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Geant4 in LArTPC simulation



• Liquid argon time projection chamber (LArTPC) is a powerful
detector technology for many existing and future neutrino 
experiments: such as MicroBooNE, ProtoDUNE, LArIAT, 
ICARUS, SBND, etc. 

• In this talk, we will briefly describe how Geant4 is used in a 
liquid argon time projection chamber (LArTPC) simulation.

• An ongoing project: factorization of larg4 simulation.
• Potential improvements to help LArTPC analysis

– Save subprocess name.
– Save intermediate information in intranuclear cascade.
– Advice on physics list.

Outline
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Generation

• Simulate truth information.
• Neutrino interactions, cosmic rays, nucleon decays, etc.

Geant4

• Propagate particles through detector using Geant4
• Multiple detectors components: TPC, photon detectors, cosmic ray tagger

Detector 
Simulation

• Recombination, saturation, correlation between scintillation photons and ionization 
electrons, electron drift, attenuation, diffusion

• TPC Electronics response, lookup table for photon detector response

Reconstruction
• Signal processing, hit finding, pattern recognition, Pandora, deep learning etc. 

LArTPC simulation
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• The LArTPC simulation is done in the larsoft/art framework. 
• There are two options to interface to Geant4
• Currently most experiments use nutools/G4Base (via the 

G4Helper)
– https://cdcvs.fnal.gov/redmine/projects/nutools/wiki/G4Base
– The latest larsoft uses version v4_10_3_p03e.
– The default physics list is QGSP_BERT.

• In ProtoDUNE, we are in the process of migrating to a 
refactored larg4 framework using the artg4tk package. 
– Version v4_10_3_p03e for comparison with old interface.
– Default PL is FTFP_BERT, changed to QGSP_BERT.
– An option to kill neutrons after 10 µs is disabled.
– Step limiter optimized for different materials.

Current usage of Geant4 in LArTPC simulation
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Artg4tk/larg4
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• Artg4tk provides interface between Geant4 and art. 
– Access to all reference physics lists with extensions.

• Various EM options (EM_V, EM_X, … etc.)
• Extend with physics constructor
• Optical physics, neutron killer, step limiter

– Use gdml to define geometry, material properties etc.
• Extend gdml to assign sensitive detectors to logical volumes, visualization 

properties, fields...
– Plug and Play library of typical sensitive detectors: e.g. Tracker, Photon 

Detector, Calorimeter, dual read out calorimeter, SimEnergyDepositSD... 
assigned to LV in gdml, each SD knows how to inject hits into art event 
stream and takes care of uniquely naming the hit collections. 

– Configurable model parameters 
• Very flexible framework which allows to create different detector 

configurations quickly, no knowledge of Geant4 internals necessary. Good 
for detector R&D.

• larg4 depends on artg4tk but contains the bits that are liquid argon 
specific and depend on the various data products and components of 
larsoft e.g. SimEnergyDepositSD, AuxDetSD, ParticleListAction (core of 
artg4tk just depends on art and Geant4).

From Hans Wenzel



• ProtoDUNE single-phase apparatus, located at CERN, is a prototype for 
DUNE’s far detector module. 
– Largest LArTPC ever constructed: 750 tonnes of liquid argon.
– Accumlated 4M events in test beam: pions/protons/kaons/electrons from 

0.3 GeV to 7 GeV/c.
– High resolution detector provides excellent spatial resolution and particle 

ID capability. 
– Measure detector response to various particles and hadron-Ar cross 

sections
• Results can be used to validate Geant4 simulation and improve the final state 

interaction model in neutrino generators.

ProtoDUNE-SP
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• We have been looking at detector calibration, dE/dx 
measurements, ranges.

• Inclusive charged pion-Ar and proton-Ar cross sections.
• Exclusive channels:

ProtoDUNE-SP measurements
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A pion absorption candidate A pion charge exchange candidate



• Inelastic charged pion scattering is modeled with Bertini
Cascade in Geant4. 

• Channels can be separated by final state particle
– E.g. pion absorption = no pions in the final state

• It would be good to be able to get and save the subprocess 
name from Geant4.

Getting information from Geant4
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Jake Calcutt

Inelastic processes



• Details in 
https://www.slac.stanford.edu/econf/C0303241/proc/papers/M
OMT008.PDF

• Normally only final state particles
are saved.

• It would be useful to get access
to intermediate information
– What particles are produced in 

initial pion-nucleon scattering
and which particles are produced
in intra-nuclear cascade.

– This would help measurements
like pion quasi-elastic scattering. 

Bertini Cascade Model
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• Signal (ionization and scintillation) creation in liquid argon is 
very specific to the material. A proper liquid argon scintillation 
modeling has to be provided to account for
– Recombination, saturation, correlation between scintillation 

photons and ionization electrons (implementations include 
Birks, Nest, Box etc.)

– Ratio of slow and fast scintillation photons
• It would be good to have advice on what physics list to use 

and to create a physics list specific to liquid argon detector 
response (e.g. proper simulation of radioactive decays for 
estimation of backgrounds, good simulation of neutrons etc.)

Collaboration with the Geant4 team
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