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Astrophysical neutrino detectors

data
High-energy neutrinos provide a new view of A Bl

powerful astrophysical particle accelerators.

Detection is possible, but challenging: L

e Vast volumes instrumented with PMTs

e Remote locations (several km subsurface)

-» Data meets infrastructure constraints
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Astrophysical neutrino detectors

Depending on v flavor & interaction different
event signatures:

e Track-like signatures from v, interactions

e Direction of neutrino from reconstruction
of track orientation

e (Cascades & double-bang events

e Light detected ~ energy of neutrino

i g

.3 \ e
830 N s B
4HN .un(l.i!!‘!

Agostini et al. (2021), The Pacific Ocean Neutrino Experiment
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Astrophysical neutrino detectors

Background induced by:

Atmospheric muons & neutrinos
Dark noise from the PMTs

Radioactive impurities in surroundings

i g

‘.“"‘:"i!!“

Agostini et al. (2021), The Pacific Ocean Neutrino Experiment

N



Astrophysical neutrino detectors

Distinct underwater background sources:

e Radioactive decay (*°K) ~ kHz level

e Bioluminescence bursts up to few MHz
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Bailly et al. (2021), Two-Year Optical Site Characterization
for the Pacific Ocean Neutrino Experiment (P-ONE) in the
Cascadia Basin



Astrophysical neutrino detectors

Distinct underwater background sources:

e Radioactive decay (*°K) ~ kHz level

e Bioluminescence bursts up to few MHz
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Astrophysical neutrino detectors

Challenges:
e Sparse astrophysical events
e Background dominated
e Limited data transfer
e Power constraints

Signals and backgrounds

data



Astrophysical neutrino detectors

Challenges:

e Sparse astrophysical events

e Background dominated

e Limited data transfer

e Power constraints L
Wishlist:

e Sophisticated trigger
e Improved signal/background discrimination
e Fast (< us) real-time classification

™
™
i
.
.....
"
"
e
™

™
i
LN
.....
™
™
™
D

Signals and backgrounds
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Our proposal

FPGA-based fast machine learning triggers

Neural networks as https://fastmachinelearning.org/hls4ml/ Field-programmable
classifiers gate array (FPGA)



Work plan / 77N /\
e hls4aml =

1) Simulation

Simulate data, develop and compare neural network trigger algorithms
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Work plan

1)

2)

Simulation
Simulate data, develop and compare neural network trigger algorithms

Hardware implementation

Implement neural network-based trigger on FPGA

1



Work plan ' I

@ jiei1d

1) Simulation

Simulate data, develop and compare neural network trigger algorithms
2) Hardware implementation
Implement neural network-based trigger on FPGA

3) Trigger development

Increase trigger complexity and optimize use of FPGA resources
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Work plan SIRE

@ jiei1d

Simulate data, develop and compare neural network trigger algorithms

1) Simulation

2) Hardware implementation

Implement neural network-based trigger on FPGA
3) Trigger development

Increase trigger complexity and optimize use of FPGA resources
4) Trigger testing

Test performance with real data from maritime deployment locations and evaluate power

consumption, data rates, latency 13



Requested hardware

To fulfill our work plan we need:

e An easy to use FPGA prototyping board: e.g. Xilinx Zynqg UltraScale+
- Quick to get going and reproduce simple his4ml designs
e An FPGA board with more resources: e.g. Xilinx Virtex UltraScale+

- Necessary for more complex designs and full proof of concept

e Xilinx Vivado license

Each board x2: ensure parallel work between groups & cope with hardware issues
14



Why ORIGINS Seed Money?

e Exploratory, proof of principle project with potential for high impact
e Collaboration with the ODSL and between institutions
e Make hard- and software testbenches available after the project via ODSL for

further use within the cluster
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Summary

Investigation of a novel neural-network on-FPGA trigger system for neutrino detec-
tors, with the potential to become an important building block for future telescopes.
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Summary

Investigation of a novel neural-network on-FPGA trigger system for neutrino detec-
tors, with the potential to become an important building block for future telescopes.

Thanks for the attention!
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Our proposal
FPGA-based fast machine learning triggers

Signals and backgrounds

p- ™ p- - p- = Data to shore

Smart trigger
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