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Tracking + Machine Learning
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PID + Machine Learning
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Trigger 18X &

OSCARMEZR TSTCF L1fit & B ERISEI (524, R XK)

> OSCAR: Offline Software of Super Tau-Charm Facility

» Trigger algorithm is added between digitization and reconstruction

* Now only L1 trigger algorithm is considered

* This algorithm can realize event filtering, yet no filtering
operations are implemented

& T FHMEREZ(ESLI T L trigger, 4
BELSIE Sstandalone triggerss R—2X

* Save trigger status, trigger channel and timing information in
Global Trigger Collection

OSCAR-tutorial-2025.pdf Teng Li

a OSCAR
Event generation Detector Simulation Digitization Reconstruction —
Generator Detector Geomet: lonization, Tracking (tracks,
Background Mixing Physics List, & Light propa., dE/dx, TO) PID o
(Physics signal e Elec.response PID (RICH+DTOF) Vertex fitting
User Actions, h o
+beam background + M.C. Truth , Waveform EMC Kinem. Fitting
physics background ) e processing MUD RDataFrame

NS

PRFIAEMERGTFHINARR (XKF, LX)

Machine Learning and Hardware Acceleration for HEP Trigger

@ Belle Il transformer-based trigger for L1 : lightweight W}—» © Trnsdomer+FPGA: Bl COC

IPcox P FPGA fi on VPK120, meeting the L1 latency requirement.
T f d | d VPK12 O VIVADO? 2 @ GNN + Al Engine: Graph-based trigger
ra n S O rl I l e r e p Oye O n ML processing for CDC denoising on VCK190.
VITIS_HLS
© CNN + DPU: STCF PID acceleration
TETETS deployed on VCK5000 with quantization.
achina

® Trigger-oriented GNN: CDC/STCF hit denoising as graph || |o= 5
edge classification -4 g =i o
€ STCF PID CNN: CNN for K/mt identification deployed on
VCK5000 DPU with quantization
@ L3 trigger + GPU: Belle Il L3 reconstruction adapted PR o

. - DPU + Al en;ine
toWa rd G PU acceleratlon a VITIS'a (no PL) GPU-L3: single kernel test 46 ms - 0.16 ms e

Hardware-aware machine learning is essential for meeting real-time trigger latency
and throughput constraints in modern HEP trigger systems.

tion and trigger acc

(PL) Representative results

Transformer: 554.7 ns (< 600 ns)

Vitis

¥ XILINX
(. VITIS

GNN: AUC = 0.99, baseline latency = 12 ms

CNN-DPU: 5x CPU throughput, 80% lower latency
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Validation & Performance

* Consistent output with original P4-Chain

Codex-b/beta3ilfy F MBHRAE R TR SR ER(EME, HA)

* ~3 CPU cores utilized

* Peak memory below 1.1 GB
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