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better understand neutrino nature

● Neutrino mass ordering (normal or inverted)

● CP violation



LArTPC operating principle

High resolution imaging detector (≈ 1mm)

Source: Abi et al. 2020, JINST 15 T08008
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Source: Abi et al. 2020, JINST 15 P12004

● Dense, homogeneous volume of LAr

● Uniform electric field applied in the 

active region

● Ionization electrons are drifted toward 

the set of anode wire planes

● Three readout planes (induction 

planes – U and V - and collection 

plane – X)

● Multiple 2D views ➔ 3D image of the 

event
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ProtoDUNE-SP

A prototype for the DUNE far detector

● Constructed and operated (2018-2020) 

on the CERN Neutrino Platform

● Largest LArTPC constructed to date
● Exposed to a charged particle test beam
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Pandora consolidated reconstruction

A multi-algorithm approach

● Exposed to O(50) cosmic rays per readout 

(with one beam hierarchy hidden)
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Pandora consolidated reconstruction

A multi-algorithm approach

● Exposed to O(50) cosmic rays per readout 

(with one beam hierarchy hidden)
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Source: Abed Abud et al. 2023, Eur. Phys. J. C 83, 618

Pandora Event Slicing

Divide up the detector activity into distinct particle hierarchies

3D clusters are divided into slices 

based on hand-engineered 

association rules

1. spatial proximity 

2. pointing

3. shower cone
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ProtoDUNE-SP MC data

4 beam energies (0.5, 1, 2, 6 GeV/c)

11

Each readout is treated as a graph:

  - node = reconstructed PFP

  - edge = candidate PFP pair

  - edge label = same_true_hierachy (0 or 1)

Output: the per-edge probability that 

the two PFPs belong to the same true 

hierarchy

Edge classification problem – Should two reco PFPs belong to 

the same slice?
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6 geometric features

● PFP length 

● Number of 3D space points 

● Is-primary flag 

● Is-track-like flag 

● Is-shower-like flag 

● Number of reconstructed hits

16 pairwise features

● Centroid distance (1)

● Direction cosine (1)

● Length, A and B (2)

● Length ratio (1)

● Spacepoint count, A and B (2)

● Spacepoint-count ratio (1)

● Primary flags, A and B (2)

● Track-like flags, A and B (2)

● Shower-like flags, A and B (2)

● Hit counts, A and B (2)
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Preliminary Results 

Purity: Does each slice mostly contain hits from one true hierarchy?

Fraction of hits in a reco slice that comes from its dominant true hierarchy
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Two failure modes
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false positive rate 

two unrelated PFPs are connected

false negative rate 

two related PFPs are not connected

Merging

2 truth hierarchies → 1 predicted slice

Fragmentation

1 truth hierarchy → 2 predicted slices



Preliminary Results

Efficiency: Fraction of reco truth hierarchies matched to a slice
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Preliminary Results

Adjusted Rand Index (ARI): Agreement between the predicted slice 
and the true hierarchy grouping
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Closing remarks

● Event slicing reframed as edge classification

● Pandora favors completeness over purity

● GNN favors purity over completeness

● A proof of principle: learned pairwise 

association is a viable alternative to hand-

engineered slicing rules
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Thank You!
… and thanks to Leigh 

Whitehead1, Dominic Brailsford2, 

and Andy Chappell3 
1 University of Cambridge, 

2 Lancaster University, 

3 University of Warwick 
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The Deep Underground Neutrino Experiment

Long-baseline neutrino oscillation experiment

• High-power proton beam of 1.2MW upgradable to 2.4MW.

• High-power, wide-range neutrino beam (~GeV energy range)

• Near detector (ND) (575m from the v source)

• Far detector (FD) in South Dakota (~1300km) and 1.5km deep underground

Source: Deep Underground Neutrino Experiment (DUNE), Far Detector 

Technical Design Report, Volume I: Introduction to DUNE (2020). 
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DUNE-PRISM ND Complex

Off-axis beam measurement

• Constrain systematic uncertainties

• Beam monitoring

• Initial neutrino flux measurement 

before any oscillations

Source: https://warwick.ac.uk/fac/sci/physics/research/epp/exp/dune/  

𝛎 beam

𝛎 beam
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DUNE: The FD Complex

• 2→4 modules 

• Fiducial (sensitive) mass of 

40kt of liquid argon (LAr)

• Measure flavor-tagged 

neutrino interaction and 

compare the results with the 

ND prediction

Source: https://neutrinos.portales.ciemat.es/dune-en 
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