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Problem Statement

e Can we train a deep learning model to infer

missing regions of charged particle tracks,

given XYZE information? .
e Possibly add physics? &
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Method

e \oxelized tracks!
Replace missing region with dense voxel grid
e Initialize voxel region with some energy value(s)
o E =0, random, -1
e Use a Sparse CNN to determine which voxels in the
gird regions should activate—which voxels are
non-zero?
o Eventually predict what the non-zero voxel
energies should be
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UNet style Sparse CNN
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Using Minkowski Engine

ME Convolution
Transpose
1024%k, 512, 3, 2
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Self Attention + Dropout (0.3)

in_channels = 1024,
attention_dim = K,
num_heads = h
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Results
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Results

160
140

()

{‘ Y
120 /‘
w SN
80 . 4

60

X %& % _Jx_ﬂs{ég%s

Input
160
® H
140 &’7
&
120 !
z 10 ges
80 ®
60
\%gb‘ 12@5
X’?KX«G 2k & - ]{!
Prediction
160

' ~
140 /
120
Z 100 Z-

B

Rd’&ﬁ"é‘s%R

DUVE



Results Input

Target

Prediction

8

UNIVERSITY of

& ROCHESTER [UVE




Results
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Loss Function

Loss metric:

1 iftarget #0

maSktrack — i
0 iftarget =0

1 iftarget =0

maSknontrack = i
0 iftarget # 0

l0SSirack = (predicted — target)® - mask o,

losspontrack = (predicted — target)2 - mask,ontrack
Weights are learnable parameters

loss = weights() 2 losstrack, scaled ’ weightsl * 1Ossnontrack, scaled
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Results

train loss, val loss

— train loss
2 --valloss
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Results (histograms)

B Prediction E > Threshold
e Compare predicted voxels to target voxels per track

B Target E > Threshold

Comparison of Prediction and Target Energies > Threshold
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Backup Slides
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Sparse CNNs

{ ] What you see What you both see What the computer "sees 1.
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Input Image Input Image + values Pixel intensity values
(“pix-el”’=picture-element)
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2. Inputimage

Filter

Output array

Output [0][0] = (9%0) + (4*2) + (1*4)
+ (1*¥1) + (1% 0) + (1*1) + (2% 0) + (1*1)
=0+8+1+4+1+0+1+0+1
=16
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Loss Function

e Loss metric:

lossiack = (predicted — target)? - mask;,ci

1 iftarget # 0 10SSuontrack = (predicted — target)? - maskyonirack

maSktrack — i
0 iftarget =0

1 iftarget =0
maSknontrack = .
0 iftarget #0 Y losStrack

]-OSStrack, scaled —

numel(maski;,x)

Z lossnontrack
numel(mas knontrack )

lOSSnontrack, scaled —

weights = softmax(log Weightsparam)

loss = weightsg - 108Sirack, scaled + Weights; - 10SSyontrack, scaled
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