
Michel 𝑒± Selection on 

PDHD MC Production
Shuaixiang (Shu) Zhang

Indiana University
Dec 9, 2024 (Mon)



-1- 

Photon Yield of Michel Electron
https://indico.fnal.gov/event/66544/

❖ Estimation: https://indico.fnal.gov/event/66544/ 

❖ Considerable photon yield when distance to X-Arapuca < 200𝑐𝑚

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 351𝑐𝑚 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 181𝑐𝑚 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 11𝑐𝑚

https://indico.fnal.gov/event/66544/
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Michel Electron Selection 
❖ Dataset: hd-protodune:hd-protodune__pdhd_mc_2024a__full-

reconstructed__v09_85_00d00__standard_reco_protodunehd__prod_beam_cosmics_1GeV_protod

unehd__out1__v0 (SCE off)

❖ Selection Criteria:

             1. Decay point: 156 < 𝑥  (Distance to APA plane < 200𝑐𝑚)

             2. Michel score: > 0.1
             3. # 𝑀𝑖𝑐ℎ𝑒𝑙 ℎ𝑖𝑡𝑠 ≥ 5

133

❖ Selection result: 6 candidates over 100 events

Separation of track- and shower-like energy deposits in  ProtoDUNE-SP using a convolutional neural network

Separation of track- and shower-like energy deposits in  ProtoDUNE-SP using a convolutional neural network

❖ Michel 𝑒± evaluation:  Separation of track- and shower-like energy 
deposits in  ProtoDUNE-SP using a convolutional neural network

❖ Example: 

https://link.springer.com/article/10.1140/epjc/s10052-022-10791-2
https://link.springer.com/article/10.1140/epjc/s10052-022-10791-2
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Michel Electron Candidate 

❖ Following analysis will be based on this event
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TPC & PDS Timing Matching 
❖ Selection criteria:  0 < 𝑡𝑃𝑎𝑛𝑑𝑜𝑟𝑎 − 𝑡𝑃𝐷𝑆 < 0.08
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PDS Reponses (I)
❖ Focus on X-Arapucas close to decay point 
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❖ Wvf of PDHD: 1024 ticks; 16ns/tick 

113

114

123

124

133

134

115125135

opch113 + opch124

PDS Reponses (I)



-7- 

Summary

❖ Michel electron selection first performed on PDHD MC production

❖ Michel electron selection efficiency is moderate

❖ Good TPC and PDS timing matching

❖ Many thanks to Tingjun; Analysis here is based on Tingjun’s work on PDSP data

❖ Next steps:

         1. Fix current waveform

         2. Apply deconvolution

         3. Do selection on PDHD data
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protoDUNE-HD Geometry Review
protodunehd_v6_refactored_nowires.gdml

❖ protodunehd_v6_refactored_nowires.gdml

❖ 160 optical channels; All X-Arapuca bars; 48𝑐𝑚 × 10𝑐𝑚

z

x

y

Back APA 00

01

02

…

10

11

12

70

79

80

81

…

90
150

159

-1- 

https://github.com/DUNE/dunecore/blob/develop/dunecore/Geometry/gdml/protodunehd_v6_refactored_nowires.gdml


Optical Channel Labels (I):
❖ APA and Field cage border: 𝑥 ∈ −360, 360 𝑐𝑚, y ∈ −10, 620 𝑐𝑚, 𝑧 ∈ −5, 470 𝑐𝑚
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Optical Channel Labels (II):
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X-Arapucas in APA:
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