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Calculation Details

protodunehd_v6_refactored_nowires.gdml

Tingjun's presentation [Jul 8, 2024]

❖ Geometry: protoDUNE-HD (protodunehd_v6_refactored_nowires.gdml)

❖ Light yield of Michel e (from Tingjun's presentation [Jul 8, 2024]):

            𝑳 = 𝟗. 𝟏 × 𝟏𝟎𝟓     for 𝐸𝑀𝐸 = 36.7𝑀𝑒𝑉 and 𝑅 = 0.625

❖ Transmission efficiency: 𝑇 = 0.68

❖ PDE: 𝐴 = 0.02

❖ Photon propagation module: computable graph module for pdhd

❖ Focus on: opch133

133

https://github.com/DUNE/dunecore/blob/develop/dunecore/Geometry/gdml/protodunehd_v6_refactored_nowires.gdml
https://indico.fnal.gov/event/65271/
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Response of OpCh133

https://iopscience.iop.org/article/10.1088/1748-0221/5/06/P06003

❖ Position of opch133: 𝑥, 𝑦, 𝑧 = −356.446, 396.659, 145.861 𝑐𝑚

❖ Fast component of argon light: ~25% (https://iopscience.iop.org/article/10.1088/1748-0221/5/06/P06003 )

❖ Strong PDS signal expected when distance is short

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

https://iopscience.iop.org/article/10.1088/1748-0221/5/06/P06003
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❖ Photon yield estimation of Michel electron 

❖ PDS response to Michel electron 
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Particle Gun (generator):
❖ 10 𝜇+ going toward opch123 [ 𝑥, 𝑦, 𝑧 = −356.446, 396.659, 195.011 𝑐𝑚]

❖ Particle will go through cathode and is expected to stop before APA

123
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Largeant Simulation:
❖ X, Y, Z: in unit of 𝑐𝑚; T: in unit of 𝑛𝑠
❖ Lifetimes of 𝜇+ : 𝜏1 = 5,487.17𝑛𝑠;    𝜏2 = 3,872𝑛𝑠;   𝜏3 = 1,764𝑛𝑠; 
                                    𝜏4 = 1,910𝑛𝑠;          𝜏5 = 1,540𝑛𝑠;   𝜏6 = 12𝑛𝑠;
                                    𝜏7 = 2,611𝑛𝑠;          𝜏8 = 985𝑛𝑠;      𝜏9 = 999𝑛𝑠;      𝜏10 = 4,798𝑛𝑠 
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Event 1: mu^+ & e^+ in Space
Top View

Front view 
(scales of views
 are different)

Side view

❖ 𝜇+ → 𝑒+ + ҧ𝜈𝜇 + 𝜈𝑒

❖ Lifetime of 𝜇+: 5,487.17𝑛𝑠
❖ Decay point: 𝑥 = −287𝑐𝑚𝑥𝐴𝑃𝐴 = −356𝑐𝑚
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Event 1:
❖ Lifetime of 𝜇+: 5,487.17𝑛𝑠

opch123

opch122

opch124

opch112

opch113

opch114

opch132

opch133

opch134
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Combine All 9 Channels
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Event 2:

❖ Lifetime of 𝜇+: 3,872𝑛𝑠
opch132

opch133

opch134

opch122

opch123

opch124

opch112

opch113

opch114

Combine
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Combined Waveforms

Event 3
𝜏 = 1,764𝑛𝑠

Event 4
𝜏 = 1,910𝑛𝑠

Event 5
𝜏 = 1,540𝑛𝑠

Event 6
𝜏 = 12𝑛𝑠

Event 7
𝜏 = 2,611𝑛𝑠

Event 8
𝜏 = 985𝑛𝑠

Event 9
𝜏 = 999𝑛𝑠

Event 10
𝜏 = 4,798𝑛𝑠
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Deconvolution:

OpCh66

❖ SPE template: based on data of protoDUNE-HD calibration run 

❖ Example: SPE_Template_run28371_APA3_111_12_fbk.txt, SPE_Template_run28371_APA3_111_40_hpk.txt

❖ Thanks to Maritza’s sharing!

OpCh78
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Deconvolution:

OpCh66

❖ SPE_Template_run28371_APA3_111_12_fbk.txt is applied to ALL channels
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Deconvoluted Wvfs of Event 1:

❖ Lifetime of 𝜇+: 5,487.17𝑛𝑠

opch132 opch122 opch112

opch133 opch123 opch113

opch134 opch124 opch114

Combine
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Deconvoluted Wvfs of Event 2:
❖ Lifetime of 𝜇+: 3,872𝑛𝑠
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Event 3
𝜏 = 1,764𝑛𝑠

Event 4
𝜏 = 1,910𝑛𝑠

Event 5
𝜏 = 1,540𝑛𝑠

Event 6
𝜏 = 12𝑛𝑠

Event 7
𝜏 = 2,611𝑛𝑠

Event 9
𝜏 = 999𝑛𝑠

Event 8
𝜏 = 985𝑛𝑠

Event 10
𝜏 = 4,798𝑛𝑠

Deconvoluted Waveforms:
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Decay Points of mu^+

Distance to APA plane Projection to APA plane
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Summary

❖ For energy deposition of Michel e (<50MeV), high PE yield expected when distance is short

❖ For waveform simulation, Michel e signal submersed by undershoot in digitized wvfs when decay time is short

❖ Michel e signal can be recovered after deconvolution

❖ Apparent Michel e signal observed against muon bkgs when decay close to X-Arapuca (~100𝑐𝑚)

❖ Great thanks to Laura (Paulucci), Jose (Soto), Alex (Wilkinson), Maritza, Sergio (Corchado) and Viktor

❖ Next steps:

         1. muon event with Michel electron selection in pdhd cosmic production

         2. muon selection in pdhd data

         3. PDS and TPC timing matching

         4. Michel electron energy reconstruction with TPC and PDS joint information
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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
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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):

-3- 



X-Arapucas in APA:
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Comparison With Tingjun’s Estimation
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❖ Tingjun’s results: protoDUNE-SP, photon library
❖ Position: APA3, No.4 bar (Top to bottom)
❖ 16 Arapuca cells combined; single cell size: 

❖ Area*PDE [cm^2]: 𝟏𝟖. 𝟔

❖ My results: protoDUNE-HD, comp graph module
❖ One single X-Arapuca bar; opch133
❖ Size of opch133: 48𝑐𝑚 ∗  10𝑐𝑚
❖ Set PDE as 2%
❖ Area*PDE [cm^2]: 𝟗. 𝟔

❖ Not simple double: for SP case, to get max PE, vertex must be at the “middle” of 16 cells



opch132 opch122 opch112

opch133 opch123

Real Wvfs of Event 1:

❖ Lifetime of 𝜇+: 5,487.17𝑛𝑠

opch134

Combine

-6- 

opch113

opch124 opch114



Real Wvfs of Event 2:
❖ Lifetime of 𝜇+: 3,872𝑛𝑠
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Event 3
𝜏 = 1,764𝑛𝑠

Event 5
𝜏 = 1,540𝑛𝑠

Event 7
𝜏 = 2,611𝑛𝑠

Event 9
𝜏 = 999𝑛𝑠

Deconvoluted Wvfs VS Real Wvfs:
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Event 4
𝜏 = 1,910𝑛𝑠

Event 6
𝜏 = 12𝑛𝑠

Event 8
𝜏 = 985𝑛𝑠

Event 10
𝜏 = 4,798𝑛𝑠

-9- 

Real Wvfs VS Deconvoluted Wvfs:



X
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