
        SBND: Light Simulation. 

  Proposed changes for the Hybrid Model in LArSoft.
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Semi-Analytic Model: inside Active Volume

Optical Library: outside Active Volume
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Photon Propagation: Hybrid Model motivation.
• Hybrid Model: implementation in the New LArG4 (modular structure).

Reference: arxiv/2010.00324

• Currently used by Protodune (full detector) with New LArG4. 

• Valid inside and outside active volume but serious problems 
with memory.

• Currently used by SBND and DUNE (DUNE-SP 
and DUNE-VD) but with the Old/Legacy LArG4. 

• Photon propagation using corrections to the 
geometric efficiencies. 

• By construction valid only inside active volume 
(based on the solid angle).

SBND case

https://arxiv.org/pdf/2010.00324.pdf


Hybrid Model concept in the New LarG4.

• VolTPCActive 

• Outside 
VolTPCActive

• = 0.5 kV/cm in VolTPCActive  (Already implemented) 

• = 0 kV/cm Outside VolTPCActive (Minimal LArSoft modifications)
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- Scaled-down library (88 MB for SBND): just stores 
visibilities outside active volume. 
- Most updated version by Mu Wei: includes reflected 
light.

• Using:



Efield approach behind PMTs.

• Good approach: Efield = 0 kV/cm behind PMTs.
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A 2D electric field map at the top 
of the TPC. 

• Inside Active: Efield = 0.5 
kV/cm. 

• Top side of the Cryostat: 
Efield ~ 1.2 kV/cm. 

• Behind PMTs: Efield ~ 0 kV/
cm. 

Reference: SBN-doc-1317-v3 

SBND case

https://sbn-docdb.fnal.gov/cgi-bin/private/RetrieveFile?docid=1317&filename=SBND_TPC_Field_Cage_TDR_v3.pdf&version=3


Efield approach behind PMTs.
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Visibilities on the top and 
bottom side of the cryostat 
are almost negligible, so 
including the variable 
electric field will add little 
change to the Hybrid 
Model results.

• As first approach we can consider Efield = 0 kV/cm in the whole cryostat.

Behind PMTs visibilities are 
significant, then we need 
setting the electric field 
properly.

SBND case



Photon generation (Efield dependence).

• Higher Efield               Less recombination (recomb   )                 Less photons generated. 

• Efield = 0 kV/cm        All electrons recombine (recomb=0)         More photons generated. 

• Using LArQL model: Efield = 0 kV/cm          Escaping electrons do not recombine 
(recomb    )       
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Moving physics concepts into modules.
• In order to set the electric field to zero outside the active volume we need two additional functions 

so as to distinguish between Active and Non-Active volume.  

• These functions were defined in the PAR module (at photon propagation stage). 

• For the Hybrid Model we also need them in a previous stage (where photons are generated, in the 
EfFieldAtStep function of the Correlated module)           Create a new class. 

• Both modules are able to inherit the new class.
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Correlated Module PAR Module
extractActiveVolumes
isScintInActiveVolume

ISTPC New Class
Moving both functions

Inheritance

EFieldAtStep



• Changes in: IonizationScintillation/ISCalcCorrelated.cxx 
• Modifying the function EFieldAtStep. 

• If the scintillation point is not in Active Volume set Efield= 0 kV/cm. 
• Else (if it is in Active Volume) returns Efield value (0.5 kV/cm). 

•
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Added

Current Version

LArSoft-larsim/IonizationScintillation/
ISCalcCorrelated.



• If Efield = 0, recombination factor = 0 (+ LArQL correction). 
• If Efield  ≠ 0, calculate recombination factor.
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Added

LArQL Model



LArSoft-larsim/IonizationScintillation new 
class definition: ISTPC.
• IonizationScintillation/ISTPC.h
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LArSoft-larsim/IonizationScintillation new 
class definition: ISTPC.
• IonizationScintillation/ISTPC.cxx
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LArSoft-larsim/IonizationScintillation/
ISCalcCorrelated.

• Minimum change in: 
IonizationScintillation/
ISCalcCorrelated.h
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LArSoft-larsim/IonizationScintillation/
CMakeLists.txt.

• Required change in: 
IonizationScintillation/
CMakeLists.txt
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LArSoft-larsim/Photonpropagation/
PDFastSimPAR_module.
• Reading the functions from ISTPC new class. 
• Inherit the new class. 

• Remove private members that are now inherited.  

• Remove: isScintInActiveVolume and extractActiveVolumes functions. 
• PDFastSimPAR::Initialization() 
• PDFastSimPAR::produce(art::Event& event): Cross-check.
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Summary: Changes in sbndcode and larsim.
• sbndcode:                             

• PDFastSim_sbnd.fcl 

• standard_g4_refactored_sbnd.fcl.                          New-LArG4 Modular structure. 

• New Geometry (v02_00) 

• New Optical Library file 

• larsim:  

• ISTPC new class                                                            Proposal. 

• Minimal change in ISCalcCorrelated.cxx and PDFastSimPAR_module.cc                     
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http://pdfastsimpar_module.cc


•                                Cryostat Boundaries. 

•                                X [-259.98 , 259.98] cm 

•     Y [-271.53, 244.38] cm 

•     Z [-55.4 , 647.3] cm

Testing the Hybrid Model (LArSoft v09_22_02). Energy 
depositions for a single muon crossing the 3 dimensions.
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Expected result!  
We are able to cover all 
the cryostat volume with 
energy depositions.

Adding the new class 
doesn’t affect simulation 
time or memory Backup

Photons propagated by  
the semianalytic model

Photons 
propagated by  
the optical 
library module



Conclusions.
• 1- We have developed the Hybrid model for the Light Simulation/Propagation in the 

New-LArG4 (tested for SBND case). 
• Semianalytic in the Active Volume. 
• New scaled-down Optical Library outside the Active Volume. 

• 2- Minimal modifications needed in larsim package: our proposal is to include in 
EFieldAtStep() function the possibility to distinguish between Active (EField=0.5 kV/cm) 
and Non-Active (EField=0 kV/cm as a first approach) volume through 
extractActiveVolumes and isScintInActiveVolume functions. 
• 3- Functions defined in a new class: ISTPC, inherited by ISCalcCorrelated and 

PDFastSimPAR_module. 
• 4- Pull Request: It is not advisable to use multiple inheritance because it can cause art 

problems.
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2nd Proposal. Avoiding  multiple inheritance: 
ISTPC as a Singleton class.
• IonizationScintillation/ISTPC.h                     IonizationScintillation/ISTPC.cxx
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ISCalcCorrelated and PDFastSimPAR_module.

• ISCalcCorrelated.h: Delete ISTPC inheritance. 
• ISCalcCorrelated.cxx:  

• PDFastSimPAR_module.cc: Delete ISTPC inheritance.
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http://pdfastsimpar_module.cc


3rd Proposal. Avoiding  multiple inheritance: 
ISTPC as a Singleton class.
• IonizationScintillation/ISTPC.h                     IonizationScintillation/ISTPC.cxx
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ISCalcCorrelated and PDFastSimPAR_module

• ISCalcCorrelated.h: Delete ISTPC inheritance. 
• ISCalcCorrelated.cxx:  

• PDFastSimPAR_module.cc: Delete ISTPC inheritance.
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http://pdfastsimpar_module.cc


4th Proposal. Avoiding  multiple inheritance: ISTPC 
object in ISCalcCorrelated and PDFastSimPAR_module.
• IonizationScintillation/ISTPC.h                                              IonizationScintillation/ISTPC.cxx 

• Private data member of ISTPC class in ISCalcCorrelated and PDFastSimPAR_module
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fISTPC.extractActiveVolumes

Create this object in both modules

fISTPC.isScintInActiveVolume



                 Backup slides
SBND Hybrid Light Simulation



Comparing Hybrid Model: Simulation time 
and memory.
• 1- Preliminary Hybrid Model: Functions defined in PDFastSimPAR_module.cc and redefined in 

ISCalcCorrelated.cxx. 

• 2- First new class version:  Functions defined in PDFastSimPAR_module.cc. 
ISCalcCorrelated.cxx inheriting the functions from ISTPC class. 

• 3- Final new class version:  PDFastSimPAR_module.cc and ISCalcCorrelated.cxx both inheriting 
the functions from ISTPC class. 

• 4- PR: Avoid multiple inheritance: 

• 4.1- Singleton class version. 

• 4.2- Creating ISTPC object.
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http://pdfastsimpar_module.cc
http://pdfastsimpar_module.cc
http://pdfastsimpar_module.cc


Comparing Hybrid Model: Simulation time 
and memory.
• 10 crossing muon sample: E=5 GeV (100 cm, 270 cm, 250 cm), not using 

LArQL Model. 

• Reasonable values.

1- Preliminary 
Version

2- Mid Version 3- Final Version

TimeReport CPU 138.452446 s 143.629327 s 137.939001 s

TimeReport Real 139.441646 s 144.619775 s 141.595928 s

MemReport  
VmPeak [base-10 
MB]

2476.13 MB 2476.13 MB 2476.09 MB

VmHWM 1437.11 MB 1450.43 MB 1440.55 MB
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 Tools for Hybrid Model.
• Adding SBND New Geometry  

• sbnd_v02_00_nowires.gdml. 
• sbnd_v02_00.gdml. 

• PAR: Most updated version. 

• PVS: Most updated version. Using New Library (scaled-down library SBND_OpLibOUT_v2.00.root: 
88 MB).

• Semianalytic: volTPCActive 

• Library: volCryostat, volFieldCage, volTPCPlaneVert, 
volPMT, volModuleXArapuca, volPDSstructure.
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- (Thanks to Gustavo Valdiviesso).



G4 fhicl file refactored.

• sbndcode/LArSoftConfigurations/
PDFastSim_sbnd.fcl: 

•
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G4 fhicl file refactored.
• standard_g4_refactored_sbnd.fcl: 
• Add: #include “PDFastSim_sbnd.fcl” 
• Services: 
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• producers:

G4 fhicl file refactored.
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