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• Accelerated charged particles generate huge 
electromagnetic fields (1014 T), source of huge photon 
fluxes


• Cross-section, 𝛔 (𝛾𝛾) ~ Z4 (for PbPb, 5.107 times larger 
than p, e±)

Photon induced processes in ultra-peripheral (UPC) collisions

Source

https://cds.cern.ch/record/1544220
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Photon induced processes in ultra-peripheral (UPC) collisions

Introduction

• Accelerated charged particles generate huge 
electromagnetic fields (1014 T), source of huge photon 
fluxes


• Cross-section,𝛔 (𝛾𝛾) ~ Z4 (for PbPb, 5.107 times larger 
than p, e±)

Photon pair production 

 Light-by-light scattering proceeds 
through box diagram Axion-like particles (ALPs)

Lepton pair production 

• Breit-Wheeler (𝛾𝛾 → ee) process

• Muon and tau lepton pair production

A unique tool for precision test of  Standard Model and searches for new physics
Source

https://cds.cern.ch/record/1544220
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Photon pair production
• Evidence by ATLAS (2017) and CMS (2019), 

observation by ATLAS (2019) in UPC PbPb collisions


• 2𝜎 excess seen by ATLAS


• Backgrounds:


• Breit-Wheeler process


• Central exclusive production (CEP)

• CMS PbPb UPC (2019) set first competitive limits 
in ALPs production (𝛾𝛾 → a → 𝛾𝛾) in the 5-90 GeV 
mass range


•  ATLAS (2019) measurement now superseded 
except in the lowest mass

JHEP 03 (2021) 243

JHEP 03 (2021) 243

https://www.nature.com/articles/nphys4208
https://www.sciencedirect.com/science/article/pii/S0370269319305404
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Signal Selection

•Modified low ET  𝛾/e reconstruction to go down to 

ET > 2 GeV 


•Two well reconstructed electrons/photons: invariant 

mass mee,𝛾𝛾 > 5 GeV, pTee,𝛾𝛾 < 1 GeV, acoplanarity 

(Aɸ = 1 - Δφee,𝛾𝛾/𝛑) < 0.01


•Excluding any other neutral particles and charged 

particles 


•Less than  3 neutron emissions in both side Zero 

degree calorimeters


Signal selectionPranati Jana   16/10/2024

CMS-DP-2022-006

Source

PPC 2024, Hyderabad

https://cds.cern.ch/record/2806501?ln=en
https://inspirehep.net/files/eccc173197ef02335f79bc831daf2fce
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Breit-Wheeler Process

Results (𝛾𝛾→e+e-)Pranati Jana   16/10/2024
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Theoretical predictions:  
NLO: gamma-UPC/MG5 + FSR (PY8) : 265 µb


CMS-PAS-HIN-21-015

Acoplanarity distribution Aɸee = 1 - Δφee/𝛑
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Unfolded distribution: 

• Within uncertainties very good agreement between data and 
predictions


• NLO QED is in better agreement with data


PPC 2024, Hyderabad

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-015/index.html
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Light-by-light Process : Background Estimation

Results  (𝛾𝛾 → 𝛾𝛾)Pranati Jana   16/10/2024

• Breit-Wheeler : 

• Averaging Superchic and Starlight MC to increase statistics
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• In light-by-light process, two photons are expected to be exactly back to back, acoplanarity (Aɸ)  ≈ 0 

• CEP : 

• Large theoretical uncertainty in cross section


• Normalized to data in the acoplanarity tail (Aɸ > 0.015)

• In the Aɸ < 0.01 region, total 26 data, 12.8 signal MC, 10.1 CEP MC, 1.9 QED e+e-  events

• Significance observed (expected): 5.8𝜎 (4.4𝜎)

Background estimation: 

PPC 2024, Hyderabad

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-015/index.html
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Light-by-light Process: Unfolded Distribution

Pranati Jana    16/10/2024

• Within uncertainty agreement with 

NLO is good 

γγy
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Results  (𝛾𝛾 → 𝛾𝛾)

CMS-PAS-HIN-21-015

Theoretical predictions: 
LO (Superchic): 93 nb

NLO (gamma-UPC): 95.4 ± 2 nb


Total uncertainty (statistical/non statistical) : 24% (15%/19%)

PPC 2024, Hyderabad

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-015/index.html
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Limits on Axion-Like Particles

Pranati Jana    16/10/2024

• Measured diphoton invariant mass distribution used to search for narrow resonances (ALPs) on top of 

the light-by-light continuum 


• This limit on cross section 𝛔 (𝛾𝛾 → a → 𝛾𝛾) for ALPs with mass range 5-90 GeV used to determine the 

exclusion region in the ga𝛾 vs. ma plane


• Achieved the most stringent limit from 5-10 GeV
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Results  (𝛾𝛾 → 𝛾𝛾)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-015/index.html


𝝉-leptons pair production 
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𝝉-leptons pair production and previous a𝝉 measurements
• 𝛾𝝉𝝉 vertex is sensitive to a𝝉 = (g-2)𝜏 / 2


• DELPHI had the best measurement since 2004


• First LHC observations by CMS (2015 data) and ATLAS (2018 data) in UPC PbPb
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γττ → Z →ee 

γττ → Z →ee 

 from p)γ (ττ → γγ

PRL 131 (2023) 151803

PRL 131 (2023) 151802

EPJC 35 (2004) 159

PLB 434 (1998) 169

PLB 434 (1998) 188

This result

SM

Observed 68% CL 95% CL
 (13 TeV)1−138 fbCMS

• CMS measurement in pp improved the previous best a𝝉 
measurement by DELPHI, exploiting the a𝝉 sensitivity in high 
𝝉𝝉 mass

Rep. Prog. Phys. 87 107801

http://www.apple.com
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://iopscience.iop.org/article/10.1088/1361-6633/ad6fcb/pdf
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Analysis strategy
• Low 𝜏𝜏 invariant mass: complementary to the pp analysis


• 2018 dataset ~ 4 times larger dataset than 2015


• Low pT e/𝛾 study exploited from light-by-light analysis
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• Non-exclusive background in semi-leptonic channels is 
estimated with a data-driven method


• Exclusive 𝛾𝛾 → ee, 𝛾𝛾 → 𝜇𝜇, & 𝛾𝛾 → 𝜇𝜇𝛾 can be 
removed by acoplanarity cut

• In 𝜇+1prong, no neutrons in the Zero Degree Calorimeters 
(ZDC) (0n0n)
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Data-MC comparison

• Signal stacked on top of background(s), compared to data


• Good agreement between data and the signal+background model
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Extraction of a𝝉 
• 𝛾𝛾 → 𝜏𝜏 samples with −0.1 < a𝝉  < 0.1 generated with UPCgen


• Fit performed on lepton 𝑝T  with the most sensitivity to a𝝉


• Limits on a𝝉 and fiducial cross section are extracted
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a𝝉 measurement
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• Limits on a𝝉 from this Analysis: 

• SM prediction: a𝝉 = 0.001 177 21(5)

• The most precise measurement of 𝛾𝛾 → 𝜏𝜏 cross section


Results (𝛾𝛾 → 𝜏𝜏)

CMS-PAS-HIN-24-011
LHC seminar by Cecile Sarah Caillol

• Total systematics ~ 5%, dominated by muon and pion efficiency 
and lumi


http://cds.cern.ch/record/2912969?ln=en
https://indico.cern.ch/event/1355799/
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Summary
• Breit-Wheeler process: NLO QED prediction is well agreement with data
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Summary
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• Breit-Wheeler process, NLO QED prediction is well agreement with data


• 𝛔fid (𝛾𝛾→𝛾𝛾) = 107 ± 33 (stat) ± 20 (syst) nb well in agreement with NLO prediction


• ALPs limit: Stringent limit for 5-10 GeV ALPs  masses


Summary
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Summary
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• Breit-Wheeler process, NLO QED prediction is well agreemnent with data


• 𝛔fid (𝛾𝛾→𝛾𝛾) = 107 ± 33 (stat) ± 20 (syst) nb well in agreement with NLO prediction


• ALPs limit: Stringent limit for 5-10 GeV ALPs  masses


• Among best limits of a𝝉 in the low 𝜏𝜏 mass region


• The most precise measurement of 𝛾𝛾 → 𝜏𝜏 cross section


Summary

CMS-PAS-HIN-24-011

CMS-PAS-HIN-21-015

http://cds.cern.ch/record/2912969?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-015/index.html
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Run3  UPC PbPb performance @CMS
• Increased lumi in Run3


Run3 performances

CMS-DP-2024-011

Stay tuned for the new results!

https://cds.cern.ch/record/2909496?ln=en
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LbyL Process : Detector Level Distribution
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• Good agreement in the detector level 
distributions between data, signal and 
background MCs
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B-W Process : Detector Level Distribution
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• Overall good agreement in the detector level distributions, Superchic + FSR (Photos++) 
describes the pTee tail better than Starlight due to the adding of FSR
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B-W Process: Unfolded Distribution
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• Unfolded kinematic distributions 
compared with Superchic 3.03+FSR, 
gamma-UPC/MG5+FSR and Starlight 
3.13, default unfolding performed with 
Superchic 3.03+FSR


• Average ±5% and in the tail ±15% 
uncertainty due to the unfolding added 
with the rest of systematics  


•  Within uncertainties very good 
agreement between data and predictions 
except the Starlight in pTee
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𝝉-leptons pair production: Selection
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Neutral exclusivity

Muon selection criteria


