DRESDEN EXPERIMENT

TECHNISCHE R | Bondesminisei sess®  INSTITUTE OF
UNIVERSITAT ATLAS | wnd Forschun :%ﬁ: NUCLEAR AND DRESDEN 7 '\

e PARTICLE PHYSICS ~ €oncep!

Convolutional Neural Networks on FPGAs for
Processing of ATLAS Liquid Argon Calorimeter Signals

Anna Franke (anna.franke@cern.ch)

Supervised by: Anne-Sophie Berthold, Nick Fritzsche, Markus Helbig, Rainer Hentges, Arno Straessner,
Johann Christoph Voigt

DPG Conference Karlsruhe
March 05 2024



The ATLAS Detector at LHC
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Large Hadron Collider (LHC)
— proton bunches collide with 25 ns spacing (40 MHz)
— 2029: start of High Luminosity LHC (HL-LHC)

ATLAS detector

— HL-LHC: up to 200 collisions per bunch crossing (BC)
(currently ~ 60), pileup increases

—¥ _ modifications at Liquid-Argon (LAr) calorimeter
readout necessary
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LAr Calorimeter Readout
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— drifting ionisation electrons from electromagnetic
shower raise triangular pulse

— absorber (Pb, Cu, W) and electrodes in _ )
— shaped into bipolar pulse

accordion geometry
_ ||qu|d Argon (LAr) as active medium — parameter of interest: amplitUde ~ dEpOSited energy
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LAr Calorimeter Readout

FPGA - field LASP (liquid Argon signal
programmable gate array processor) - firmware

reconstructed energy
of an event

(using optimal filter)

For testing purposes:
mirroring LASP dacore in
Python model

— Intel Agilex 7 — Implemented in VHDL
— real time signal targeting o _
i _ i i aseline gain
processing energy reconstruction in rection L
data processing core

(dacore)

optimal energy
filter encoding
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Reconstruction of Energy

current way for energy reconstruction (OF)
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— close signals cannot be resolved
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Artificial Neural Network (ANN)

single node full network
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CNNs for LAr Readout

— CNN as ANNs which are

+ RelLU specialized to identify structures
Output : .
: (e.g. pulses from LAr calorimeter)

-50 -25 00 25 50

S Conv 2
s | ~[I7T1TI17TT719 117777
§ kernel = 6 ) .
£ dilation = 3 — — network size restricted by # of
§ IR T parameter (so far ~100) available
& Z on the FPGA
Q e = TRV —>
& Conv 1 e | "'L ’ ” , i‘ "'" " ’ B
s Yyl — more resources on Agilex FPGA: up
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Hyperparameter search
Field of View = 22
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Epred — Etrue [GeV]

Energy Reconstruction on CNN

comparison of a well-trained 2-layer CNN (100
parameter) with 3- and 4-layer CNN only trained
during hyperparameter search
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Gap [BC]

3-layer CNN (~400 param.)
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Summary

— upgrade of LHC to HL-LHC increases pile up of LAr calorimeter signal
— CNN suitable replacement for optimal filter for energy reconstruction in LASP Firmware
— larger number of parameters for CNN enables networks with more layers

— CNNs with 400 parameter show comparable or better energy resolution after hyperparameter search
compared to trained network with 100 parameter

Outlook:
— Quantized training of 400 parameter CNN
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