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Introduction:
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■ We need to simulate generation, 
transport and detection of photons 
in our detector.

■ Full optical simulations are 
prohibitively slow. Fast optical 
methods (semi-analytic, optical 
libraries, GNN) are implemented to 
save time and resources. Still full 
optical simulation needs to be run at 
least once.

■ Full optical simulation can also be 
used for instance to quantify the 
importance of Cherenkov light 
signal. 
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New LArG4 vs Legacy LArG4:
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■ In the new LArG4 optical 
properties (refractive index, 
Rayleigh scattering, WLS 
spectrum… ) are read from the 
geometry file. 

■ Since the migration to the new 
LArG4 the full optical simulation 
has not been working.

Images from here.

(DUNE VD, ProtoDune-HD and SBND)

         (MicroBoone)
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■ Even after turning on optical 
physics in the fhicl file and 
modifying accordingly the 
geometry file, the full 
simulation crashed halfway 
through.

■ There was a bug in one of 
the functions managing how 
particles are saved.  

LArG4 issues:
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■ Every time a particle is created, it 
is saved to a particle list.

■ When scintillation/Cherenkov 
light photons are produced, their 
mother particle is erroneously 
added to the list after each step.  
Also particles with energy below 
an energy cut were not saved.

■ Prevent this behaviour by only 
adding particles whose proper 
time = 0 and not saving particles 
with E<EnergyCut and PDG!= 0.

LArG4 issues:

srcs/larg4/larg4/pluginActions/ 
ParticeListAction.cc [LArG4 modification] 
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■ After fixing the bug we managed 
to run the first full optical 
simulations with the new LArG4 
in SBND.

■ Cerenkov light from a low energy 
electron (0.03 GeV) and a low 
energy muon (0.3 GeV). 

■ There is a high granularity as we 
are storing the positions where 
photons hit the detector 
(information from PhotonHit 
object, described in slide 9). 

First full optical simulations:
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■ I will be using SBND geometry 
file as my test case. With the 
current geometry optical 
detectors are defined once and 
replicated throughout the 
detector.

■ All of them are automatically 
assigned ID=0. 

Modified Geometry for the Full Optical Simulation:

localProducts_larsoft_09_63_00_e20_prof/   
sbndcode/v09_63_00/gdml/  
sbnd_v02_00_nowires.gdml
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■ We need to define each optical 
detector independently and 
give it its own ID.

■ Geometry file contains now a 
definition for each optical 
channel. 

■ Fhicl file has to be changed 
accordingly to include the new 
sensitive volumes.

Modified Geometry for the Full Optical Simulation:
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■ The objects created by artg4tk 
are PhotonHits, which cannot 
be inserted into LArSoft 
workflow.

■ We created a new larsim 
module (PhotonHitConverter) 
that converts PhotonHits to 
SimPhotons/SimPhotonsLite. 

■ Output is fhicl-configurable. It 
is possible to choose between 
SimPhotons/SimPhotonsLite. 

PhotonHitConverter:

srcs/larsim/larsim/PhotonHitConverter
           [larsim modification] 
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■ Crosscheck the implementation of the module with the truth 
information from the PhotonHits.

■ After this conversion the information from the full simulation 
can be inserted into LArSoft workflow for further stages. 

PhotonHitConverter validation:
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Geant4-GDML problem found.

■ There is a significant discrepancy for 
VIS light (~30%). 

■ Due to a bug with the reading of the 
optical properties by Geant4. 
Reported in 2020 and solved for 
version > v10_07. (LArSoft runs 
v10_06).

■ Geant4 does not save reflectivities 
correctly. Only the reflectivity of the 
first surface is saved, all the others 
are taken as the first one.

■ In our geometry all reflectivities set 
to the stainless steel reflectivity. 
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■ Full optical simulations can be successfully run with the new 
LArG4 and its products inserted into LArSoft workflow. Fast 
optical methods can finally be calibrated after the migration.

■ Changes made are applicable to any LArTPC experiment within 
LArSoft framework.

■ Some optical properties require an updated version of Geant4 
(>v10_07).

■ Preparing pull request to include modification in LArG4 
ParticleListAction.cc and add PhotonHitConverter module to 
larsim.

Summary:


