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● The goal is to update the assessment of the status of LHC detector 
simulations, including the validation against data, the definition of the 
future needs for analysis work and for upgrade R&D studies, and the 
progress in the development of the tools. The workshop will bring 
together the current experience of the users from the experiments' 
physics performance groups, and the developers of the major 
simulation codes

● This was the 3rd of these workshops:
● 1st workshop in October 2011
● 2nd workshop in March 2014

● About ~30 people following the workshop on average
● of which ~10 remotely (via Vidyo)

● Two full days
● 9h – 18h

LPCC Detector Simulation
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● 1st Day

1. Tracking

2. Electromagnetic Physics

3. Hadronic Physics

4. Upgrades & Test-beams

● 2nd Day

1. Pileup & Overlay

2. Geant4 Status and Plans

3. Fast Simulation

4. GeantV

Sessions
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● More accurate physics modelling
● For LHC experiments, there is currently a general satisfaction for 

the Geant4 physics performance, however there are known 
deviations between simulation and data that need to be addressed

● With more recorded experimental data (e.g. LHC-HL), smaller 
systematic uncertainties due to the inaccuracies of physics 
modeling will be needed (otherwise limiting physics analyses)

● Design of detectors for future, higher energies experiments (e.g. 
FCC-hh), requires extensions of the physics models to higher 
energies, including rare processes

● An important common effort between developers and experiments 
is in physics validation, in order to use more effectively the 
test-beam and collider data to provide prompt and clear feedback 
on the quality of the simulation

– Further discussed in the HSF meeting in Annecy: agreed to collaborate 
between the experimentalists of a test-beam and Geant developers to
prepare a stand-alone simulation to be maintained by Geant team 

Main Needs for Detector Simulations (1/2)
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● Faster Simulations
● Full simulation is and will be crucial for the experiments, and any 

effort to speed it up is mandatory

– We are reviewing the algorithms to gain performances
– We are replacing rejction sampling with better sampling algorithms

in key areas
– We are exploring vectorization and locality in GeantV

● Fast simulation is becoming increasingly important

– Intense work activities in each experiments, as traditionally,
but there is a growing interest for common efforts

● Machine-learning approaches to fast simulation
● Generic tools that can streamline the tuning / training of fast-simulation 

based on the full simulation 
– Need to be able to mix full and fast simulation in the same event, so 

the simulation framework should allow it
● Geant4 and GeantV allow this 

Main Needs for Detector Simulations (2/2)
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         ElectroMagnetic (EM)      
    Physics       
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Hadronic (HAD) Physics   
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ATLAS (1/3)

412
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ATLAS (2/3)
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ATLAS (3/3)
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CMS (1/4)
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CMS (2/4)
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CMS (3/4)
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CMS (4/4)
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CALICE (1/6)
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CALICE (2/6)
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CALICE (3/6)
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CALICE (4/6)
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CALICE (5/6)
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CALICE (6/6)
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Summary & Outlook of Hadronic Physics 
● On-going consolidation of Geant4 hadronics in terms of:

physics & algorithms, and validation testing suite
● Bottom-up review of physics models (theory, approximations

and implementation, including rewriting from scratch) very useful !
Prefer a more theory-based model than a phenomenological one...

● For HEP applications, in particular for hadronic showers,
the main G4 hadronic models – FTF , BERT , Preco – 
seem to be reaching their “potential limits”...

● More promising developments instead in low-energy hadronics,
driven by medical and nuclear physics...

● Future major developments for HEP applications are likely to 
come from alternative string models: 

● QGS   in the short & medium term 
● EPOS in the long term
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Fast Simulation (FastSim)   
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Sofia Vallecorsa “Machine Learning-based fast simulation for GeantV”
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Sofia Vallecorsa “Machine Learning-based fast simulation for GeantV” 28
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CMS Fast Sim (1/2)

Sezen Sekmen “Fast Simulation in CMS”
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CMS Fast Sim (2/2)

Sezen Sekmen “Fast Simulation in CMS” 30
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ATLAS Fast Sim (1/3)

Federica Fabbri “Fast Simulation Chain in ATLAS” 31
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ATLAS Fast Sim (2/3)

Federica Fabbri “Fast Simulation Chain in ATLAS”
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ATLAS Fast Sim (3/3)

Federica Fabbri “Fast Simulation Chain in ATLAS”
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● Fast simulation is playing an increasingly important role
● Only way to cope with the increasing statistics of LHC data

● Lot of independent activities in each experiment
● Fast simulation is very much detector-specific

● However, there are opportunities and interest for common 
activities between the experiments and Geant developers

● Machine-learning approach to fast simulation
● Generic tools that streamline tuning/training FastSim on FullSim

● Could it be useful to set-up a forum for discussing & meeting 
FastSim between the experiments and Geant developers ?

Summary & Outlook for FastSim
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Conclusions              
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● Positive and useful workshop !

● We still need to “digest” all the presentations, and eventually 
adjust our work plan according to the experiments' needs 
and priorities

● Keeping the 3-year gap between LPCC Detector Simulation 
workshops seems resonable

● It takes a lot of effort for all parties (experiments and developers)
to prepare and attend it !

● There are other venues (e.g. Geant4 Technical Forum, a few times 
per year) where issues from the experiments can be reported and 
discussed with the developers

● Also the duration of the Workshop, 2 full days, seems a 
reasonable compromise

● To have enough time to cover different aspects and to discuss

● To ease the participation of people, in particular experimentalists 

Conclusions
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Back-up              
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Pileup & Overlay              
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ATLAS Pile-up & Overlay

Tadej Novak “ATLAS Pile-up and Overlay simulation”
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CMS Pile-up & Overlay

Mike Hildreth “Strategies for Modeling Extreme 
Luminosities in the CMS Simulation”
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Upgrades & Test-Beams   
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CMS Upgrades (1/2)
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CMS Upgrades (2/2)
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ATLAS Test-beams
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GeantV              
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GeantV (1/2)

Andrei Gheata “GeantV current status and plans”
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GeantV (2/2)

Andrei Gheata “GeantV current status and plans”
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