Tang, Z. Xu, S. Yang, 2018 Phys. Lett.B
Azimuthal asymmetry

C. Li, J. Zhou and Y. Zhou, 2020

9



e+e- production in UPCs
Resummation formula that includes lepton mass resummation

Anomalous dimension

RG consistency relations

Sudakov factor

Y. Hatta, BW. Xiao, F. Yuan, and J. Zhou, 2021 Phys. Rev. Lett 10



Born cross section of dilepton

Soft photon resummed cross section

Azimuthal asymmetry

Born cross section
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Factorization formula at low α

Sudakov factor for α distribution

CMS, 2021 Phys.Rev.Lett. ATLAS, 2207.12781Acoplanarity
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Di-lepton (μ+μ-) production

STAR QM 2022

Azimuthal asymmetry
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Azimuthal asymmetries of μ+μ- production

Resummed cross section

Born cross section
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Soft function

Massless limit

Massive soft function

Y. Hatta, BW. Xiao, F. Yuan, and J. Zhou, 
2021 Phys. Rev. Lett

S. Catani, M. Grazzini, A. Torre, 2014 Nucl.Phys. B
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Azimuthal asymmetry
RHIC

LHC

D.Y. Shao, C.Z., J. Zhou, Y.j. Zhou, Phys.Rev.D(2023)
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Azimuthal asymmetry
RHIC μ+μ-

LHC μ+μ-

D.Y. Shao, C.Z., J. Zhou, Y.j. Zhou, Phys.Rev.D(2023)
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RHIC e+e-



Summary

Dijet productions in UPCs: initial EPA photon & final QCD radiations leads to the factorization and 

resummation formula at NLL accuracy in SCET. Good agreement with the ATLAS acoplanarity, 

wider than Pythia8.

e+e-  productions: single logarithm accuracy of resummation formula is essential to describe the 

acoplanarity data from ATLAS and CMS.

μ+μ- productions: muon mass corrections to the asymmetries is quite sizable at large q⊥. At low 

q⊥, the asymmetries are mainly induced by the linearly-polarized coherent photons.

Thanks! 18
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RHIC μ+μ-
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Spencer Klein, A. H. Mueller, Bo-Wen Xiao, and Feng Yuan, 2019 Phys.Rev.Lett
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