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Scope and Goal

e Scope I: Particle identification using multidimensional information from AstroPix and SciFi Layers
o  For example: e/t separation, y/m° separation, /1 separation

e Scope II: Reconstruction of BIC data fully harnessing their multidimensional
o  For example: Al-supported energy and position reconstruction, PID

Example: e/1r separation based on classical E/p cut from SciFi layers AstroPix:
silicon sensor
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Current status

e Convolutional neural network utilizing energy and spatial information for shower (details: backup) for particle
classification: implemented for e/1r separation, y/r° separation, /1t separation
e Expected further increases in performance through algorithmic improvement, e.g. using GNNs or Point Clouds
e  Work on realistic digitization/reconstruction implementation in the data to work on more global Al-supported BIC
reconstruction
e/t separation y/m° separation
10+€PICSimulation n=00 . ePICSimulation ‘ n=05 % n°
a T T T T T T T EV=90'0%
/\ ] 103 Enpo = 18.6%
/ 4 R I s S '/\»——w,, e e
102 / ' | ' . 103 / \'\\* ! ePIC
f { 9107 (4 layers)
& I o / 2 ]
107 4 102k 10t I ‘“H ‘ ”
Imaging Calorimeter Ry at n=0.0 Imaging Calorimeter Ry atn=0.5
+- 6-layer default —4— 6-layer default
layers 1-3-4-6 only layers 1-3-4-6 only 100
10&.0 215 5}0 7.‘5 160 12‘.5 15‘.0 17‘.5 20 106.0 2[5 5‘.0 7.‘5 16,0 12‘.5 15‘.0 17‘.5 20.0 0.0 0.2 0.4 0.6 0.8 1.0
E(GeV) E(Ge P,

CNN utilizing energy and spatial information

from AstroPix layers

e With a preliminary study we easily
achieved

e 10 GeV/c particles - ~82% rejection of 11
at 90% efficiency of y

e 10-layer VGG-style CNN: Combined data from
AstroPix and Pb/ScFi

e Exceeds 103 pion rejection at 95% efficiency almost
everywhere with 6 layers, and at the low to mid
energies for 4 layers where rejection is most needed
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Classification Neural Network

10-layer VGG-style convolutional neural network (CNN)
Combined data from AstroPix and Pb/ScFi
5+2 convolutional and pooling layers, and 3 dense layers
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Data formatted for each event to N_layers x N_hits x N_features

@)

4 features (Edep, Rc, eta, phi), energy and spatial information for shower
Supervised training

o Used all official singles productions with 10:1 pion to electron samples (to ensure enough
remaining pions after E/P cut. Typically 100-200k events in the Al training sample. Processed
over 2TB of simulation results.

o 20 epochs per training cycle, data split 70-10-20 for training, validation, and testing
o All uncertainties are based on binomial statistics
Similar (but somewhat simplified) approach used for neutral pion identification

Expect further increases in performance through algorithmic improvement, e.g. using GNNs or Point
Clouds.



