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Existing Algorithms in LArSoft (larsim)
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Two LArG4

• Refactored

• Legacy

Three algorithms

• Separate

• NEST

• Correlated

Refactored

Legacy

Code for the three algorithms



Refactored largeant
• larg4Main module

• Simulate propagation of the primary particle

• IonAndScint module
• Calculate number of ions and photons at each energy deposit
• Choose algorithm via ISCalc + InputTag

• PDFastSim modules
• Generate PD response according to Library/Parameterization/GAN

The Algorithms in Photon Fast Simulation
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Legacy largeant
• LArG4 module (photon fast simulation)

• Calculate number of photons by the IonizationAndScintillation instance
• Choose algorithm via ISCalculation + LArG4Parameters

• Photon fast simulation by the OpFastScintillation instance
• Generate PD response according to PVS: Library/Parameterization



Separate Algorithm
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• Calculate number of ions based on:
• Recombination models, and
• Ionization yield from LArG4Parameters

• Calculate number of photons based on:
• Particle type
• Scint yield from LArProperties



• Newly developed – after the refactored largeant

• Algorithm is identical in legacy or refactored version

• Consider the anti-correlation between ion and photons due to 
the ion-photon recombination effect:
• Box recombination model, or

• A “Saturation” model

No Problems

Correlated Algorithm
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NEST Algorithm

Legacy largeant - NestAlg
• Implementation of NEST model in LArSoft

• Consider the anti-correlation of ions and photons
• Box model/Birks law/…

• Support neon/argon/krypton/xenon media

• Support gaseous/liquid/solid phases

• Need additional parameters (beyond that in EnergyDeposit)
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Refactored largeant - NESTLAr
• Simplification from NestAlg

• Also consider the anti-correlation of ions and photons

• Only use parameters recorded in EnergyDeposit

• Only support liquid argon



NEST Algorithm – extracted from NESTLAr
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Number of total 
quanta: e- and ph

Number of initial 
e- and ph 

Birks law for e--ph 
recombination

Anti-correlation 
between e- and ph

Working Identically for LAr



Separate Algorithm – issue
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When using Separate algorithm to calculate the number of photons for 
refactored largeant:

The number of photons in the refactored largeant is ~15% more than 
that produced in the legacy largeant

Configurations:

• protodunev7_photonvisibilityservice

• protodune_v7_refactored_nowires.gdml



Separate Algorithm – issue
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• Legacy largeant considers EM saturation effect
• Uses Birks law (G4EmSaturation) to calculate the visible energy deposit at a step

• Calculates the number of photons at a step based on a universal scintYield

• Visible energy is (~15% to 20%) less than the total energy

• Algorithm in Refactored largeant is ported from
larsim/ElectronDrift/ISCalculationSeparate.cc instead of
larsim/LegacyLArG4/ISCalculationSeparate.cxx

Shall we port G4EmSaturation to refactored largeant?


