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● This talk is only on a subset of ML-based reconstruction efforts on 
MicroBooNE

● Describe a new workflow that combines several Convolutional Network 
Outputs with 3D point cloud reconstruction 

● Preview of first application of these reco products for a 
inclusive CC Nue selection
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LArMatch: Wireplane Images to 3D Charge and Keypoints

T. Wongjirad

Goal: augmenting 
between-plane charge 
consistency with local 
features and priors on 
particle trajectory paths

Plane 1 Plane 2

Identifying true 3D locations of ionization by matching patterns 
across planes
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LArMatch Network Architecture

T. Wongjirad

Outputs for
3D reconstruction

Network can be divided 
into two parts:
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LArMatch Network Architecture

T. Wongjirad

Outputs for
3D reconstruction

Network can be divided 
into two parts:

(1) CNN on (2D) images 
encodes relevant 
information for each 
pixel as 16-d vector.

Spacepoints are formed 
from simple spatially 
consistency and inherit 
pixel features.
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LArMatch Network Architecture

T. Wongjirad

Outputs for
3D reconstruction

Network can be divided 
into two parts:

(2) Each spacepoint is 
evaluated by multiple 
multilayer perceptrons 
which output various 
labels
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LArMatch: Scores on Spaecepoint Proposals
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LArMatch: Neutrino Keypoint Scores
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LArMatch: Neutrino Keypoints

T. Wongjirad

Keypoint labels are provided by learning a score between 
0 and 1 that is proportional to distance to nearest keypoint. 
Final keypoint found by fitting spatial pattern.

Keypoint types:
● Track start/end
● Shower start
● Michel decay point
● Delta ray start

Types evaluated 
separately 
(non-exclusive)
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LArMatch: Neutrino Vertex Position Resolution
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Spacepoint reconstruction into particle candidates greatly simplified by semantic 
labels from CNNs and other algorithms. Starts by separating passing points as

● Non-cosmic track-like
● Non-cosmic shower-like
● Cosmic track-like
● Cosmic shower-like

Spacepoint Reconstruction

T. Wongjirad

Cosmic designation from Wirecell 
in-time/out-of-time tagger.

Track/shower designation from SSNet 
(evaluated on 2D images with labels 
pushed to spacepoints)  

Keypoints initially remove spacepoints in 
order to prevent overclustering 
(points from more than one particle)
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Spacepoint reconstruction into particle candidates greatly simplified by semantic 
labels from CNNs and other algorithms. Starts by separating passing points as

● Non-cosmic track-like
● Non-cosmic shower-like
● Cosmic track-like
● Cosmic shower-like

Prong CNN

T. Wongjirad

Cosmic designation from Wirecell 
in-time/out-of-time tagger.

Track/shower designation from SSNet 
(evaluated on 2D images with labels 
pushed to spacepoints)  

Keypoints initially remove spacepoints in 
order to prevent overclustering 
(points from more than one particle)
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Particle Clustering/Reco: Completeness and Purity

T. Wongjirad

Purity: fraction of points within 
reco cluster from single particle

Completeness: fraction of true 
points from particle captured 
within cluster
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LArPID Network
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LArPID Inputs/Preprocessing
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LArPID Network Architecture
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LArPID: Used learned weighting for Multi-task loss
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LArPID: Classification Performance
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LArPID: Completeness and Purity Regression
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LArPID: Probing the use of context

T. Wongjirad

Context ImageProng image Original Scores
Electron score=-3.6
Photon score=-0.03

Scores are 
log(L(class|x))

Using secondary shower to 
classify as photon despite 
obscured information near 
vertex?
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LArPID: Probing the use of context

T. Wongjirad

Manipulated Context Image 
[second shower pixels removed]Prong image Original Scores

Electron score=-1.53
Photon score=-0.25

Scores are 
log(L(class|x))

Manipulation leads to less 
confidence in photon 
classification 
(but still favors photon-ness)
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LArPID: Probing the use of context

T. Wongjirad

Prong image Context Image
Original Scores
Electron score= 0
Photon score= -7.02
Pion score= -6.02

Scores are log(L(class|x))

Majority of pixels are of an 
electron: but it is an electron from 
the decay of a charged pion.
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LArPID: Probing the use of context

T. Wongjirad

Manipulated 
Prong image

Manipulated Context 
Image

Original Scores
Electron score= -0.01
Photon score= -5.02
Pion score= -8.63

Scores are log(L(class|x))

Pion score drops significantly

Change the pion+electron stub into 
electron shower (from another event)
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LArPID: Probing the use of context

T. Wongjirad

Manipulated 
Prong image

Manipulated Context 
Image

Original Scores
Electron score= -7.9
Photon score= 0.0
Pion score= -12.8

Scores are log(L(class|x))

Gap moves classification to 
photon (despite shower trunk 
dE/dx being that from electron)

Move electron shower and detach from 
vertex

25Wire-Cell Sumit [04/12/2024]



LArPID: Probing the use of context

T. Wongjirad

Manipulated 
Prong image

Manipulated Context 
Image

Original Scores
Electron score= -7.9
Photon score= 0.0
Pion score= -12.8

Scores are log(L(class|x))

Work on-going to more 
quantitatively interrogate the use of 
valuable context image: e.g. how 
about examples near/far outside the 
training sample kinematic domain?

Move electron shower and detach from 
vertex
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The Proof of the Pudding is in the Eating

T. Wongjirad

Ultimately, sufficient quality of these tools is in the ability to do physics. Testing 
with inclusive CC electron-neutrino and muon-neutrino
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Inclusive CC Nue Selection Efficiency/Purity
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Testing on data

T. Wongjirad

Results still in the works, but have not yet seen signs of 
large problems due to domain shift

29Wire-Cell Sumit [04/12/2024]



Example Data Event Selected
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Cosmic Removed 3D points and Clusters

T. Wongjirad

Run 5339 Subrun 115 Event 5764

Reconstructed Nu Candidate
1 Track (green hits, cyan path)
1 Shower (copper hits, red line) 
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Example Data Event Selected

T. Wongjirad

Run 5339 Subrun 115 Event 5764 Shower trunk obscured in both U and V plane 
→ leads to missing shower trunk in 3d hits, but 
seen by 2D CNN in Y plane
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Conclusions

T. Wongjirad

● New MicroBooNE reconstruction workflow completed
○ Represents only a subset of all the ML work done on MicroBooNE

● Makes use of CNNs that greatly ease the task of 3D spacepoint 
reconstruction

● We have applied the outputs for a CC inclusive selection and early tests 
show promise
○ No large data/MC disagreement yet seen
○ Competitive with past analyses

● Public note on this selection coming soon 
(check out Matt Rosenberg’s poster at Neutrino 2024)
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Backups
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