
Update on Lepton ID
Changhua Hao, Ligang Xia

Nanjing University

1



Updates

• 1) More angles: 10, 20, 30, 45, 60, 70, 80, 90 degrees

• 2) Use the distance of the cluster in HCAL from the collision point 
for the mu ID to suppress pion faking

• 3) High-energy electrons have strange behavior at 90 degrees
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Electron ID Efficiency and background 
rejection power

WP=60：eID efficiency~60%；muon faking rate=0.14~0.23%；pion faking rate=0.57~0.76% 
WP=70：eID efficiency~70%；muon faking rate=0.25~0.43%；pion faking rate=0.80~1.1%



Electron ID Efficiency and background 
rejection power

WP=80：eID efficiency~80%；muon faking rate=0.36~0.91%；pion faking rate=0.91~1.4% 
WP=90：eID efficiency~90%；muon faking rate=1.3~3.2%；pion faking rate=1.5~3.1%



• In the following 2 slides, the HCAL cluster position information is 
not used. So pi → mu faking rate is high.
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Muon ID Efficiency and background 
rejection power

WP=60：muID efficiency~60%；electron faking rate=3.0~3.5%；pion faking rate=14~18% 
WP=70：muID efficiency~70%；electron faking rate=3.8~4.2%；pion faking rate=14~20%



Muon ID Efficiency and background 
rejection power

WP=80：muID efficiency~80%；electron faking rate=4.4~5.2%；pion faking rate=22~34% 
WP=90：muID efficiency~90%；electron faking rate=6.0~6.7%；pion faking rate=28~43%



R=sqrt(x^2+y^2+z^2) is defined to suppress pi→mu 
faking rate 
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Use HCAL cluster position information: R 
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So it improves the muon ID!
Now it is compatible with the belle2 performance.



High-energy electrons have strange behavior at 90 degrees
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this is 10 degrees 
for comparison purpose.

My first thoughts:
1) It seems high-energy electrons moving in 90 degrees (purcendicular to the 

beam direction) would likely break down into small pieces (EM shower?) 
Also also it is difficult to find an associated track (see many -99 on the 
screenshot).

2) I assume electrons moving in 90 degrees would meet more materials than 
in 10 degrees

3) Apparently it needs a more careful reconstruction of a high-energy 
electron track to collection EM shower (gamma-conversion) and also Ecal 
energy.

4) Moreover, high-energy electrons will likely arrive on HCAL as ECAL is not 
able to stop them completely (because ECAL is the thinnest at 90 degrees).

Ecal Energy,    Track momentum



• BACK UP
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Hcal energy X 4
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Hcal cluster position is a good discriminant for mu/pi separation.



mu/pi separation
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- Hcal cluster position should be 
very powerful to separate mu from 
pi.
- Fangyi is concerned that the good 
separation is due to bad 
calibration/misalignment in Hcal.
- Use energy only for mu ID for the 
moment.
- High-energy electrons will also go 
to Hcal.
- These should be studied further in 
the future.



Angle=10 degrees
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- Particles are moving closer to the beams
- It’s more likely to fail reconstructing dN/dx and TOF. Expected?



p(trk)
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electron: E(ecal) v.s. p(trk)
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muon: E(ecal/hcal) v.s. p(trk)
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pion: E(ecal/hcal) v.s. p(trk)

18



pion Hcal cluster position: Rxy and z 
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Summary

• First look at lepton ID at angle=10 and 90 degrees.

• They would be available soon this afternoon.
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