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Simulation in LArSoft 

● Its job is to simulate and reconstruct events from LArTPCs 
(as you've seen in the previous slides tutorials).

● The simulation usually runs in steps, with each step 
providing data products that can be used by the subsequent 
step.   

● We are supposed to be focusing on scintillation light, but I 
will do a quick run through the TPC part and what goes 
before, because it gets used.

● I will then talk about details of how scintillation works and 
how you can tweak things.

● Discussion of electronics effects will be in the reconstruction 
session (even though it is simulation).
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Geometry
https://cdcvs.fnal.gov/redmine/projects/larsoftsvn/wiki/Geometry 

D. Garcia-Gamez

https://cdcvs.fnal.gov/redmine/projects/larsoftsvn/wiki/Geometry
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Geometry model in LArSoft
The geometry description is hierarchically organized:

https://cdcvs.fnal.gov/redmine/projects/larsoft/wiki/Geometry_Package 

There are sorting 
Algorithms in place that

Determine which one goes 
first in the code

https://cdcvs.fnal.gov/redmine/projects/larsoft/wiki/Geometry_Package
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Coordinate System

D. Garcia-Gamez



21/12/18 A.M. Szelc, UK-LA Workshop, Campinas 6

Simulation flowchart

D. Garcia-Gamez

OpDetDigitizer
(digitizes 

waveforms)
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Event Generator

● First step in generating particles in LarSoft (majority of cases). 
Different cases, all live in larsim/EventGenerator  

● We may be interested in different “sources” of particles:
– Single particle gun (SingleGen)

– Neutrino Interactions (GENIE)

– Cosmic rays (CORSIKA)

– Supernova neutrinos (MARLEY)

– Read in from files generated by someone else...

● Each generator will create a collection of simb::MCTruth 
objects, which will be picked up by Geant4 and simulated 
through the detector. Main info: PDG, position, momentum (there 
is more, but these are generally enough)
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SingleGen
(single particle mode)

● Single Particle Gun equivalent in LArSoft. Very useful 
for debugging code and understanding simple features 
of what's going on.

● You can define the particle type (PDG code), position, 
momentum and how they vary (uniform, gaussian).

● There is an option to run with different/multiple particles 
either randomly between events or in the same event.
– This is a bit tricky, because you need to specify parameters 

for all particles (tiresome). But there is a trick – you can ask 
larsoft to “PadOutVectors”. Your arrays then need to be 1 or 
N particles (where N is max number). 
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larsim/EventGenerator/singles.fcl
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Marley SN generator

● Calculates a 
realistic nuclear 
response to an SN 
neutrino.

● You still have give it 
an energy 
distribution.
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LArG4 - Geant4

● LArSoft uses Geant4 mechanics to simulate the 
particle propagation in the LArTPC.

● It does this through a module called LArG4 
which is a wrapper that tells Geant4 to run things 
and harvests the results.

● It sets most of the relevant parameters needed 
by G4 (that you may have seen in the Geant4 
tutorial earlier).

● It does so through .fcl files. 
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Simulation strategy
● Use Geant4 

physics list 
(QGSP_BERT) to 
simulate particle 
propagation in 
materials. 

● Harvest the energy 
depositions (dE/dx)

● Perform the charge 
drift and light 
scintillation via 
LArSoft (most of 
the time).
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Electron “drift”
LarVoxelReadout::DriftIonizationElectrons()

dE/dx → recombination,lifetime correction [impurities] → nelectrons (charge) 

The way this then works is:
● Electrons are split in groups (default 600)
● They are projected to a Y,Z position at the position 

of the wire planes
● This position is then smeared using transverse diffusion

coefficients – this results in an effective diffusion 
of the whole deposition 

LarVoxelReadout::DriftIonizationElectrons()
dE/dx → recombination,lifetime correction [impurities] → nelectrons (charge) 

● Longitudinal diffusion is applied the same way to the x 
coordinate.

These charge clusters are then saved in sim::SimChannel objects (a protowire, if you will).
These contain sim::IDE objects – these contain the information about the true deposition 
(position, charge, trackID)
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 DetSim – electronics etc...

D. Garcia-Gamez
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Glossary of ART objects
or “who makes what”

● Generator:   std::vector <simb::MCTruth>

● LArG4:         std::vector <simb::MCParticle>
std::vector  <sim::SimChannel>
MCTruthParticle Info

● DetSim: std::vector <raw::RawDigit>

● CalWire: std::vector <recob::Wire>
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Simulation flowchart

D. Garcia-Gamez

OpDetDigitizer
(digitizes 

waveforms)
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Optical Simulation in LArSoft

● Liquid argon is very good at scintillating – 24000 
photons/MeV of deposited energy at 500V/cm, 
40000/MeV at zero field. 

● Simulating this for say a few hundred MeV muon in a 
large detector is very slow and very cpu consuming. 

● We need to be clever – one way to do this is to use an 
“optical library”. A lookup table that tells us what is the 
probability of detecting a photon given its position in x,y,z.

● We still need to use the full optical simulation to generate 
the lookup library. But only once. Well, only once per new 
configuration.
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How does Fast OpSim work?

D. Garcia-Gamez
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Example of a Light Library

D. Garcia-Gamez

We will look at the 
DUNE example in 

the tutorials. 
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Relevant Pieces of Code

● Full Optical Simulation
– LArG4/OpticalPhysics.

cxx

– LArG4/OpBoundaryPro
cessSimple.cxx

– LArG4/OpDet*

● Fast Optical Simulation
– LArG4/OpFastScintillati

on.cxx

– PhotonPropagation/Pho
tonVisibilityService*

– PhotonPropagation/Pho
tonLibrary.cxx

Most of the relevant code for scintillation
 simulation lives in the larsim repository
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How to turn on OpFast?

● services.LArG4Parameters.UseCustomPhysics: true
services.LArG4Parameters.EnabledPhysics: [ "Em",
                                  "FastOptical",
                             "SynchrotronAndGN", 
                                          "Ion",
                                       "Hadron", 
                                       "Decay",  
                                "HadronElastic", 
                                    "Stopping",  
                           "NeutronTrackingCut"]

● The full Optical simulation is called “G4Optical”
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Tunable knobs in Optical 
Simulation

● Timing Constants
● Ionization/Scintillation yields
● Rayleigh Scattering
● Timing Parametrization
● OnePhoton vs LitePhotons
● Material Properties
● Adding Reflected Light

Most of these are tunable 
via FHiCL parameters



21/12/18 A.M. Szelc, UK-LA Workshop, Campinas 23

Energy spectrum and timing 
Constants

● lardataalg  → larproperties.fcl

Found preparing these slides.
Is everything wrong?!



Energy spectrum and timing 
Constants

● larsim  → lightsource.fcl

Found preparing these slides.
Is everything wrong?!

Fortunately not.
(if you're using the library)



Before we restart

● Go to your working dir. If you were logged out, then:
– source /cvmfs/...

– source localProducts...

– cd $MRB_BUILDDIR

– mrbsetenv

– make install j4

● If your compilation is finished, we may also need, larsim.
● $ cd srcs/

$ git clone /home/andrzej/larsoft/srcs/larsim/.git
$ mrb uc
$ cd larsim
$ git checkout feature/andrzej_workshop
$ cd $MRB_BUILDDIR
$ mrbsetenv
$ mrb i j8
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Ionization/Scintillation Yields
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Rayleigh Scattering
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Rayleigh Scattering

● lardataalg  → larproperties.fcl
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Timing Effects 
● Rayleigh scattering can 

affect photon arrival times.
● This is accounted for 

automatically in full sim, but 
needs to be introduced in 
fastSim.

larsim/PhotonPropagation
/photpropservices.fcl
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OnePhoton vs LitePhotons
● Two objects that can be saved in the simulation. 
● Differences are:

One of these is much lighter
In terms of disk space and 

Memory.

Guess which one?
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Material Properties

● Some definitions in: 
lardataalg  → larproperties.fcl 

● Some hardcoded in 
larsim/LArG4/MaterialPropertyLoader.cxx

Not much there really.

The TPB is usually not 
implemented unless using

TPB-covered foils.
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Adding Reflected Light
● SBND is installing WLS coated reflector foils on 

the CPA to enhance light collection. The idea 
has been proposed for DUNE. This leads to 
visible light being seen from the cathode.  

In-gdml defition
Of TPB is very 

“Argon-like”

If PhotonVisiblityService.StoreReflected: true
Then library gets a second component, direct
VUV and reflected visible light are 
in principle separate.

Although for SimPhotonsLite, can't 
tell the difference.
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FastSim vs OpSim Knobs

Full Optical Sim Fast Optical

Timing Constants Tunable Tunable

Energy Spectrum Tunable Tunable
(although affects transport)

Ionization/Scintillation
Yield

Tunable 
(handwavy implemented)

Tunable 
(handwavy implemented)

Rayleigh Scattering Tunable “Burned in”

Timing Parametrization Not needed tunable

Material Properties Tunable “Burned In”

OnePhoton vs 
LitePhotons

chooseable chooseable
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Random bits of knowledge
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Generating the Optical Library

● Here is an advanced tutorial, that covers most of the details:
https://cdcvs.fnal.gov/redmine/projects/dunetpc/wiki/How_to_make_a_photon_library  

● The Library is generated by using a special event generator 
called LightSource (lives in larsim).  

● The volume needs to be divided into voxels – the size of the 
voxels affects memory footprint of the library very quickly. 
Remember, we need to store each x,y,z,PD combination. 
– Currently we can do 5x5x11cm in half of the 1x2x6 detector.  

● The larger the number of photons, the better. Current DUNE way 
of working is 50k/voxel. IMHO this is on low border of what you 
can trust. More photons = more memory, though. :(

● Basically, you cannot get out of doing this on the grid. 

https://cdcvs.fnal.gov/redmine/projects/dunetpc/wiki/How_to_make_a_photon_library
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D. Garcia-Gamez
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Why care about timing?

D. Garcia-Gamez
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Some general comments

● Given the large scale of the detectors and the high 
energies deposited, LArSoft will embrace any simplification 
that it can get away with. And probably some it can't.

● The library itself is an example, but by no means  the only 
place where we're cutting corners.

● Most materials are assumed to be non-reflective to VUV 
light. 

● You've built up a fancy simulation of your light detector that 
is super precise and sophisticated? 
– Unfortunately, it will probably end up being an efficiency-like 

number in the large detector simulation. Sorry.
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Getting around the library
● It would be great if we could get a 

quicker/more precise method of estimating 
the amount of light from scintillation. 

● Geometric approximations are a natural 
candidate, but they don't work well because 
of Rayleigh scattering – modelling this is 
non-trivial.

● We think it can be done though, some first 
results look promising. Should make it into 
LArSoft in the next couple of months. 
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Closing remarks

● Simulation of scintillation light in 
LArSoft is not easy.

● Some of these steps are still in 
development, so you need to keep 
track of what's going on. ;-)

● Tomorrow we will learn how to look 
at some of the effects of the 
simulation.

DIFFICULTY
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Backup
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Simulation flowchart

D. Garcia-Gamez
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GenieGen
(neutrino interaction)

D. Garcia-Gamez



21/12/18 A.M. Szelc, UK-LA Workshop, Campinas 44

Modifying the electric field
● Until now, we assumed that the 

electric field is uniform. 
● This could not be the case. A well 

known effect that can modify the 
E-field is space charge. 

● A module exists to simulate this 
and correct for it.
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Services

D. Garcia-Gamez
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larsim/simulation/
simulationservices.fcl
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Field Modeling 
(MicroBooNE example)

D. Garcia-Gamez



21/12/18 A.M. Szelc, UK-LA Workshop, Campinas 48

Modelling Electronics 
Response

D. Garcia-Gamez
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Examples of Raw and 
Convoluted Signals

D. Garcia-Gamez
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CalWire

D. Garcia-Gamez
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Deconvolution

D. Garcia-Gamez
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Additional challenges in 
signal processing

D. Garcia-Gamez
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Field response - 2D Garfield
calculation

D. Garcia-Gamez
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Effects of 2D deconvolution
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Using Regions of Interest
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