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ICARUS is the first large-scale liquid argon TPC (LArTPC)1, operated
deep-underground at Gran Sasso until 20132. After refurbishing, ICARUS
started taking data in 2020 at Fermilab’s SBN program with the BNB and
off-axis NuMI beams, looking for eV-scale sterile neutrinos3.
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Two identical modules (760 t of  
ultra-pure LAr):

ëeach hosting 2 TPCs sharing a 
common central cathode (1.5 m 
drift, 1 ms);

ëthree TPC wire planes
(Induction-1, Induction-2, 
Collection) for 3D tomographic
reconstrution of  charge;

ë360 8’’ PMTs behing anodes to 
collect prompt scintillation light.
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Multi-algorithm pattern 
recognition and particle-flow

software4 with traditional
and ML techniques,  starting
from the 3×2D TPC views
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Electron shower in charged-
current interactions recognized
by absence of gap and MIP-like
charge deposition at the start
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All neutrino-like interactions
are processed with PandoraNu
(vertexing, track and shower
discrimination, particle flow)
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Vertex region and 
selection based on a 

BDT, using topological
variables

Performs clustering and particle
flow: tracks and showers are
discriminated, and showers are
recursively ‘grown’ from vertex

Recursive shower
growing algorithm

developed in SBN to 
collect sparse shower hits

Track and shower
discrimination based

on BDT, using
topological and 

calorimetric variables

Short tracks 
PID’d as
protons

New ICARUS training predicts
track and shower classes with
high confidence:
ëaccuracy improves to 97%;
ërelying more on calorimetry

enhances performance and further
discriminates e± and γ (π0);

ëleads to a >13% purity increase in on-going νeCC0π selections.

Electromagnetic shower reconstruction is being overhauled at ICARUS:
progress on signal processing updates, energy extraction and calibration,
and enhancements via an integrated graph neural network approach.

Outlook

Good data and MC agreement
across topologic variables in
generic shower selection, enabling
progress on νeCC selections

Charge

Track and shower discrimination
Track-like (μ±, π±, p) and shower-like (e±, γ, π0) signatures are
discriminated using a boosted decision tree (BDT), trained on ICARUS
MC using AdaBoost with shallow trees and stratified 5-fold cross-
validation:

Ensuring data and MC are 
consistent across all features, 
to avoid biases in the output 

(‘track-score’)

Using a set of  13 topological
(based on PCA and 

reconstruction) and calorimetric
(based on Collection and cone-

fits) features(Difference in hit dispersion
between particle start and 

end regions)
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