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Abe et al. Belle 2 Technical Design Report
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PROJECTS RELATED TO DATA SCIENCES AND AI….

Classic MLP & Kohonen

Maps

Hopfield Networks, 

Voxels,  Autoencoder…

Networks on FPGA
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BELLE II EXPERIMENT

 Location: Tsukuba, Japan

 High luminosity

𝑒− 𝑒+

belle2.desy.de
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BELLE II PIXELDETECTOR

 Innermost detector

 Pixelated silicon sensors (PXD)

 2 layers of 40 sensors each

 8 M pixels

Captures highly

ionizing particles.

STEPHANIE KÄS – PXD CLUSTER ANALYSIS USING NNS - DPG-FRÜHJAHRSTAGUNG 2021 5



Background

PXD clusters

u

v

Signal: Antideuterons

9x9 matrix

ADC values

M. Peter, Unpublished
STEPHANIE KÄS – PXD CLUSTER ANALYSIS USING NNS - DPG-FRÜHJAHRSTAGUNG 2021 6

Low ADC values

High ADC values



BELLE II PIXELDETECTOR

Cluster properties

7

Total charge Minimum charge Maximum charge

Total size Size in u Size in v
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ANTIDEUTERON DATASET
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ANTIDEUTERON DATASET

ҧ𝑑
Back-
ground

Goal
Differenciate between….

STEPHANIE KÄS – PXD CLUSTER ANALYSIS USING NNS - DPG-FRÜHJAHRSTAGUNG 2021 9

K. Dort, Search for Highly Ionizing Particles with the Pixel 

Detector in the Belle II Experiment.



PROJECTS RELATED TO DATA SCIENCES AND AI….

Classic MLP & Kohonen

Maps

Hopfield Networks, 

Voxels,  Autoencoder…

Networks on FPGA
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KOHONEN MAPS

• Unsupervised

learning

• Self-organizing

Low distance

between nodes

High distance

between nodes

11

J. Bilk & J. Budak, Detecting Clusters in Highdimensional Data



KOHONEN MAPS

Background-

like nodes

Antideuteron

- like nodes
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S. Käs, Multiparameter Analysis of the

Belle II Pixeldetector‘s Data.



KOHONEN MAPS

Ideal

Fail

Expectation

Reminder: ROC-Curves

Efficiency

number of correctly identified signals

total number of signals

Background rejection

number of correctly identified BG data

total number of BG data
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K. Dort, Search for Highly Ionizing Particles with the Pixel Detector 

in the Belle II Experiment.



COMPARISON: KOHONEN MAP & MLP
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K. Dort, Search for Highly Ionizing Particles with the Pixel 

Detector in the Belle II Experiment.

MLP performed better.



PROJECTS RELATED TO DATA SCIENCES AND AI….

Classic MLP & Kohonen

Maps

Hopfield Networks, 

Voxels,  Autoencoder…

Networks on FPGA
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HOPFIELD NETWORK

 There is only 1 layer

input layer = output layer

 Each node is connected to each node
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HOPFIELD NETWORK

Hopfield networks require binary data:

How can we represent other cluster properties (charge, shape, …)?

ADC value
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I. Heinz, Hopfield Network for Cluster PID at the PXD



HOPFIELD NETWORK

Hopfield networks require binary data:

How can we represent other cluster properties (charge, shape, …)? Customized activation

function
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I. Heinz, Hopfield Network for Cluster PID at the PXD



HOPFIELD NETWORK – CUSTOMIZED ACTIVATION FUNCTION

Function 𝑓𝑖

Fits were made for 

each parameter.
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HOPFIELD NETWORK – CUSTOMIZED ACTIVATION FUNCTION

Activation function f

𝑓1 𝑓2 𝑓3 … 𝑓10

Individual functions 𝑓𝑖 are weighted by their rate range of possible domain.
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HOPFIELD NETWORK – CUSTOMIZED ACTIVATION FUNCTION

Activation function f

𝑓1 𝑓2 𝑓3 … 𝑓10

Individual functions 𝑓𝑖 are weighted by their rate range of possible domain.
Cluster shape added 

via Zernicke

moments
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I. Heinz, Hopfield Network for Cluster PID at the PXD



HOPFIELD NETWORK – RESULTS

Efficiency

number of correctly identified signals

total number of signals

Background rejection

number of correctly identified background

total number of background

Efficiency 

96.83%

BG rejection

98.49%
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HOPFIELD NETWORK – RESULTS

Efficiency

number of correctly identified signals

total number of signals

Background rejection

number of correctly identified background

total number of background

Efficiency 

96.83%

BG rejection

98.49%

Downsides?

• Requires preprocessing

• Static / not versatile 
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PROJECTS RELATED TO DATA SCIENCES AND AI….

Classic MLP & Kohonen

Maps

Hopfield Networks, 

Voxels,  Autoencoder…

Networks on FPGA
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VOXELS - SPHERICAL

 Ideal radius?

 Curse of

dimensionality

92.38%
coverage of data
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J. Bilk & J. Budak, Detecting Clusters in Highdimensional Data



VOXELS

92.38%
coverage of data

>99%
coverage of data

Spherical voxels Cubic voxels
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J. Bilk & J. Budak, Detecting Clusters in Highdimensional Data



VOXELS

Problematic on 

overlapping data sets!
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ONGOING PROJECTS

Elastic Matching CNNs

…will be presented in 2022!
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PROJECTS RELATED TO DATA SCIENCES AND AI….

Classic MLP & Kohonen

Maps

Hopfield Networks, 

Voxels,  Autoencoder…

Networks on FPGA

STEPHANIE KÄS – PXD CLUSTER ANALYSIS USING NNS - DPG-FRÜHJAHRSTAGUNG 2021 29



Two approaches:

FPGA HARDWARE IMPLEMENTATION

Ongoing projects by

Peter Lehnhardt &

Falk Zorn

FOR FAST MATRIX 

OPERATIONS

High Level Sythesis

(C++ on FPGA)

Matrixmult. on FPGA 

(DSP Slices)

STEPHANIE KÄS – PXD CLUSTER ANALYSIS USING NNS - DPG-FRÜHJAHRSTAGUNG 2021

FPGA Data Acquisition System of

the PXD



PROJECTS RELATED TO DATA SCIENCES AND AI….

Classic MLP & Kohonen

Maps

Hopfield Networks, 

Voxels,  Autoencoder…

Networks on FPGA
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WE HAVE A DATE TOMORROW!

18:00 -18:15
Topic:  Autoencoder

Identification of exotic highly ionising particles 
at the Belle II pixel detector using unsupervised 
autoencoders
By Katharina Dort

STEPHANIE KÄS – PXD CLUSTER ANALYSIS USING NNS - DPG-FRÜHJAHRSTAGUNG 2021 32



THANKYOU!
QUESTIONS? STEPHANIE.KAES@PHYSIK.UNI-GIESSEN.DE
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BACKUP
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K. Dort, Belle II Pixeldetector Cluster Analysis Using Neural

Network Algorithms, Talk @ Vienna 13/01/20
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K. Dort, Belle II Pixeldetector Cluster Analysis Using Neural

Network Algorithms, Talk @ Vienna 13/01/20
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K. Dort, Belle II Pixeldetector Cluster Analysis Using Neural

Network Algorithms, Talk @ Vienna 13/01/20
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K. Dort, Belle II Pixeldetector Cluster Analysis Using Neural

Network Algorithms, Talk @ Vienna 13/01/20
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K. Dort, Belle II Pixeldetector Cluster Analysis Using Neural

Network Algorithms, Talk @ Vienna 13/01/20



HOPFIELD NETWORK – USE OF ACTIVATION FUNCTION

weighted sum = full weight matrix

Signal weight matrix Background weight matrix

Seperately

calculated
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K. Dort, Belle II Pixeldetector Cluster Analysis Using Neural

Network Algorithms, Talk @ Vienna 13/01/20
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K. Dort, Belle II Pixeldetector Cluster Analysis Using Neural

Network Algorithms, Talk @ Vienna 13/01/20
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Slide by P. Lehnhard.


