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The Deep Underground Neutrino Experiment (DUNE), starting operations c. 2030 
- Long baseline, beam neutrino oscillations experiment
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Intro: DUNE

The Deep Underground Neutrino Experiment (DUNE), starting operations c. 2030 
- Long baseline, beam neutrino oscillations experiment 
- Main goals: determine CP Violation in leptonic sector 

determine the neutrino mass hierarchy
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Intro: DUNE

The Deep Underground Neutrino Experiment (DUNE), starting operations c. 2030 
- Long baseline, beam neutrino oscillations experiment 
- Main goals: 

- Other interests:

determine CP Violation in leptonic sector 
determine the neutrino mass hierarchy

hypothetical proton decay 
detection of supernova neutrinos 
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Intro: DUNE

The Deep Underground Neutrino Experiment (DUNE), starting operations c. 2030 
- Long baseline, beam neutrino oscillations experiment 
- Main goals: 

- Other interests:

determine CP Violation in leptonic sector 
determine the neutrino mass hierarchy

hypothetical proton decay 
detection of supernova neutrinos 

observed once (SN 1987A) with few events 
low energy ~10 MeV

FN
AL

SURF

1.2 MW injector
120 GeV proton beam

hadron shower
K, π ��� p

decay pipe
µ+ vµ �� π+
µ- ν̄µ �� π-the Near Detector

the Far Detector
2 LArTPCs, each of
17 kt / 19×66×18 m3

1'285 k
m

1'480 m

oscillations

cosmic &
atmospheric
neutrinos

FNAL
SURF

6



Intro: ProtoDUNE

Two far detector prototypes at CERN, ProtoDUNE Horizontal Drift and Vertical Drift 
- Time projecting chambers filled with liquid Argon

ProtoDUNE Vertical Drift
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- Data available
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ProtoDUNE-VD
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Michel Electrons

Michel electrons 

- µ± → e± vµ ve   with   Ee = 0-50 MeV 

- Abundant in cosmics: ~1 /cm2/s 

- Ideal for low-energy calibration 
‣ Supernova neutrinos energy range 
‣ Map of the EM field 
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Michel Electrons

Michel electrons 

- µ± → e± vµ ve   with   Ee = 0-50 MeV 

- Abundant in cosmics: ~1 /cm2/s 

- Ideal for low-energy calibration 
‣ Supernova neutrinos energy range 
‣ Map of the EM field 
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https://github.com/quelin-lechevranton/michel-module/blob/eb6b2f35bcd3cef95c43bbd020f72b75ead6aa9e/MichelAnalysis_module.cc
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Stopping Muon Selection

Using Pandora track reconstruction

ProtoDUNE-VD: Simulation
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Using Pandora track reconstructionSelect well reconstructed stopping muon candidates 
- Quality cuts (length)  
- Cathode crossing, for X reconstruction 
- Fiducial cuts, 20 cm margin in X, Y, Z, T 
- Calorimetry, search for a Bragg peak

ProtoDUNE-VD: Simulation



Select well reconstructed stopping muon candidates 
- Quality cuts (length)  
- Cathode crossing, for X reconstruction 
- Fiducial cuts, 20 cm margin in X, Y, Z, T 
- Calorimetry, search for a Bragg peak

14Stopping Muon Selection

ProtoDUNE-VD: Simulation W.I.P.



Select well reconstructed stopping muon candidates 

- Calorimetry, search for a Bragg peak

track 
selection Y proj. 

on 0-2 cm

15Stopping Muon Selection

ProtoDUNE-VD: Simulation W.I.P.

ProtoDUNE-VD: Simulation W.I.P.



Select well reconstructed stopping muon candidates 

- Calorimetry, search for a Bragg peak

track 
selection Y proj. 

on 0-2 cm

after Bragg cut

16Stopping Muon Selection

ProtoDUNE-VD: Simulation W.I.P.

ProtoDUNE-VD: Simulation W.I.P.

ProtoDUNE-VD: Simulation W.I.P.



Select well reconstructed stopping muon candidates 
- Quality cuts (length) 
- Cathode crossing, for X reconstruction 
- Fiducial cuts, 20 cm margin in X, Y, Z, T 
- Calorimetry, search for a Bragg peak 

Select Michel electron event candidates

Michel electron illustration

105 110 115 120 125 130 135 140 145 150
Z / cm

4800

4900

5000

5100

5200

5300T 
/ t

ic
ks

0

100

200

300

400

500

600

700

800

900

1000

Q
 / 

AD
C

.ti
ck

linear regression

end hit

Michel Electron Selection 17

Using Pandora track reconstruction

ProtoDUNE-VD: Simulation



Select well reconstructed stopping muon candidates 
- Quality cuts (length) 
- Cathode crossing, for X reconstruction 
- Fiducial cuts, 20 cm margin in X, Y, Z, T 
- Calorimetry, search for a Bragg peak 

Select Michel electron event candidates 
- Topological cuts 

‣ no long tracks passing by (prevent contamination)  
‣ at least 4 Hits 10 cm around the end point 
‣ barycenter-muon angle in 30º-150º

ProtoDUNE-VD: Simulation
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Using Pandora track reconstruction

Michel Electron Selection



Select well reconstructed stopping muon candidates 
- Quality cuts (length) 
- Cathode crossing, for X reconstruction 
- Fiducial cuts, 20 cm margin in X, Y, Z, T 
- Calorimetry, search for a Bragg peak 

Select Michel electron event candidates 
- Topological cuts 

‣ no long tracks passing by (prevent contamination)  
‣ at least 4 Hits 10 cm around the end point 
‣ barycenter-muon angle in 30º-150º

19Michel Electron Selection
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Select well reconstructed stopping muon candidates 
- Quality cuts (length) 
- Cathode crossing, for X reconstruction 
- Fiducial cuts, 20 cm margin in X, Y, Z, T 
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Selection efficiency bias
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ProtoDUNE-VD: Simulation W.I.P.
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ProtoDUNE-VD: Simulation W.I.P.

ProtoDUNE-VD: Simulation W.I.P.

Michel Electron Selection
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Michel Zoology

Random reconstructed events passing selections in ProtoDUNE-VD

E = 30 - 45 MeVE = 10 - 30 MeV
run 40036 
event 168
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event 60
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event 37
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event 272
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event 147
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event 12
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event 84
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Michel Electron Energy Spectra

ProtoDUNE-HD: W.I.P.ProtoDUNE-VD: W.I.P.

— data 
— simulation 
— background (non-decaying µ) 
— bad energy reconstruction 
 ( > 50% relative diff w/ truth)
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ProtoDUNE-VD  
Simulation W.I.P.

ProtoDUNE-HD: W.I.P.

ProtoDUNE-VD  
Simulation W.I.P.

ProtoDUNE-VD: W.I.P.

Michel Electron Energy Spectra

— data 
— simulation 
— background (non-decaying µ) 
— bad energy reconstruction 
 ( > 50% relative diff w/ truth)
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ProtoDUNE-VD  
Simulation W.I.P.

ProtoDUNE-HD: W.I.P.

— data 
— simulation 
— background (non-decaying µ) 
— bad energy reconstruction 
 ( > 50% relative diff w/ truth)

ProtoDUNE-VD  
Simulation W.I.P.

ProtoDUNE-VD: W.I.P.

Michel Electron Energy Spectra 26



SPINE: Overview

SPINE is a machine learning tool for event reconstruction 
- Can offer a much higher efficiency compared to 

traditional algorithms 
- Give “shape” identification out of the box: TRACK, 
MICHEL…

27
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SPINE: Overview

SPINE is a machine learning tool for event reconstruction 
- Can offer a much higher efficiency compared to 

traditional algorithms 
- Give “shape” identification out of the box: TRACK, 
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Michel electron energy spectrum
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SPINE: Michel Electron Spectra 31
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SPINE: Michel Electron Spectra

Energy spectra with X decreasing

fewer michels 
as X decreases

ProtoDUNE-VD:  
Data W.I.P.
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Conclusion

Key point 

- First Michel electron spectra in ProtoDUNE-VD and ProtoDUNE-HD 

Perspectives 

- Event by event comparison of LArSoft/Pandora and SPINE with a unique truth source (simulations) 

- Michel electrons reconstruction as a benchmark for SPINE reconstruction 

- Michel electrons as a probe to DUNE low energy sensitivity 

- Improve current estimations of DUNE supernovae signal reconstruction capabilities with SPINE?
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Conclusion

Thank you for your attention!

Key point 

- First Michel electron spectra in ProtoDUNE-VD and ProtoDUNE-HD 

Perspectives 

- Event by event comparison of LArSoft/Pandora and SPINE with a unique truth source (simulations) 

- Michel electrons reconstruction as a benchmark for SPINE reconstruction 

- Michel electrons as a probe to DUNE low energy sensitivity 

- Improve current estimations of DUNE supernovae signal reconstruction capabilities with SPINE?
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