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Three Main Axes of Development
● Improve, optimise and modernise

the existing Geant4 code to gain in 
performance for the detailed 
simulation
○ Re-structure the code to make possible 

major changes (task-oriented 
concurrency, specialisation of the physics, 
better data formats, etc.) 
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● Trade precision for performance using fast simulation techniques both with 
parameterisations and with ML methods, and integrate them seamlessly in Geant4
○ Use detailed simulation to ‘train networks’ or to ‘fit parameters’ that later can deliver approximative detector 

responses well integrated within Geant4 

● Investigate the use of accelerators such as GPUs
○ With novel approaches for organising the computational work



G4HepEm
● G4HepEm and Specialized Stepping/Tracking in Geant4

presented last Tuesday

● dedicated G4HepEm Project
talk this Wednesday 
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https://indico.cern.ch/event/1052654/contributions/4524767/attachments/2309218/3929219/G4HepEm_SpecTracking_MNovak.pdf
https://indico.cern.ch/event/1052654/contributions/4528556/


G4HepEm
● prototype showing impressive CPU performance gains
● details of the integration and interfacing to the current Geant4 event loop require further discussion, but

the general approach already giving strong hints of the direction to go (specialized, streamlined code)
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Fast simulation
● see presentation by Dalila

● classical

○ activity resuming now

● ML-based
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https://indico.cern.ch/event/1052654/contributions/4525299/


From ML training to Geant4 fast simulation
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ML Training Geant4 Simulation

FullSim samplesTraining samples Data 
Converter

Trained model

ML model, objective function, HPO optimization, 
knowledge injection, validation ...

Python environment
CPU, GPU, ... 

Model 
Converter

Inference Interface

FasSim samples

C++ environment
Inference : CPU, GPU ...

h5, tf-
Records, 

...

LWTNN, 
ONNX, …

Model 
saving

Dalila Salamani
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Dalila Salamani



Opticks integration
● see report from Hans
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https://indico.cern.ch/event/1052654/contributions/4525304/
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see AdePT presentation

https://indico.cern.ch/event/1052654/contributions/4525306/


11



12



13



14



15



16



Conclusion
● R&D continuing along the 3 axes

○ improvements to the CPU implementation
○ fast simulation
○ GPU-based prototypes

● all projects bringing very interesting results at different levels of 
advancement (some production ready, some early prototypes)

● first GPU-based EM calorimeter simulation prototype expected before 
end of the year to allow an assessment of the performance and to decide 
on the future direction
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