
LArSoft – Geant4 & Detsim 

DUNE-France Analysis Workshop 
Thibaut Houdy

  18th of April, 2023



18/04/2023 2



18/04/2023 3

Geant-4
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In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  

Generally speaking, it simulate detector materials with LArGeant (local version of Geant-4
 implemented in LarSoft). 2 versions: standard and supernova (tuned for low energy interactions)

Geant-4

process_name: G4Stage1 process_name: G4Stage2
Manage the interaction with materials of the 
geometry. Define the active detector→  can 
be seen as the distribution of deposited 
energy in the volume

Manage the transformation of deposited 
energy into charge/light. 
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In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  
process_name: G4Stage1

Geant-4

→ From single phase

A priori the only variable protodunevd specific variable is LArG4Detector
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In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  
process_name: G4Stage1

Geant-4

Attention! If you want to simulate Far Detector, 
using an other LArG4Detector : 
● @local::dune10kt_1x2x6_v4_larg4detector,
● @local::dunevd10kt_1x6x6_larg4detector
Or call the corresponding fcl.
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Geant-4
TUTO: 

To check the geometry:
Copy the gdml file from:
/cvmfs/dune.opensciencegrid.org/
products/dune/dunecore/$LArVersion/gdml/*

Here: v09_72_00d00/gdml/
protodunevd_v2_refactored_nowires.gdml

Then open root, and write: 
➢ TGeoManager::Import("protodunevd_v2_refactor

ed_nowires.gdml")
➢ gGeoManager→GetTopVolume()→Draw(“ogl”);

Here we can see the ProtoDUNE-VD.

To be instance, to be checked what is the difference 
between v1 and v2 and why g4 is using v1?
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In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  
process_name: G4Stage1

Geant-4

In LArG4 module, LArG4Main is used to create,
initialize, run, close the run managers and each
event. Standard function of Geant4 library.

PhysicsList, Geometry and Initial Event are passed
from Art and so accessible with fcl.
art::ServiceHandle<artg4tk::PhysicsListHolderService const> 
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Geant-4

https://www.phy.bnl.gov/wire-cell/bee/set/5633d85e-cefe-442f-8e84-3db7aa227d27/event/
0/

Using bee to visualize simulations:
Lar -c celltree_protodunevd.fcl out_step2.root

Then upload the bee/bee_upload.zip here : 
https://www.phy.bnl.gov/wire-cell/bee/

You might have to modify the celltree to visualize true_depo instead of reco_depo!

https://www.phy.bnl.gov/wire-cell/bee/set/5633d85e-cefe-442f-8e84-3db7aa227d27/event/0/
https://www.phy.bnl.gov/wire-cell/bee/set/5633d85e-cefe-442f-8e84-3db7aa227d27/event/0/
https://www.phy.bnl.gov/wire-cell/bee/
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Geant-4

https://www.phy.bnl.gov/wire-cell/bee/set/5633d85e-cefe-442f-8e84-3db7aa227d27/event/0/
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In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  
process_name: G4Stage1
process_name: G4Stage2

Geant-4
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In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  
process_name: G4Stage1
process_name: G4Stage2

● Calling different techniques in 
 dunesim/dunesim/LArG4/IonAndScint_dune.fcl 

Geant-4
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● Calling different techniques in 
 dunesim/dunesim/LArG4/IonAndScint_dune.fcl 

●  Calling the NEST package :

NEST (Noble Element Simulation Technique) is an 
unprecedentedly comprehensive, accurate, and 
precise simulation of the excitation, ionization, and 
corresponding scintillation and electroluminescence 
processes in liquid noble elements

● Option to correlate or not charge/light emission 
(“Correlated”,”Separate”, “NEST”) 

Geant-4
In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  
process_name: G4Stage1
process_name: G4Stage2
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Geant-4
In ProtoDUNE-VD – division in 2 steps of the geant-4 simulation step  
process_name: G4Stage1
process_name: G4Stage2
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Dans ProtoDUNE-VD – division in 2 step of the geant-4 simulation step : 

Geant-4
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Simulates signals on strips and photons detectors.

2 versions : standard and nozs (no zero suppression)

DetSim

https://lar.bnl.gov/wire-cell/

https://indico.fnal.gov/event/18681/contributions/48627/attachments/30239/37216/WireCellSimulatio
n.pdf

https://lar.bnl.gov/wire-cell/
https://indico.fnal.gov/event/18681/contributions/48627/attachments/30239/37216/WireCellSimulation.pdf
https://indico.fnal.gov/event/18681/contributions/48627/attachments/30239/37216/WireCellSimulation.pdf
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DetSim - Wirecell
From Hanyu WEI at Collab 
meeting May 2019
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DetSim

https://indico.fnal.gov/event/18681/contributions/48627/attachments/30239/37216/
WireCellSimulation.pdf

Simulates signals on strips and photons detectors.

2 versions : standard and nozs (no zero suppression)

From David Rivera (UPenn), Wenqiang Gu (BNL)
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DetSim - Wirecell
From Hanyu WEI at Collab 
meeting May 2019
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DetSim - Wirecell
From Hanyu WEI at Collab 
meeting May 2019
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DetSim - Wirecell
From Hanyu WEI at Collab 
meeting May 2019

+ noise model!
Data driven
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DetSim
Simulates signals on strips and photons detectors.

2 versions : standard and nozs (no zero suppression)
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DetSim
Simulates signals on strips and photons detectors.

Optical photon information saved in 
SimEnergyDeposit

More readings: 
DUNE collaboration meeting, Sept 2019 Muve
ProtoDUNE Sim/Reco meeting   Falvio (under development)

@Muve

A “Separate” model – mimics the scintillation 
light prediction from the NEST model

@Flavio et 
al.

A generic model for 
scintillation emission in LAr

From David Rivera (UPenn), Wenqiang Gu (BNL)From David Rivera (UPenn), Wenqiang Gu (BNL)

Wait for Henrique’s talk

https://indico.fnal.gov/event/21445/contributions/62638/attachments/39330/47630/PDSimulationRefactor_-_20190925.pdf
https://indico.fnal.gov/event/44159/contributions/190547/attachments/131011/160473/Charge-Light-Summary.pdf
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DetSim
Simulating a 5 GeV muon in ProtoDUNE-vd with random
Angle.
This is before any reconstruction, only using
McTruth

To be explored using the fcl file available at:
https://gitlab.in2p3.fr/dune-france/analysis-workshop/
-/tree/master/simu

https://gitlab.in2p3.fr/dune-france/analysis-workshop/
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DetSim
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DetSim

lar -c gen_protodunevd_cosmics.fcl out1.root
lar -c protodunevd_g4_stage1.fcl out1.root -o out2.root
lar -c protodunevd_g4_stage1.fcl out2.root -o out3.root
lar -c protodunevd_detsim.fcl out3.root -o out4.root
lar -c protodunevd_reco.fcl out4.root -o out5.root
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DetSim

lar -c gen_protodunevd_cosmics.fcl out1.root
lar -c protodunevd_g4_stage1.fcl out1.root -o out2.root
lar -c protodunevd_g4_stage1.fcl out2.root -o out3.root
lar -c protodunevd_detsim.fcl out3.root -o out4.root
lar -c protodunevd_reco.fcl out4.root -o out5.root

Thomas’ talk

Laura’s talk
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Conclusion

Keep in mind that Protodune-VD is still an on-progress simulation, be always 
critical about your results.

Exciting things to check :
- Are waveforms correctly simulated in Wirecell (strips VS wires)?
- Is the calorimetry correctly simulated?

- What about the full vertical drift detector?

- What about very vertical tracks? And showers?
- What about weird geometrical effects (disambiguation)?
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