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Overview
• Electrons (e) and photons (γ) are critical to the experimental high energy physics 

program at the LHC

• e & γ appear in several new physics signatures

• Also critical to standard model measurements

• At CMS, Reconstruction & Identification of e & γ is done primarily using 
information from silicon tracker & electromagnetic calorimeter (ECAL)
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Physics searches/measurements with e & γ
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JHEP 07 (2021) 027

CERN-EP-2022-114
Submitted to the JHEP

CERN-EP-2022-053
Submitted to the EPJ-C

Search for non-resonant Higgs 
boson pair production in the 
four leptons plus two b jets 
final state

Measurement of the mass 
dependence of the 
transverse momentum of 
lepton pairs in Drell-Yan

Measurements of Higgs boson 
production cross sections and 
couplings in the diphoton decay 
channel

Search for long-lived 
particles decaying to 
displaced leptons

Eur.Phys.J.C 82(2022)1537

http://dx.doi.org/10.1007/JHEP07(2021)027
https://cds.cern.ch/record/2813061?ln=en
https://cds.cern.ch/record/2809120?ln=en
https://link.springer.com/article/10.1140/epjc/s10052-022-10027-3


The CMS Run 2 detector
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all silicon, full coverage |η|<2.6
Even beyond, |η|>2.6, some coverage from the pixel detector

PbWO4 crystals Hermetic Barrel & Endcap
Additional preshower for endcap



ECAL energy reconstruction and performance
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A multi template fit with multiple pulses for different bunch crossings

The “multifit” method uses templates derived from collision data

CERN-CMS-DP-2020-021

JINST 15 P10002

https://cds.cern.ch/record/2717925
https://iopscience.iop.org/article/10.1088/1748-0221/15/10/P10002


Reconstruction
• Clustering of ECAL clusters
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Clusters 
corresponding 
to electrons / 
photons 

these two clusters overlap, clustering algo shares energy of 
yellow rec-hits between the two clusters according to a 
Gaussian energy profile, each gets a fraction of the rec-hit 
energy

found 5 Clusters 



Reconstruction
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Moustache supercluster
A cluster of clusters

JINST 16 P05014
• Clustering of ECAL clusters

https://iopscience.iop.org/article/10.1088/1748-0221/16/05/P05014


Reconstruction
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Refined Supercluster

Refined superclusters use the 

information from the tracker, to be 

able to link bremsstrahlung emissions 

to missed ECAL deposits

Information from clustering and 

tracking is used in tandem to 

achieve best resolution

• Clustering of ECAL clusters
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Reconstruction
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Refined superclusters use the information from the 

tracker, to be able to link bremsstrahlung emissions to 

missed ECAL deposits

There is also dedicated photon conversion recovery algorithm

• Clustering of ECAL clusters
JINST 16 P05014

https://iopscience.iop.org/article/10.1088/1748-0221/16/05/P05014


Reconstruction
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Energy corrections
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• Several losses occur before electrons and photons deposit energy in the ECAL

➢ We calibrate the reconstructed energy back to expected original energy using 
correction procedures

➢Employ machine learning in tandem with algorithmic approaches

➢Tracker information used for E-p combination

JINST 16 P05014

https://iopscience.iop.org/article/10.1088/1748-0221/16/05/P05014


High level trigger performance
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• We do not collect all collision data: we deploy triggers to collect interesting data

• Trigger could mean presence of single high energy electrons, two high energy 
electrons, high energy photons

• Excellent and stable performance of these triggers during all of Run 2 



Identification
• Two schemes are primarily used for identification:

➢Via series of selections on various high-level properties

➢Via machine learning based classifiers trained on these high level properties

What are high level properties? 

➢Description of the electromagnetic shower

(energy deposit pattern, lateral and longitudinal spread etc.)

➢Tracking and clustering matching parameters

(momentum trajectory extrapolated to ECAL considering the magnetic field etc.)

➢Quantification of isolation of these objects

(Energy sums of crystals in ECAL in a defined area, leakage in HCAL etc.)  
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Identification
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• Two schemes are primarily used for identification:

➢Via series of selections on various high-level properties

➢Via machine learning based classifiers trained on these high level properties

Photons

JINST 16 P05014

Photons Electrons

https://iopscience.iop.org/article/10.1088/1748-0221/16/05/P05014


Looking forward to Run 3
• Run 3 going on as we speak (First collisions seen on the 5th of July)

• It will come with several challenges 

➢Higher pileup Interactions 

➢Noise in ECAL will increase

Several new developments to tackle the challenges:

ECAL SuperClustering with Machine Learning - CMS-DP-2021-032

Performance of electron energy calibration in the CMS ECAL using graph neural networks
- CMS-DP-2022-009 

Performance of photon energy corrections in the CMS ECAL using graph neural networks
- CMS-DP-2022-019

ECAL trigger for Run 3: - CMS-DP-2022-016 

ECAL Clustering for run 3 - CMS-DP-2022-015

ECAL DeepSC Particle ID - CMS-DP-2022-010 
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http://cds.cern.ch/record/2792321?ln=en
http://cds.cern.ch/record/2809560?ln=en
http://cds.cern.ch/record/2814001?ln=en
http://cds.cern.ch/record/2812785?ln=en
http://cds.cern.ch/record/2812783?ln=en
http://cds.cern.ch/record/2810160?ln=en


Conclusions
• The CMS detector gave excellent performance for reconstruction and 

identification of electrons and photons in Run2 of the LHC

• We had stable energy resolution and identification efficiencies for the full Run 2 
data-taking period

• Several high quality physics results published by CMS using electrons and photons 
in Run 2

• We are looking forward to see the performance of electrons and photons in the 
challenging Run 3 collisions

• Several related talks/posters on electrons and photons in ICHEP 2022
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The ultimate CMS ECAL calibration and performance for the legacy reprocessing of LHC Run 2 data - Raffaella Tramontano
Deep learning techniques for energy clustering in the CMS electromagnetic calorimeter - Badder Marzocchi
The CMS ECAL upgrade for precision timing measurements at the High-Luminosity LHC - Stefano Argiro
Calorimetry with Graph Neural Networks in CMS - Simon Rothman

https://agenda.infn.it/event/28874/contributions/169092/
https://agenda.infn.it/event/28874/contributions/169201/
https://agenda.infn.it/event/28874/contributions/169092/
https://agenda.infn.it/event/28874/contributions/169198/


BACKUP
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CMS DP -2019/043
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Time resolution measurement
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• ECAL also provides a time of arrival for energy deposits 

• This can help separate prompt electrons and photons from backgrounds

JINST 16 P05014

https://iopscience.iop.org/article/10.1088/1748-0221/16/05/P05014
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