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Introduction
oce

Datasets
Three datasets of increasing dimensionality
@ Dataset 1
e 368 voxels — Photons
e 533 voxels — Pions
@ Dataset 2 — Electrons An
e 45 x 16 x 9 = 6480 voxels
© Dataset 3 — Electrons
e 45 x 50 x 18 = 40500 voxels A¢
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INN

Generation with an INN
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INN

Advantages and Disadvantages

Advantages Disadvantages

@ Very accurate generations . .
4 & e Bad scaling (time and memory)

@ Fast in both directions
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VAE

Compression with a VAE
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VAE

Derivation

@ Assume d true joint distribution of data x and latent z.
e Minimize Dy [E (z|x), D (z|x)].
o = L=— ZXETS <|Og D (X‘Z»E(z\x) + /8 : DKL [E (Z‘X) y Platent (Z)]
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VAE

Preprocessing
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VAE
Input layers
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Classifier results

Results
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Classifier results

Classifier — Dataset 1 (photons)
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Classifier results

Classifier — Dataset 1 (pions)
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Classifier results

Classifier — Dataset 2
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Classifier — Dataset 3
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High level features

Results

[ Jelele}

High level features — Dataset 1
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High level features

High level features — Dataset 2 & 3

Energy deposited in laver 20
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High level features

Summary

@ Coupling blocks are a viable and faster possibility for normalizing
flows

@ VAE compression is possible but results in worse samples

@ VAEs perform best for hadronic showers, while pure INNs perform
best for electromagnetic showers.
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High level features

The End
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Parameter INN ds1/ds2 | INN (After VAE)
coupling blocks RQS / Cubic RQS

# layers 4/3 3
hidden dimension 256 32

# of bins 10 10

# of blocks 12/14 18

# of epochs 450 / 200 200
batch size 512 / 256 256

Ir scheduler "one cycle” "one cycle”
max. Ir 1-1074 1-1074
B1,2 (ADAM) (0.9,0.999) (0.9,0.999)
b 5.107° /

o 1-1078 1-107°
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Parameter VAE
Ir scheduler Constant LR
Ir 1-107%

hidden dimension

5000, 1000, 500 (Set 1)
1500, 1000, 500 (Set 2)
2000, 1000, 500 (Set 3)

latent dimension 50 (Set 1,2) / 300 (Set 3) Inner VAE
# of epochs 1000

batch size 256

B 1-107°

threshold t [keV] 2 (Set 1) / 15.15 (Set 2,3)

hidden dimension 1500, 800, 300

kernel size 7 Kernel

kernel stride

3 (Set 2), 5 (Set 3)
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INN derivation
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