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Anomaly detection with autoencoders

A
Healthy Images Reconstructions TRAINING
Encoder Z Decoder
B
Testing Image Reconstruction Residual Image
INFERENCE
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Convolutional neural networks for jet images

pre-process

’/////u %
R

dense layer

convolutional layer

quark jet

gluon jet

max-pooling

110 (2017)

Komiske PT, Metodiev EM, Schwartz MD. J. High Energy Phys. 01



Typical single top-jet
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Jet images

Average top-jet

Kasieczka et al., SciPost Phys. 7, 014 (2019)

Average QCD-jet
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Anomaly detection with autoencoders

Decoder

Feature Feature Feature Feature Feature Hidden Hidden Hidden Hidden Feature Feature Feature Feature Feature
Inputs maps maps maps maps maps units units Bottleneck units units maps maps maps maps maps Output
1@40x40 10@40x40 5@40x40 5@20x20 5@20x20 5@20x20 2000 100 32 100 400 1@20x20 5@20x20 5@20x20 5@40x40 10@40x40 1@40x40

Flatten Fully Fully Fully Fully
connected connected connected connected

Convolution Convolution Up-samplingConvolution Convolution
4x4 kernel 4x4 kernel 2x2 kernel 4x4 kernel 4x4 kernel

Avarage
Convolution Convolution pooling Convolution Convolution
4x4 kernel 4x4 kernel 2x2 kernel 4x4 kernel 4x4 kernel

cf Heimel, Kasieczka, Plehn, Thompson, SciPost Phys. 6, 030 (2019); Farina, Nakai, Shih, PRD 101 (2020)



% of jets

Inputs

1@40x40

Feature
maps

Feature
maps

10@40x40 5@40x40

Anomaly detection with autoencoders

Feature
maps

5@20x20

Feature Feature Hidden Hidden Hidden Hidden
maps maps units units Bottleneck units units
5@20x20 5@20x20 2000 100 100 400

e

““\H‘*x\“‘x
NN NN N

Fully Fully Fully
connected connected connected connected

——

Feature Feature Feature Feature Feature
maps maps maps maps maps Output
1@20x20 5@20x20 5@20x20 5@40x40 10@40x40 1@40x40

LR

Flatten Fully
Avarage
Convolution Convolution pooling Convolution Convolution
4x4 kernel 4x4 kernel 2x2 kernel 4x4 kernel 4x4 kernel
— QCD jets, direct AE
0.121 ---- top jets, direct AE
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107 10°5 10—

MSE loss

MSE loss

Background rejection

Convolution Convolution Up-samplingConvolution Convolution

4x4 kernel 4x4 kernel 2x2 kernel 4x4 kernel

4x4 kernel

10*

— direct AE

supervised CNN

103 i

VT

102!

101_

10°

0.0 0.2

Top tagging efficiency



