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ML developments for FPGAs
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TD CPV and amplitude analysis in Bs0→(K+𝝿-)(K-𝝿+)
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TD CPV and amplitude analysis in Bs0→(K+𝝿-)(K-𝝿+)
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→ 2000x faster than 1 CPU.

+ First/best measurement of all the CP-averaged amplitude parameters.

[JHEP 03 (2018) 140]

https://link.springer.com/article/10.1007/JHEP03(2018)140
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First LHCb measurement of R(D+) and R(D*+)
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100+ data samples 
22 types of bkg. 
4 regions in fit

[Phys. Rev. Lett. 134, 061801]

68 fit parameters 
14 checks 
22 syst. uncert.

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
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Side products of the analysis
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Tracker-only simulation
Sub-detector response turned off

HistFactory/RooFit-HAMMER

Package of emulations for:

 - L0Hadron TOS, L0Global TIS.
 - PID.
 - Neutral isolation.

Usage of C++11 when interfacing 
with HAMMER.
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SW development for RTA HLT2 in Run 3

• Co-coordinated the migration of ~100 HLT2 SL lines to the Run 3 trigger 
software (Moore). ~15 developers.

• Modularised and streamlined the selections with composite builders.
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SW development for DPA in Run 3

From Run 3 onwards, the SL WG needs to select which part of the event needs to be stored. 
→ Crucial for bkg and spectroscopy studies.

I have co-coordinated the creation of the first (MVA-based) tool for event-size reduction in SL 
lines [CERN summer student’s project]. ~8 developers.
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~10x event-size reduction. Commissioned for SL Sprucing lines.

https://cds.cern.ch/record/2879888/
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Deep-learning based Full Event Interpretation (DFEI)
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One-go inclusive multi-signal reconstruction + pileup suppression, for 
optimal event filtering in high-luminosity conditions.
➥ Target implementation in Sprucing for Run 3, HLT2 for Upgrade II.
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First version of the algorithm
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[LCA: Lowest 
Common 
Ancestor]

[Comput Softw Big Sci 7, 12 (2023)]

Good performance, but 
inference time of 𝒪(1s)

https://link.springer.com/article/10.1007/s41781-023-00107-8
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Work on CPU-based inference speedup

15

1. Work on alternative (faster) pre-
filtering algorithms.

2. Work on dynamic weight pruning 
in the GNN.

3. Work on a C++ based inference 
pipeline thanks to a collaboration 
with the TMVA SOFIE team.
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Expanding to more tasks: heterogeneous GNNs
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Automatic DQM in dynamic regime
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Both Online and Offline DQM are done by shifters, very person-power demanding.

Goals:

• Increase accuracy.

• Reduce person power.

• Adapt to changing conditions.

• Provide a robust and unbiased 
response.
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Novel statistics-based method
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• Automatic data-driven construction of templates with uncertainties.
• Gradual evolution of templates in time, when triggered by shifters/experts.
• Statistical comparison of current run with current set of templates. Unbiased 

wrt. run length via sampling method. Global or per sub-system/histogram.

Commissioned in Offline DQM, expected to reduce person power to 1/3.



06/03/25

R&D to improve the performance
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Predict the evolving templates with uncertainties using a transformer 
model and incremental learning.

[arXiv:2501.19237]

https://arxiv.org/abs/2501.19237
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R&D to increase the level of automation
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Allow the possibility to globally optimise multiple correlated tasks, partially involving 
human actors.
➥ Balance classification accuracy vs amount of human interaction.
➥ Long-term goal: optimise multiple operations in a control room. Balance data 

collection efficiency vs operational costs.

[arXiv:2405.15508]

https://arxiv.org/abs/2405.15508
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Eluned’s NSF CSSI grant
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Status of the current developments
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Some ML coordination activities

I first suggested this initiative one year ago, in a talk at the Software Framework(s) for 
LHCB’s Future Workshop. → Now created inside the Software and Computing Board.
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• Scope:
◦ ML discussion at the production level on aspects which are either cross-

project or LHCb-common (including common ML interfaces and pipelines, 
developments of ML for FPGA, usage of LLMs for documentation, …).

◦ Discussion of external ML opportunities for LHCb (requests of LHCb speakers 
for project-unspecific ML overview talks, new multi/inter-experiment ML 
networks, available hardware infrastructure, …).

The LHCb ML Forum

https://eucaif.org/

https://indico.cern.ch/event/1341333/contributions/5648615/attachments/2758778/4804023/ML_developments_and_requirements.pdf
https://indico.cern.ch/event/1341333/contributions/5648615/attachments/2758778/4804023/ML_developments_and_requirements.pdf
https://eucaif.org/
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ML Forum meetings
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