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Introduction

• In the study of electron response

• MC generation threshold affected:

• Secondary electron

• The resolution of quenched energy

• Different KB resulted in different quenched energy distribution

• Simulation threshold and KB will introduce larger resolution ?

• For JUNO (~3% at 1 MeV), the energy resolution is very important, need to check
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JUNO’s requirement on the Energy Resolution
• Baseline: ~3%/sqrt(E(MeV)), corresponding to 6 years data taking

• Affected by photon-electron statistics, the dark noise from PMT and electronics, the 
detector non-uniformity and vertex resolution, and the PMT charge resolution…..
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Quenching
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• Birks’ formula (semi-empirically):
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• For electron and positron, (
𝑑𝐸

𝑑𝑥
)2 term can be ignored

• Quenched energy corresponding to visible energy

• Total visible energy also with the contribution from Cerenkov

Example:

Electron quenching curve

kB = 6.0e-3 g/cm2/MeV  
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Quenching
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• So the loss energy is independent to cut threshold

• With low threshold, the secondary electron is generated and tracked

• For a step which with secondary electron

• 𝑑𝐸 = 𝑑𝐸1 + 𝑑𝐸2, dE1 is ionization, and 𝑑𝐸2 is for secondary electron

• Without secondary electron: 𝑑𝐸𝑞𝑢𝑒𝑛𝑐ℎ𝑒𝑑 =
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• With secondary electron: 𝑑𝐸′𝑞𝑢𝑒𝑛𝑐ℎ𝑒𝑑 =
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• dEquenched != dE′quenched

• In geant4, from User Guide: 
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• JUNO’s Geant4 software framework

• Light Yield: 11523 (nominal)

• The current KB = 6.5e-3 g/cm2/MeV

• Particle gun: gamma / e-

• Position: (0,0,0)

• Kinetic energy: 0.5, 1.0, 1.5, 2.0 MeV

• Event: 99K for each kinetic energy

• Threshold in MC:

• Default: cutForGamma 1.0mm, cutForElectron 0.1mm, cutForPositron 0.1mm

• Modify threshold to 0.1*default and 0.01*default

Setting in MC



Quenched energy
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• Low threshold corresponding to small quenched energy and large resolution

• Large KB result in small quenched energy and large resolution

• In the case of default threshold, quenched energy distribution of electron with low energy tail



Simulation results (gamma)
• Low simulation threshold will result in a larger resolution compare to the case of 

nominal setting
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Simulation results (gamma)
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• Default threshold and KB=6.5, resolution = 0.805%

• Large KB will introduce large resolution



Simulation results (electron)
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• Low simulation threshold will result in a larger resolution compare to the case of 
nominal setting



Simulation results (electron)
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• Default threshold and KB=6.5, resolution = 0.421%

• Large KB will introduce large resolution



Simulation results  (gamma)
• When we modify the simulation threshold, totalPE for 1 MeV gamma is also change

• Need to modify the Light Yield to ensure the totalPE is almost identical in different cases
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The change of resolution comes 

from both quenched energy 

distribution and photon-electron 

statistics



Simulation results (gamma)
• After modified Light Yield

• Photon number is almost the same

• The change of resolution only comes from quenched energy distribution
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Simulation results (gamma)
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• Default threshold and KB=6.5, resolution = 3.129%

• Large KB will introduce large resolution



Simulation results (electron)
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Simulation results (electron)
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• Default threshold and KB=6.5, resolution = 2.846%

• Large KB will introduce large resolution



Summary

• For relative comparison (the above values are not absolute value), low simulation 
threshold and large KB will result in larger resolution compare to the result of 
nominal setting

• Need to consider which setting is more reliable

• Even if we get gamma’s resolution, we can’t naive apply it to electron directly
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totalPE
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