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ARGO

ARGO

Total Argon Mass 400 tonnes​

Fiducial Mass 300 tonnes

Detector surface​ 250 m2

Detector type​ SPADS​

Readout​ Digital​



ARGO



ARGO
~250 m2 of detector surface

Individual detector « tile » Number of data channels

10x10 cm2 25 000

1x1 cm2 2 500 000

1x1 mm2 250 000 000



ARGO DAQ
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Machine Learning and Hardware

- Machine Learning operations
- Multiplications
- Additions
- Non-linear fixed function
- Memory transactions

- MAC unit
- Multiply-and-accumulate

- Look-up-table
- No need to compute the function

- Data transfers

Multiplier

Adder

Accumulator

A B



Machine Learning and FPGA

Reconfigurable

Efficient

I/O capacity

Programming

Limited clock

Limited resources

Logic
Memory
Digital signal processing slices



Machine Learning and Hardware

- Machine learning can analyse data using simple 
operations

- FPGA have several I/O

- FPGA can run ML models fully parallel and pipelined

Continuous readout and analysis



Machine Learning for ARGO
Start simple, build up, squish down.

Event 
classification

Event position

Event position and 
classification

Model 
reduction

NR ER α



Event classification
Statistical 

Cut CNN

Accuracy: 97.81% Events: 220,000 Accuracy: 99.09%

Confusion 
matrix

S. Esmaeilzadeh, IEEE NSS 2025



Event position
100x100 mm2 tiles

S. Esmaeilzadeh, IEEE NSS 2025



Combined model – event classification

Poster by Sajedeh Esmaeilzadeh
(POS-21)
Today at 18:00 



Combined model – event position

Poster by Sajedeh Esmaeilzadeh
(POS-21)
Today at 18:00 

100x100 mm2 tiles



Next steps
Event 

classification

Event position

Event position and 
classification

Model 
reduction

NR ER α

Reduced 
model

Model 
reduction

Energy

Trigger/Noise 
resilience

Time 
information

Hardware 
implementation

Submitted to IEEE NSS 2026



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

EdgeAI requires new tools and new methods to 
meet the requirements for experiments



CNN and ARGO

Poster by Sajedeh Esmaeilzadeh

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

Today at 18:00 
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