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- Used in many Al-like programs
- Completes tasks in a way that is similar to humans

- Canidentify images or other patterns that they are trained to recognize

- Good for analyzing neutrino interactions
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LArTPC

- Neutrinos have weak interactions which makes
them hard to detect

- LArTPC is a particle imaging detector used to
detect neutrino interactions

- Takes multiple 2D images using wires, or takes a
3D image using pixels

- Recent technology developed specifically for

neutrino physics purposes
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When an electron neutrino hits an argon b \\:‘2‘:‘\\\““
nucleus, it spits out an energetic electron and other AR
particles such as protons and pions in a flash of
light (1). These particles ionize the liquid argon. leaving
a trail of free electrons (2). A strong electric field from a cathode
panel pushes these electrons to a grid of sensing wires (3).
By recording which wires register hits and when—relative to the
flash of light—the detector reconstructs the 3D paths of the particles—

clues to the original neutrino’s identity and energy.

detector

Sensing volumes,
two per chamber

https://github.com/DeeplearnPhysics/lartpc mlreco3d tutoria
Is/blob/master/book/Physics/lartpc.ipg
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Goal: to answer fundamental questions using - Two LArTPCs

neutrino analysis - Near Detector examines neutrinos before

- Role of neutrinos and how they contribute to oscillation

matter - Far Detector analyzes neutrinos after

- Understand proton decay in nature to determine oscillation(detects flavor change)

- Will use a total of 40,000 tons of liquid argon once
built

matter’s stability

- Therole of neutrinos in black hole formation
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Problem statement

Algorithms vary in effectiveness
Focusing on increasing accuracy in
algorithms for better reconstruction
results

Sometimes it's more important to have

accuracy in one field over another

Deghosting Accuracy: 0.9850

Segmentation Accuracy: 0.9954

PPN Accuracy: 0.8681

Clustering Accuracy: 0.9582

Clustering Edge Accuracy: 0.1975

Shower fragment clustering accuracy: 0.9733
Shower primary prediction accuracy: 1.0000
Track fragment clustering accuracy: 0.9976
Interaction grouping accuracy: 0.9869
Particle ID accuracy: 1.0000

Primary particle score accuracy: 1.0000



LArTPC MLReco3D

http://deeplearnphysics.org/lartpc mireco3d tutorials/ images/semantic.png

GitHub repository made for training
machine learning models with images

from LArTPCs

Steps:

Semantic segmentation

Identifies points of interest

Clusters particles together

Identifies particles
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LArTPC MLReco3d Pipeline
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Dataset

Simulated data from the MINERVA experiment

10 different images used in training
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Optimization Example

Manipulated value that
determines the radius that
orphan particles get
matched with neighboring
clusters

Original valuewas 1.0

: Jupyter cluster_graph_constructor.pyv 07132022 Logout

File

Edit

View Language Python

# Initial Neighbor Graph Construction Mode
mode = constructor_cfg.get('mode’, 'knn')
if mode == 'knn':
self. ini = knn_graph
elif mode == 'radius':
self._init_graph = radius_graph
else:
raise ValueError('''Mode {} is not supported for initial
graph construction!'''.format(mode))

# Clustering Algorithm Parameters
self.ths = constructor_cfg.get('edge_cut_threshold', 0.0) # Prob values 0-1
if self.training:
self.ths = 0.0
# print("Edge Threshold Probability Score = ", self.ths)
self.kwargs = constructor_cfg.get('cluster kwargs', dict(k=5))
# Radius within which orphans get assigned to neighbor cluster
self. orphans_radius = constructor cfg.get('orphans radius', 1.0)
self.use_cluster_labels = constructor_cfg.get('use cluster labels', True)

# GraphBatch containing graphs per semantic class
if graph_batch is None:
self._graph_batch = GraphBatch()
else:
assert graph_info is not None
self._info = graph_info
self._graph_batch = graph_batch
self. num_total nodes = self. graph_batch.x.shape[0]
self. node _dim = self._graph_batch.x.shape[1]
self._num_total_edges = self. graph_batch.edge index.shape[1]

None
None

self. edge pred
self. _node pred



Optimization Example

Increases one field but decreases another
field

- Track fragment clustering accuracy clusters
small track pieces together that are left by
initial clustering algorithm

- Interaction grouping accuracy predicts
which edges should be kept

The larger the radius value, the more orphan
particles will get incorrectly matched to
clusters that are far away, but more edge
particles will be retrieved

Sometimes some accuracy fields are more
important than others

Before change:

Deghosting Accuracy: 0.9850
Segmentation Accuracy: 0.9954
PPN Accuracy: 0.8681

Clustering Accuracy: 0.9582
Clustering Edge Accuracy: 0.1975
Shower fragment clustering accuracy: 0.9733
Sh i el : 000
Track fragment clustering accuracy: 0.997
Interaction grouping accuracy: 0.9869

Radius = 10.0:

Deghosting Accuracy: 0.9850
Segmentation Accuracy: 0.9954
PPN Accuracy: 0.8681

Clustering Accuracy: 0.9582
Clustering Edge Accuracy: 0.1975
Shower fragment clustering accuracy: 0.9733
Shower primary prediction accuracy: 1.0000

Particle ID accuracy: 1.0000
Primary particle score accuracy: 1.0000



Optimization Example

Causes asimilar increase in
interaction grouping accuracy, but
decreases a different accuracy

field than before

- Primary particle score accuracy
classifies which particles are
closest to the vertex

When the radius decreases, more
primary particles might be
misidentified as non-primary

Before change:

Deghosting Accuracy: 0.9850
Segmentation Accuracy: 0.9954
PPN Accuracy: 0.8681

Clustering Accuracy: 0.9582
Clustering Edge Accuracy: 0.1975
Shower fragment clustering accuracy: 0.9733
Sh : el : 000
Track fragment clustering accuracy: 0.997
Interaction grouping accuracy: 0.9869

Radius =0.5:

Deghosting Accuracy: 0.9850
Segmentation Accuracy: 0.9954
PPN Accuracy: 0.8681

Clustering Accuracy: 0.9582
Clustering Edge Accuracy: 0.1975
Shower fragment clustering accuracy: 0.9733
Shower primary prediction accuracy: 1.0000
Track fragment clustering accuracy: 0.9976
Interaction grouping accuracy: 0.9879
Particle ID accuracy: 1.0000
Primary particle score accuracy: 0.9688




Conclusion

- Machine learning is very useful for analyzing neutrino interactions
- The better the models are, the more accurate predictions will be

- The more machine learning models are trained now, the better the reconstruction models will

perform, which will lead to more ground-breaking discovery in particle detection
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