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1. ML in Fast Simulations with Geant4

Fast simulations with Geant4...
stop detailed simulation in a particular
region of the detector [1, 2]
use parametrized models to produce a
similar output

What happens in Geant4? What is actually stored?

...and machine learning
train aML model to be able to
produce the same output as Geant4
produce hits by running inference
on the generator

2. LHCb simulation framework

Gaussino
core simulation framework [3]
only experiment-independent
components
ideal test bed for new developments

Gauss-on-Gaussino
the latest version of the LHCb
simulation framework
based on Gaussino’s core
functionalities
adds LHCb-specific components and
configurations

3. CaloChallenge and Gaussino

CaloChallenge...
new Geant4 initiative [4, 5]
train on experiment-agnostic
training dataset
compare various models objectively
retrain the chosen model on the
target geometry!
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Gaussino Preliminary
Gaussino v0r1 standalone with Geant4 v10.7.3

Cylindrical Calorimeter
Fast Simulation | VAE pyTorch C++ API
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... in Gaussino
adapt to Par04 example of
CaloChallenge using Gaudi core
software components
provides production-ready setup
for HEP experiments!

presented at CHEP[6]

4. Running in LHCb

Recipe for production-ready
setup in LHCb
choose & benchmark C++ interfaces
to ML libraries with a chosen ML
model
adapt the model to the LHCb-specific
geometry & decide where the fast
simulation hooks should be triggered
validate the model against the LHCb
Geant4 detailed simulation data

Custom simulation
setup for LHCb

Tuning ML
components

Validation &
Performance

5.Tuning ML components

adapted & testedML interface to
ONNXRuntime & PyTorch C++
backend

Variational Autoencoder (VAE)
model with optimized custom
resampling head trained on particle
gun data
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Gaussino Preliminary
v0r1 standalone

Interface to pyTorchvs. ONNXRuntime (C++)
Benchmark test: C = AB where {A, B, C}⊂M1024 × 1024( )
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6. Exploit custom simulation interface for LHCb

a very thin plane in front of the calorimeter acts as a triggering point

works in both cases: inference time and training data production
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Gauss Simulation Private
Run 3 setup

Particle vertices
ECAL sensitive area
zMax / Collector Plane tilted by 0.207 deg
Triggering Plane tilted by 0.207 deg
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7. Validation & Performance

particle guns

ML-based
98.4%

Geant4-based
1.6%

LHCb Simulation Preliminary
Sim11, 10000 events
PGun / MomentumRange
p∈ [1.0, 10.0] GeV/c
∈ [1.0, 23.0]
∈ [0.0, 360.0]
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LHCb Simulation Preliminary
Sim11, 10000 events
PGun / MomentumRange
p∈ [1.0, 10.0] GeV/c
∈ [1.0, 23.0]
∈ [0.0, 360.0]

Fast simulation
Detailed simulation

e+ e- gamma
Particle ID
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LHCb Simulation Preliminary
Sim11, 10000 events
PGun / MomentumRange
p∈ [10.0, 100.0] GeV/c
∈ [1.0, 23.0]
∈ [0.0, 360.0]

Detailed simulation
Full simulation

pp collisions at 13.6 TeV center-of-mass energy

ML-based
37.9%

Geant4-based
62.1%

LHCb Simulation Preliminary
Sim11, 1000 events
Minimum Bias
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LHCb Simulation Preliminary
Sim11, 1000 events
Minimum Bias

Fast simulation
Detailed simulation

e+ e- gamma
Particle ID
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LHCb Simulation Preliminary
Sim11, 1000 events
Minimum Bias

Detailed simulation
Full simulation

performance
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1 ] LHCb Simulation Preliminary
Sim11 with Geant4 v10.7.3

Detailed vs. Fast Simulation (Geant4 vs. ONNXRuntime / VAEWithProfiles)
ECAL 1000x e ,  = 3.36◦,  = 27.5◦, interop. threads = 1

Geant4
ONNXRuntime / VAEWithProfiles

reconstructed energy
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LHCb Simulation Preliminary
Sim11 with Geant4 v10.7.3

Detailed vs. Fast Simulation (Geant4 vs. ONNXRuntime / VAEWithProfiles)
ECAL 1000x e ,  = 3.36◦,  = 27.5◦ 

Geant4
ONNXRuntime / VAEWithProfiles

a physics channel: B+ → J/ψ (→ e+e−)K+
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LHCb Simulation Preliminary
Sim11, 35k events
Run 3 / 2022 @ 

√
s  = 13.6 TeV

B + J/ ( e + e )K +

Fast Simulation 
(ONNXRuntime/VAEWithProfiles)
Detailed Simulation (Geant4 10.7.3)
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Fast Simulation 
(ONNXRuntime/VAEWithProfiles)
Detailed Simulation (Geant4 10.7.3)
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One model only for e+, e− and γ in the electromagnetic calorimeter

Up to 400× speedup in the simulation throughput

Around 1-4% energy difference vs. Geant4-based simulation

Try out a first production on the LHCb distributed computing!
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