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This work presents FPGA-RICH, an FPGA-based online partial particle identification system for the NA62
experiment utilizing AI techniques. Integrated between the readout of the Ring Imaging Cherenkov detector
(RICH) and the low-level trigger processor (L0TP+) , FPGA-RICH implements a fast pipeline to process in real-
time the RICH raw hit data stream, producing trigger-primitives containing elaborate physics information,
such as the number of charged particles in a physics event, that the L0TP+ can use to improve trigger decision
efficiency.
The system is deployed on a single FPGA device and uses both classical online processing methods and a com-
pact Neural Network algorithm to achieve efficient event classification while managing NA62’s challenging
throughput requirements (≈ 10 MHz). The streaming pipeline guarantees low latency (˜ 1 μs), comparable to
the other NA62 sub-detectors that send trigger-primitives to the L0TP+, allowing seamless integration in the
existing TDAQ setup as a new detector running in parallel with the RICH.
The system development leverages High Level Synthesis (HLS) programming language and the open-source
hls4ml software-hardware codesign workflow for fast, flexible and relatively simple reprogramming, debug-
ging and feature enhancements.
Currently integrated in parasitic mode in the experiment TDAQ, we will present and discuss our experience
with the system’s design and deployment along with the results obtained during the 2024 data taking.
The work highlights the strength and maturity of modern computing solutions, programming paradigms and
machine learning algorithms even within the challenging context of modern HEP experiments’online data
acquisition and analysis.
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