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Introduction

Michel electrons
- Pt - esvyve with Ee=0-50 MeV Previous analysis in LArTPC:
- Abundant in cosmics: ~1 /cmZ/s - ProtoDUNE-SP
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https://github.com/DUNE/protoduneana/blob/develop/protoduneana/verticaldrift/michel/MichelAnalysis_module.cc

PDVD Simu: Stopping Muon Selection

select well reconstructed stopping muon candidates
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PDVD Simu: Stopping Muon Selection

select well reconstructed stopping muon candidates Using Pandora track reconstruction

- Quality cuts (length, regression r2, jumping tracks)
- Cathode crossing, for X reconstruction Michel electron illustration
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PDVD Simu: Stopping Muon Selection

quality + cathode + fiducial

select well reconstructed stopping muon candidates

- (Quality cuts (length, regression rZ, jumping tracks)

dQ/ds in fC/cm

- Cathode crossing, for X reconstruction

» Michel events only in bottom drift

» first tests with anode crossing were inconclusive
- Ficucial cuts, 20cmmarginin X, Y, Z, 1

- Calorimetry, search for a Bragg peak 0
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PDVD Simu: Stopping Muon Selection

quality + cathode + fiducial

select well reconstructed stopping muon candidates i
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- Calorimetry, search for a Bragg peak



PDVD Simu: Stopping Muon Selection

quality + cathode + fiducial

select well reconstructed stopping muon candidates
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PDVD Simu: Michel Selection

Select well reconstructed stopping muon candidates Using Pandora track reconstruction

- Quality cuts (length, regression r2)
- Cathode crossing, for X reconstruction Michel electron iflustration
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PDVD Simu: Michel Selection

Select well reconstructed stopping muon candidates Using Pandora track reconstruction

- Quality cuts (length, regression r2)
- Cathode crossing, for X reconstruction Michel electron iflustration
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PDVD Simu: Michel Selection

Select well reconstructed stopping muon candidates

| | Cosmics (by Y. Kermaidic, workflow 11250}
- Quality cuts (length, regression r2)

: : ProtoDUNE-VD: Simulation
- Cathode crossing, for X reconstruction

» Michel events only in bottom drift all tracks  full selection

» Tirst tests with anode crossing were inconclusive
- Fiducial cuts, 20cmmargin in X, Y, Z, 1

| all tracks 374°347 699
- Calorimetry, search for a Bragg peak
Select Michel electron event candidates truly
. stopping 30272 664
- Topological cuts MUONS
» no long tracks passing by truly
» at least 4 Hits 10 cm around the end point decaying 20871 011
muons

» barycenter-muon angle in 30°-150°



PDVD Simu: Michel Selection

Select well reconstructed stopping muon candidates

| | Cosmics (by Y. Kermaidic, workflow 11250}
- Quality cuts (length, regression r2)

: : ProtoDUNE-VD: Simulation
- Cathode crossing, for X reconstruction

» Michel events only in bottom drift all tracks  full selection

» Tirst tests with anode crossing were inconclusive
- Fiducial cuts, 20cmmargin in X, Y, Z, 1

all tracks 374347 699
- Calorimetry, search for a Bragg peak
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» no long tracks passing by truly
» at least 4 Hits 10 cm around the end point d;"uaoyri';g 20871 <— 611 Purity: 87 %

» barycenter-muon angle in 30°150° Efficiency: 2.3 %



PDVD Simu: Michel Selection

Selection efficiency bias Cosmics (by Y. Kermaidic, workflow 11250)
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PDVD Simu: Michel Selection

Selection efficiency bias Cosmics (by Y. Kermaidic, workflow 11250)

> 035
S - ProtoDUNE-VD: Simulation ProtoDUNE-VD: Simulation
aL‘E’ 0.31 * e £l solacti
- B A —h— 4 all tracks ull selection
0.25— ()
— A quality | 4 29%
B B cahtode | p 10%
P o fiducial| u 10% alltracks ~ 374'342 699
— v calorimetry | 4 7%
015_— +  michel | p 3% tl’UlV Purlty: 95 O/O
— I ! P . 0)
0.1F- e S stopping 30272 <«—— 664 Efficiency: 2.2 %
— — v v Y S MuUons
0.05:— T truly |
B —— ———— 4 decaying 20871 €—— 0611 Purity: 87 %
O_I N N TR T TN N N TN T TN NN N T N TN SN N SN NN TN MO NN SO N M muons EffiCiency: 29 O/O

10 20 30 40 50 60
Michel True Energy in MeV

no reconstructed Michel
electrons below 5 MeV



PDVD Simu: Energy Integration

Integrate all charges in a 20 cm radius (excl. long tracks)
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PDVD Simu: Energy Integration

Integrate all charges in a 20 cm radius (excl. long tracks)
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PDVD Simu: Energy Integration

Integrate all charges in a 20 cm radius (excl. long tracks)
Reconstructed vs. True Energy
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PDVD Simu: Energy Integration

Integrate all charges in a 20 cm radius (excl. long tracks)
Reconstructed vs. True Energy
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PDVD Data

Michel electron spectrum
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PDVD Data

Simulation:
- Cosmics (by Y. Kermaidic, workflow 11250)
- 9'940 events (of 6'000 ticks)

- 374 342 tracks tota . Michel electron spectrum
- 835 michel electron candidates <
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PDVD Data

Simulation:
- Cosmics (by Y. Kermaidic, workflow 11250} s [ —
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PDHD Simu

Analysis on PDHD
- Cosmics (full dataset mc 2025a)

- Different module version (available here)

- Same analysis logic

quality + cathode + fiducial + bragg

£ ] 30 -
31201 e e : 1180
© [} stopping muon | p 144 0 6.0 N 7798 | 1 z~. Py
B cut efficiency — - qq
= cut purity -} c 1 60
1000 }— ———————— cut at 14.0 | eff 62% pur 56% - Q P 25
- - © o
i N 0.8 3 —1140
- \\_ _ 5 O
N\ =
800} 1 5 20 120
. 1 B
L U\ —0.6% 100
600 } 15
: B ’ 80
i \ 0.4
400 ——] - 10 60
- — M — _
i I 1 _ "’ 40
L _f_'_'_ _|_\_|_‘—l—|_|\ B 20
: — lb_m_%
0 I ] ] ] ] | ] ] ] | ] 1 ] 1 0 0 L1 w1 ® = - - 1 - 0
0 10 20 30 0 3 10 15 20 25 30

end dQ/ds in fC/cm residual range in cm


https://github.com/quelin-lechevranton/michel-module/blob/eb6b2f35bcd3cef95c43bbd020f72b75ead6aa9e/MichelAnalysis_module.cc

PDHD Simu

Analysis on PDHD

- Cosmics (full dataset mc 2025a)

- Different module version (available here)

- Same analysis logic
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ProtoDUNE-HD: Simulation

Al tracks full selection
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https://github.com/quelin-lechevranton/michel-module/blob/eb6b2f35bcd3cef95c43bbd020f72b75ead6aa9e/MichelAnalysis_module.cc

PDHD Data

Simulation:
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Conclusion

Muon selection

- Working well overall, clear Bragg peak

- Normalization to be better understood PDVD Data

Run 40°890
Michel energy reconstruction

- First spectrum in ProtoDUNE Data
- Waiting for official PDVD Simulations

Outlook
- Take a look at SPINE reconstruction

with expected (much) better efficiency and purity

(cf. Nived's presentation)
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Thank you for your attention!



