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Disclaimer:

Talks in last workshop, white paper and examples still a good summary

– Software, Hardware and ML-Ops

– Fast-ML/FPGA Discussion

– White paper

Try to update and give direction of travel since last year

Not a comprehensive overview, just fuel for discussion …
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https://indico.cern.ch/event/1450122/contributions/6160246/attachments/2938622/5162101/AI%20in%20HEP_%20Software,%20Hardware%20and%20AI_ML-Ops.pdf
https://indico.cern.ch/event/1450122/contributions/6159610/attachments/2938412/5161689/Exploratory%20meeting%20on%20enabling%20AI%20in%20HEP_%20Fast-ML_FPGA%20Discussion.pdf
https://cds.cern.ch/record/2927605


Direction of travel in (some) offline use cases

Reconstruction & object ID

– Last year mainly GNN based examples: jet (flavour) tagging, track 
reconstruction, …

– Exploration of transformer architectures in the meantime, for jet tagging (e.g. 
ParT), track reconstruction, calorimeter clustering … 

– Bayesian NN with uncertainty estimates from ensembles (e.g. ATLAS Calo)

– Various challenges including training of large models and scaling of inference 
times etc. – in the end a slow march towards foundation models? (e.g. dataset)
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https://arxiv.org/abs/2202.03772
https://arxiv.org/abs/2412.04370
https://indico.cern.ch/event/1496673/contributions/6637964/attachments/3128419/5549406/FM_Collide2V_EMoreno.pdf


Direction of travel in (some) offline use cases

Analysis level use cases

– Many (most?) analyses use BDTs (especially LHCb) or DNNs for high-level 
analysis needs e.g. signal/background event classification

– Limited number of high-level variables, quick, easy to train …

– Emerging analysis techniques potential to increase complexity, e.g. Simulation 
Based Inference, normalising flows …

– Analysis use cases catch up in complexity and computational needs?
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Direction of travel in (some) offline use cases

Other use cases

– Anomaly detection (events/jets…)  increasingly important/popular topic

– Autoencoders to find unusual events through compression/reconstruction loss

– Fast (detector) simulations using generative AI e.g FlashSim

– Add your favourite here …
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https://indico.cern.ch/event/1578072/
https://www.epj-conferences.org/articles/epjconf/abs/2024/05/epjconf_chep2024_09020/epjconf_chep2024_09020.html


Direction of travel in (some) offline use cases

Tools and communication etc.

– Collaborations mainly use industry tools – interfaced to experiment software 
directly or via intermediate tools e.g. ONNX

– Some custom internal frameworks (e.g. Salt) – no huge push to align 
internally/across experiments?

– Getting more serious about ML Ops (see later comments and workshop)

– Experimental fora for discussion: conferences, workshops, LPCC IML …

– Models trained/developed typically with CERN/institute resources – UK?
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https://ftag-salt.docs.cern.ch
https://indico.cern.ch/event/1543741/
https://iml.web.cern.ch/homepage


Direction of travel in real time use cases

FastML (typically FPGA/GPU, low-latency use cases for triggering)

– Similar evolution towards attention/transformers/AD as offline in last year

– Different (larger?) challenges in real time world e.g. latency, chip resource .. 

– Strong progress on tools:

– High Granularity Quantisation (HGQ) becoming widely used

– Distributed Arithmetic (DA) becoming widely used

 – Investigation of custom AI engines in FPGAs

– Development of CI/CD pipelines and ML ops – critical in trigger world
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https://indico.cern.ch/event/1496673/
https://arxiv.org/abs/2405.00645
https://arxiv.org/abs/2507.04535


Direction of travel in real time use cases

Communication

– UK well aligned with Next Gen Trigger project at CERN (ATLAS > CMS)

– UK part of wider FastML community – https://fastmachinelearning.org

– Community tools e.g. hls4ml, conifer, HGQ, da4ml … some UK contribution?

– Non-profit to be set up in US to support tools long term (currently NGT, A3D3…)

– Support from industry (AMD, Altera, Nvidia, Google…)

– More intra UK communication? Opportunities to build on strong UK expertise?  
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https://fastmachinelearning.org


Direction of travel in real time use cases

Opportunities

– EPIGRAPHY (Edge deeP learnInG foR pArticle PHYsics)

– UK lead: Benedikt Maier (Imperial) & Caterina Doglioni (deputy, Manchester)

– MLQC4FC (Machine Learning and Quantum Computing for Future Colliders)

– UK leads: Valentina Vecchio (Manchester) & Simon Williams (Durham)

– ML4FE (Machine Learning for Front End)

– White paper planned (synergy with UK ASIC expertise/DRD?)
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https://www.cost.eu/actions/CA24153/
https://www.cost.eu/actions/CA24146/
https://indico.phys.hawaii.edu/event/2506/overview


The end …

What else has changed/evolved? What did I forget?

Have we managed to make progress on the recommendations from last year?

What key things should we aim to do in the coming months/year?
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Recommendations
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