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Introduction

• Ultraperipheral collisions

• Inclusive �/� production in �� scattering

• Exclusive processes in �� scattering
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Ultraperipheral collisions (UPCs)

1. impact parameter � > 2�
2.equivalent photon approximation, �� or �N 

scattering
3.photon number density ∝ �2
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Ultraperipheral collisions (UPCs)
Photon-photon collisions in UPCs at HL-LHC and FCC 
(cited from JHEP 09 (2022) 248) :
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Inclusive �/� production in �� scattering

LEP II experiment:
    Phys. Lett. B 565, 76-86 (2003)

NRQCD predictions:
    Phys. Rev. Lett. 89, 032001 (2002)
    Phys. Rev. D 69, 014015 (2004)
    Phys. Rev. D 79, 114020 (2009)
    Phys. Rev. D 95, 036001 (2017)
    Phys. Rev.D 84,051501 (2011)
    Phys. Rev. D 112, 1, L011902 (2025)
......

� + � → �/� + � @ �−�+ collider
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Inclusive �/� production in �� scattering

� + � → �/� + � @ �−�+ collider

M.Butenschoen, B.A.Kniehl, 
Phys.Rev.D 84,051501 (2011)

N. Brambilla, M. Butenschoen, X.  P. Wang, 
Phys.Rev.D 112, 1, L011902 (2025)

different CO LDMEs
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Inclusive �/� production in �� scattering

� + � → �/� + � @ �−�+ collider

Difficulties:
• Sizable experimental errors
• CO vs CS 
• Direct photon vs resolved photon (photons interact either directly or 

via their quark and gluon content)
... 

Investigating specific subprocesses separately may help to clarify the 
situation. UPCs at the LHC provide new opportunities... With the luminosity 
upgrade, both inclusive and exclusive processes can be measured.
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Exclusive processes: � + � → �/� + �/�, � + � → �/� + �

Clear production mechanism: 
both CO and resolved contributions are suppressed.

Exclusive processes in �� scattering
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Study on � + � → �/� + �/�: Hao Yang, Zi-Qiang Chen, Bingwei Long, 
Eur. Phys. J. C 85, 802 (2025), up to NLO
• NLO QCD correction is negative and significant.
• Near-threshold-region requires further investigation (Fully charm 

tetraquark).

Exclusive processes in �� scattering

This report is about our research on � + � → �/� + �.
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Some technical details

• Factorization formula

• Perturbative calculation
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Factorization formula
• Equivalent photon approximation framework

Final cross section = subprocess cross section ⨂ equivalent photon 
spectral functions:

Equivalent photon spectral function:
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Factorization formula

• NRQCD factorization formula up to �(�2)

Amplitude for � + � → �/� + �:

short distance coefficients NRQCD matrix elements

Short distance coefficients: matching procedure
NRQCD matrix elements: input parameters
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Factorization formula

• NRQCD factorization formula up to �(�2)

right side:

Matching procedure: considering � + � → ��( 3�1
[1]) + � process
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Factorization formula

• NRQCD factorization formula up to �(�2)
Matching procedure: considering � + � → ��( 3�1

[1]) + � process

left side:

we then elucidate some points in the calculation of ℳ�+�→��( 3�1
[1])+�.
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Perturbative calculation
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Perturbative calculation

Kinematic:
�12 = �22 = �32 = 0,

 �
2
+ � 

2
=  �

2
+ � 

2
= �2,

�2 = 4(�2 + �2) = 4��
2;

� = (�2 − �3)2, 
� = (�1 − �3)2.

Introduce � = �/(4��
2), � = �/(4��

2), which are 

independent of �2 (facilitate the �2 expansion).
to see it, taking the �� rest frame
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Perturbative calculation

Spin-color projector:

Renormalization constants:
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Numerical results

• Cross-check and input parameters

• Numerical results
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Cross-check and input parameters

We reproduce the result of �(�/� → 3�):

Cross-check

F. Feng, Y. Jia, W. L. Sang, Phys. Rev. D 87, 051501 (2013)
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Cross-check and input parameters

Input parameters

To maintain consistency, �, �,  �2  are not treated as independent:

 � = 2 �2 +  �2 ⇒ � = 1.40−0.05+0.05 GeV.

mass scheme:

� =  dPS2  ℳ 2

keep � expand � in  �2  series

� : physical �/� mass
� : charm quark mass
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Numerical results

Kinematic cuts: 
�T > 2 GeV,  ��,� < 2.4
suppress the background 
from the Pomeron 
exchange process and 
facilitate the exclusive 
event selection.
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Numerical results

Resonable convergence 
behavior (in constrast to 
�/� → 3� case):

�(��):  − 50% 
�(�2):  − 33% 
�(���2):  15% 

of the LO term.  
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Numerical results

Typical integrated 
luminosity

Number of candidate
 (� × ℒ × ��(�/� → ℓ−ℓ+) × ��)

Pb-Pb 
(1 month)

5 nb-1 4-8

p-p 
(10 months)

150 fb-1 15-32

Lowering the minimum transverse momentum cut to 1 GeV would 
quadruple the integrated cross sections.
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Numerical results
�T-distribution
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Numerical results
��-distribution
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Summary

• We investigate the exclusive process � + � → �/� + � 
in UPCs at the HL-LHC, up to �(���2).

• The �(��), �(�2), �(���2)  corrections represent 
approximately −50%, −33%, and 15% of the LO 
contribution, exhibiting reasonable convergence 
behavior. 

• Total cross sections including all corrections are  
25.18−10.34+7.18  nb for Pb-Pb collision, and 3.053−1.238+0.865 fb  
for p-p collision. These values suggest that a future 
experimental analysis is feasible.
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