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MC Samples

• MC samples are produced with the CEPCSW master(2024.12.19)+ 
Chenguang’s TofRecAlg package and the CyberPFA algorithm

• Particles in particle gun: electron, muon and pion

• Momentum:
• 1) 2~10GeV with an interval of 1 GeV
• 2) 20~80GeV with an interval of 10 GeV
• 3) 1000 events for each momentum point

• Angle: 45 degrees
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Track pT

Some electron tracks have a 
momentum significantly smaller 
than that at production.
1) radiation loss
2) conversion happens and a 

soft secondary electron is 
mis-associated to a cluster
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Electron ID

Features in PID:
- EEcal/Ptrk ~ 1 for electrons
- construct a chi2: chi2=(x-mean)^2/sigma^2
- mean, sigma: momentum/angle dependent 
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Muon ID (Ecal part)

Features in PID:
- Energy deposit in Ecal: roughly single energy for muon
- Energy deposit in Hcal: roughly single energy for muon
- construct a chi2 for each energy: chi2=(x-mean)^2/sigma^2
- mean, sigma: momentum/angle dependent 5



Muon ID (Hcal part)

Features in PID:
- Energy deposit in Ecal: roughly single energy for muon
- Energy deposit in Hcal: roughly single energy for muon
- construct a chi2 for each energy: chi2=(x-mean)^2/sigma^2
- mean, sigma: momentum/angle dependent 6



Belle2 detector

• Combine all subdetectors

• For 90%WP:
• misID(pi->e)=0.411%
• misID(pi->mu)=7.33%

• Moriond2022: paper link
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https://docs.belle2.org/files/3274/Lepton_identification_Moriond_2022__v2/1/Lepton_identification_Moriond_2022__v2.pdf


Combined leptonID

• chi2=chi2(tpc)+chi2(tof)+chi2(Eecal/p) for electrons

• chi2=chi2(tpc)+chi2(tof)+chi2(Eecal)+chi2(Ehcal) for muons

• Note: a subdetector like tof may fail to reconstruct tof and 
chi2(tof)=0.

• Subtlety: NDF is different. But the impact shall be minor. Will not 
consider it for the moment.
• some details: chi2 abides a chi2 distribution, whose average is NDF. So 

the “chi2” defined above is a combined distribution of chi2 with different 
NDFs.
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Electron ID performance

• 80% WP: 
• definition: chi2<13(2GeV), chi2<9(10GeV), chi2<9(80GeV)
• misID(mu->e) = 0.2% - 0.3%, misID(pi->e)=0-0.5%

• 90% WP: 
• definition: chi2<37(2GeV), chi2<23(10GeV), chi2<21(80GeV)
• misID(mu->e) = 0.2%-1.0%, misID(pi->e)=0-6.5%

Belle2 90%WP

Similar performance to Belle2
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Muon ID performance

• 80% WP: 
• definition: chi2<17(2GeV), chi2<11(10GeV), chi2<11(80GeV)
• misID(e->mu) = 0.% - 0.2%, misID(pi->mu)=2-16%

• 90% WP: 
• definition: chi2<37(2GeV), chi2<19(10GeV), chi2<19(80GeV)
• misID(e->mu) = 0.%-0.2%, misID(pi->e)=4-37%

Belle2 90%WP

Similar performance than Belle2
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electron ID performance 
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Belle2 90%WP

Similar performance
 to Belle2



muon ID performance 
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Belle2 90%WP

Similar performance
 to Belle2



Summary

• Lepton ID design has been finished for p=2~80GeV and 
angle=45degrees

• Will implement them in the CEPCSW soon.

• Meanwhile, Changhua is working on other angles.

• Some people (Shuo et al.) want to the electron ID asap. We can 
provide the definitions which can be used at the analysis level.
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戴芳
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