


So you want to build
a heutrino detector??



Why?
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Oscillation probabilities for an initial electron neutrino
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vV, — V. oscillation probability:
Amg4 L

P(v, = V) = sin?6,3sin?26,3sin’

Am,, L
+c05%60,35in?26,,5sin?

- Ams,L\ = [AmyL\ = [AmszL
+]cos(— > )sm( > sin >

Oscillation probabilities for an initial electron neutrino
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vV, — V. oscillation probability:
Amg4 L
P(VH — Ve) - Sin29235in229135inz L
Oscillation probabilities for an initial electron neutrino Tl
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How??
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1. Rea"y big

T
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1. Really big

2. Filled with water
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1. Really big
2. Filled with water

3. Equipped with PMTs
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4. A whole bunch of neutrinos!




4. A whole bunch of neutrinos!

Far Detector

Accumulator Ring
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4. A whole bunch of neutrinos!
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Cool! What's it going to look like?
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Step 1: Simulations
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Step 1: Simulations

Step 2: Reconstruction
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fiTQun

unhait hat

L(x) = H P;(unhit|x H{P hit|x)} fo(qi|x) fr(ti|x
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unhait hat

= I Pitunhite) [T{R i)} (aiko) (i)

Limited
generalisation
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e Machine Learning
methods are fast on GPUS
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e Machine Learning
methods are fast on GPUS

e GNNs are useful for
sparse events
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e Machine Learning
methods are fast on GPUS

e GNNs are useful for
sparse events
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Hidden layer

1 event =1 graph
1 PMT hit =1 node

Node features: x, v, z, time, charge |e

Neighbours in {x,y,z,t} connected

with edges
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o v, #250784 [F1075
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GNN:
Model score [O,1]

fiTQun:
LLH_
LLH

u

LLHe/LLH#: “model score”
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Distribution of model score, e~ signal
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Kaare Iversen

Distribution of model score, e~ signal
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Model performance, e~ signal
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Full event sample
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Neutrino energy distribution
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Pion production
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GNNs can perform well on complicated
events that fiTQun cannot

Inference is fast on GPUs once trained

Using this increase in speed, detector
geometry can be explored fast



