
𝜈e event selection
with pandora

ICARUS Collaboration Meeting  |  October 16th 2024

Diana Mendez       



Overview

Past efforts to develop the selection of BNB electron neutrino charge current 
(nue-cc) events at the ICARUS were made at the beginning of 2021.

A very preliminary selection followed at that time by SBND and it wasn’t 
optimised for the far detector.

Work on the selection of BNB nue-cc interactions has been brought back in 
the last couple of months using new MC and updated criteria.
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Current selection criteria
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● Pandora neutrino score 
● Remove everything that is pandora clear cosmic.
● Flash score < 6.0
● CRT veto: remove events where there are CRT hits in the BNB window and above 

threshold: (-0.1, 1.8) micro seconds and hit PE > 100.
● Barycenter*: Delta Z in (0.0, 100] new
● Containment*: Longest shower and track start and end within the fiducial volume.
● Reconstruction**: Slice with all the required variables reconstructed - See next 

slide.

Full selection = combine all the above cuts***

* Not optimized     ** Optimized for SBND     *** Not in any specific order



Current selection criteria
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Containment:

● Updated from 2021 to 2024

Reconstruction:

● One shower in the slice with energy > 200 MeV
● Longest shower dE/dx < 3.625 MeV/cm
● Largest shower conversion gap < 3.25 cm
● Largest shower density > 4.5 MeV/cm
● Largest shower energy > 200 MeV
● Longest track length < 110 cm



Specifications

5

● Exposure:

Everything normalized to 6.6 x 1020 protons on target.

● Sample:

𝜈x with out of time cosmics. No in-time cosmics/overlay.

icaruspro_production_v09_89_01_01_
2024A_ICARUS_MC_Sys_NuCos_2024A_MC_Sys_NuCos_CV



6

Flash score: Removes 90% of the 
background and preserves 46% of 
the signal.

Barycenter: Removes 82% of the 
background and preserves 92% of 
the signal.
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Reconstruction: multiple inputs used to reject long tracks - muons - and reduce 
the NC background. Removes 99% of the background, and preserves 21% of the 
signal
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Reconstruction: multiple inputs used to reject long tracks - muons - and reduce 
the NC background. Removes 99% of the background, and preserves 21% of the 
signal
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Reconstruction: multiple inputs used to reject long tracks - muons - and reduce 
the NC background. Removes 99% of the background, and preserves 21% of the 
signal



Result summary
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Individual cuts performance
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Efficiency = selected signal / all signal
Purity = selected signal / (selected signal + selected background)

Background by contribution: cosmics (~4M), numu (~135k) CC and NC (~58k).
Barycenter and CRT veto provide most of the background reduction.
Reconstruction cut (including more than one variable) performs best at increasing the signal percentage. 



N-1 cuts performance
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Efficiency = selected signal / all signal
Purity = selected signal / (selected signal + selected background)
N-1 cut = all cuts except the specified cut

Containment and flash score are the least efficient.
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Full selection
Removes 99% of the background but only preserves 3% of the signal. This results 
on the selected nue CC interactions accounting for only 27% of the total selected 
events.

Distributions of only true neutrino energy: no cosmics shown.

2021 2024

nue selection with pandora                   D. Mendez



Summary

● Selection of BNB electron neutrinos based on Pandora is moving forward with 
fiducial volume update, addition of barycenter and removal of neutrino score.

● First study with new MC sample shows decreased performance when 
compared to the previous selection results.

○ Current selection removes 99% of background but only keeps 5% of signal. 
○ Muon neutrino make up more than 40% of the selected events.
○ Essential to optimise cuts in each variable. 
○ Further studies should provide feedback for reconstruction group.
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