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3D Detection: 2x22 2D Detection: MINERvA3

Inherent 3D Machine Learning (ML) 
Reconstruction in LArTPCs

Adding MINERvA Input 
into ML Reconstruction

- Triangular, solid, 
layered scintillator

- Detects light

- NEW: Modules of 
multiple TPCs 
side-by-side (mm)

- NEW: Pixel charge 
readout 

- Detects charge 
and light

Plan for DUNE’s Intense 𝛎 Pileup at Near Site
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PRISM: system for moving 
ND-LAr + muon tracker

TMS: The Muon 
Spectrometer 

Near Detector is important to 
measure 𝝂…

★ Energy 
★ Cross section
★ Flux

For  precise neutrino oscillation 
mixing angle & 𝛅CP measurements

𝝂 interaction ionizes 
Argon → Electric 
field drifts e- to 
anode plane readout

𝝂  beam
from 

Fermilab 

Combines multiple 
detector components 
to track interactions

Multi-Module & Detector Testing 

SAND: 
Magnetized beam 
spectrum monitor

Liquid Argon (LAr) Time 

Projection Chamber (TPC)

← ND LAr 5x7 
TPC Modules

FINAL: Identification & Interactions

Pixel Fragment Interactions

FIRST: Pixel Features
Track
Shower
Michel electron
Delta rays
Low energy scatters

﹢ Pixel signature of particle interaction type
﹢ Points of interest

○ Start of particle tracks & showers
○ End particle tracks

Idea for direction:
➔ Keep ML structure the same
➔ Add a new pixel-level “branch” 

for MINERvA portion
➔ Combine at GNN

color: shared 
interaction

color: shared 
interaction

Compare 
color

directly

Compare 
clusters
(colored)
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MIDDLE: Fragment Features

Color: reconstructed 
particle fragment

Color: reconstructed 
particles

Clustered pixels 
(previous step)

Clustered 
fragments

➢ Improve- 
ments in 
progress

➢ Adding 
MINERvA 
track input

Color: pixel signature of 
particle interaction type 
Circles: stop & end points

Uses: Sparse3 
Convolutional NN 
UResNet 4,5

Uses: 
GrapPA6 
Graph NN 

Uses: 
GrapPA6 
Graph NN 

INPUT: Charge Deposition 

Color: energy deposition 
heatmap

→ Implements 
various neural 
networks (NN) on 
the 3D voxelized 
input

Re-combine detected hits 
from shared initial simulation 

𝝂  beam
from 

Fermilab 

2x2:
Charge

deposited 
MINERvA:
Calculated 
trajectories 

based on 2D 
deposited 

hits

DUNE Work-in-Progress

DUNE Work in Progress

DUNE Work in Progress

DUNE Work in Progress

DUNE Work in Progress

DUNE Work in Progress

Class true label

DUNE Work in Progress

55 𝝂 interactions per beam spill!

Underground at 
Fermilab in the NuMI 

𝝂 beamline

Cosmic data in single 2x2 module

Top view of TPC modules in cryostat

MINERvA
plane orientations

Top view of MINERvA planes

Scintillator 
prisms & fibers

Simulation in 2x2

Simulation in MINERvADUNE Work in Progress

MINERvA simulation inherently in 2D

Simulation

Simulation

Simulation Simulation

Simulation

Simulation Simulation

Simulation

Simulation

Simulation

Simulation
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