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● new hardware technologies for high bandwidth data transfer
● optical technologies (16.3 Gbps)
● 10 Gbps ethernet

● precise timing distribution in sub-nanosecond regime
● intelligent realtime algorithms for online data reduction

● Belle II – background rejection on FPGAs
● HyperK – vertexing on trigger level (t <10 ns) on GPUs

● novel programming and DAQ software techniques
● parallelisation on both FPGAs or GPUs
● methods of artificial intelligence* for trigger decisions 
● integrated dynamic service discovery, monitoring, 

fault tolerance, dynamic routing and remote control.

WP 5.2 
b) Online data acquisition and remote controls

Slide shown at 
Jennifer–2 Kickoff 
Workshop
Vienna, 12.–13.09.2019

TASKS

*more appropriately called “MACHINE LEARNING”
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WP 5.2 | Belle II PXD DAQ operation
● RUN 1 from 10/2019 to 06/2022 
● 89.5% data taking efficiency (even during pandemic)
● 300 TB zero-suppressed data recorded
● 400+ Million events recorded
● Triggerrate up to 8 kHz 

(design 30 kHz, short tests run up to 35 kHz)
● 2.472.019 truncated events have been detected 

(during injection, PXD occupancy rises to more than 10%)
● 35 Single Event Upsets detected
● Physics results: some of worlds most precise lifetimes (permille accuracy) 

Ph. D. thesis Simon Reiter, secondments in Jennifer 1 & 2, recent secondment in 02/2025
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WP 5.2, TASK: Intelligent realtime algorithms 
for online data reduction

Belle II PXD – background rejection on FPGAs

Event filtering on High Level trigger
(operation during physics data taking)

Regions-of-interest (prototype run)
not enabled yet due to low luminosity

Ph. D. thesis Simon Reiter, secondments in Jennifer 1 & 2, recent secondment in 02/2025
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● Optical technologies (16.3 Gbps): new generation of carrier board, factor ~2.5 higher 
link bandwidth, new firmware: link layer protocol changed from Aurora to AXI 
Stream (Matthäus Krein, secondment 2024, test at KEK)

● 10G ethernet: PXD MC data streamed through uplink of ATCA switch, stress test, 
factor 2 overload @ input (Klemens Lautenbach, secondments in Jennifer 1 & 2)

WP 5.2, TASK: New hardware technologies 
for high bandwidth data transfer 

ATCA ADLINK aTCA-3150
10G Uplink

New carrier board
Kintex Ultrascale 060
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● LVDS links, clock/data phase shift is compensated by delay, automatic tuning in 
firmware implemented (routing and temperature variation)

WP 5.2, TASK: Precise timing distribution in sub-nanosecond regime  

Thomas Geßler, secondments in Jennifer 1, now integral part of PXD operation
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● Parallelisation on FPGAs
Region-of-interest selection (ROI), parallised up to 32 ROIs per FPGA module, 
compared to emulator, factor 355 faster than single core PC (Intel i7, 3.4 Ghz)≤
Simon Reiter (Giessen), recent secondment in 02/2025

● Methods of artificial intelligence for trigger decisions
“rescue pixels” of e.g. slow pions, which are otherwise 
deleted online by ROI selection (HLT “anti-trigger”)

● significant progress during Jennifer2
● ~10 algorithms tested and compared, 

winner fixed: decision tree (only requires 
if-statements on FPGA, no matrix multiplication)

● offline implementation in basf2 
(multi-step processing logic)

● achieved efficiency ~80%, purity ~80% (vs. QED background)
● work still ongoing: beam background generates many “fake” ROIs

WP 5.2, TASK: Novel programming 
and DAQ software techniques

Johannes Bilk (Giessen), recent secondment in 03/2025
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WP 5.2 DELIVERABLE
Realtime Workshop
● April 8–11, 2024
● Hybrid mode:

● 48 registered participants, 
 about 20 at Giessen campus

● Remote talks from Japan, 
Switzerland, US, UK

https://indico.belle2.org/event/10782/
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Realtime Workshop 8.–11.04.2024 
(Jennifer2 WP 5.2 Deliverable)
See detailed report 
by Dmytro Meleshko (Giessen)
at Jennifer2 Project General Meeting
June 2, 2024 @ KEK

[click here for pdf]
TOPICS:
– Belle II and Neutrino DAQ Systems
– Untriggered readout systems 
  (up to Tbytes/s), 
– FPGA systems (TDC, ADC, 
   new platforms e.g. PCIe40,
   new system-on-a-chip architectures,
   earthquake detection)
– Neural Networks on trigger level 
  (latency down to 10 ns)

Continous data stream 
of overlapping events 

in ALICE TPC (50 kHz Pb + Pb)

Graph Neural Network
for track finding

https://agenda.infn.it/event/41143/contributions/235323/attachments/120629/175599/JENNIFER2_REALTIME.pdf
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NEW 2024: Online monitor synchrotron radiation (SR) @ Belle II PXD
● Reminder: SR killed the first

Belle SVD in 1999 
(radiated from a dipole magnet ~35 m
from the experiment)

● PXD monitoring required,
photon counting areas updated 
from run I to run II

● 7 kHz betatron oscillation
visible @ injection

Dmytro Meleshko (Giessen),
recent secondment in 03/2025
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New 2025: Decision tree on a ZYNQ7 FPGA

– Decision tree, executed on FPGA 
  from Jupyter notebook
– Floating point processing (!)
– DMA (block data transfer)

Aaron Pieper, Nele Becker, Peter Lehnhard
(Giessen)
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Summary
● Successful Belle II PXD DAQ operation in Run I (400+ Million events recorded), 

thanks to support by Jennifer2
● FPGA-based readout, ATCA (Advanced Telecommunications Architecture), high 

speed links (16.3 Gbps optical, 10G), sub–nanosecond delays, parallelised by factor 
32 (speedup factor 355 compared to PC) 

● Machine learning (ML) algorithms for slow pions, 80% efficiency and 80% purity 
achieved, to be continued in Jennifer3 with more collaborators and many new tasks

 THANK YOU
FOR YOUR ATTENTION
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