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The Global Argon Dark Matter Collaboration
400 researchers from 100 institutions in 14 countries
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Total Argon Mass | 400 tonnes
Fiducial Mass 300 tonnes
Detector surface 250 m2

| | Detector type SPADS
Readout Digital
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ARGO

~250 m? of detector surface

Individual detector « tile » Number of data channels
10x10 cm? 25 000

1x1 cm? 2 500 000

1x1 mm? 250 000 000
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ARGO DAQ

Tile (top view)

Network
concentrator

Network
concentrator

Switches

SPAD Arra

Network

concentrator
ASIC FPGA network

Readout

Tile J
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Machine Learning and Hardware

A B
- Machme Learning operations l l
Multiplications o
Additions Multiplier
Non-linear fixed function
Memory transactions l
- MAC unit ] Adder
- Multiply-and-accumulate l
- Look-up-table
- No need to compute the function — Accumulator
- Data transfers l
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Machine Learning and FPGA

[] Logic
Memory
Bl Digital signal processing slices

Reconfigurable
Efficient

1/O capacity
Programming
Limited clock

Limited resources
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Machine Learning and Hardware

- Machine learning can analyse data using simple
operations

- FPGA have several I/O
-PGA can run ML models fully parallel and pipelined

3T
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Machine Learning for ARGO

Start simple, build up, squish down.

Event
classification

Event position and Model
classification reduction

Event position

3T



Event classification

Statistical Confusion

Cut matrix

0.99081 0.00002 0.06264

0.00085 0.99998 0.11679

ER

True

0.00000 0.00834 0.82058

Alpha

NIR EIR
Predicted

Accuracy: 99.09%

ER
Predicted

Accuracy: 97.81%

S. Esmaeilzadeh, IEEE NSS 2025 3!1-



100x100 mm? tiles

Event position

X Error Distribution Y Error Distribution
1 .
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Combined model - event classification

True

Ar39 Alpha

Ar4qo

4 1.17
0.80 LW
0.30 0.00
AI|;ha Ar39

Predicted

60

0.00
- 40
) C [ =20
-0

Ar40

Poster by Sajedeh Esmaeilzadeh

(POS-21)
Today at 18:00

3T



Combined model - event position

X Error Distribution Y Error Distribution  100x100 mm? tiles
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Next steps

' NRJER] o Submitted to IEEE NSS 2026

Hardware

implementation

Reduced Time

model information

Trigger/Noise
resilience

Model
Energy

reduction
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Conclusion

ARGO pushes sensitivity to dark matter, but
presents several challenges for DAQ systems

We built a single hardware aware ML model that
can extract interaction type and position
simultaneously

EdgeAl requires new tools and new methods to
meet the requirements for experiments
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CNN and ARG

Poster by Sajedeh Esmaeilzadeh

(POS-21) Real-time Machine Learning for
ARGO Data Acquisition System

Today at 18:00

Université de

REAL-TIME DATA COMPRESSION USING
MACHINE LEARNING MODEL FOR

ARGON-BASED DARK MATTER DETECTORS
Sherbrooke Saiedsh Esmasitzaden, Charles-Efienne Granger, Hamza Exzaoui Rahali, Audray C. Tharrien. 3T, Uriversiy of Sherkrocke

Fiavim Gmgﬁuiat. Simon Viel For the ARG collsboration

BACKGROUND
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Frgure 1: Conceptal design of ARGT Deleckor

ARGO Main Characteristics

| Start of operation - 2030s
Argon mass 400 fonnes
| Detactor surface | 200 m?
| Detector typs | SPADS
| Resdout ' Digital
' Tabie 1: Cverdm of he ARG Deteoior
CHALLENGES
ARIEOHS farge surace [200-250 ]
Rasufts in millions of channels (~2-200)
‘Cenersies |rge complax data
ERrage requites
Extensie cabing
‘Significant power cansumptian
immerse disk spase
OBJECTVES  8=mo=
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METHODs
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e cyingrical detecior geometry (100,000 imagas) (Fig. 21
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Model Structure
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