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Goal of the lecture/tutorial
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What will you (hopefully) know by the end?
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What is LArSoft?
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Why is LArSoft?
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Modules
Tools

ServicesFHiCL file

How is LArSoft (organised)?

• Provide information 
about


- Geometry


- Physical properties


- Physics simulation


• Accessed by modules.

• Configurable, local 
utilities callable inside 
modules.

• One per module 


• Configure your module 

- List the services to 
use


- Define parameter 
values

• Implementation of LArSoft 
algorithms


- Event generator, detector physics, 
reconstruction, …


- Has setup, input, running and 
output phase


- Uses LArSoft data products
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Modules
Tools

ServicesFHiCL file

How is LArSoft (organised)?

• Provide information about


• Geometry


• Physical properties


• Physics simulation


• Accessed by modules.

Most important thing in LArSoft: know the standard fhicl 
files and where to find them!!

• Configurable, local 
utilities callable inside 
modules.

• One per module 


• Configure your module


• List the services to 
use


• Define parameter 
values

• Implementation of LArSoft algorithm


• Event generator, detector physics, 
reconstruction, …


• Has setup, input, running and 
output phase


• Uses LArSoft data products
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art, data products & artROOT files
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•  LArSoft is based on the art framework 
developed by the Fermilab Scientific 
Computing division.


•  Data products are units of information that 
modules may add to an event or retrieve from 
an event


•  Output of the LArSoft modules (except 
analysers) are artROOT files. 


•artROOT files are NOT usual ROOT files! 

•Data products inside, not ntuples/trees

Click to access more info on art!

Not an acronym!

https://art.fnal.gov/art-workbook/
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Where to find the right FHiCLs? (examples)
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•  General LArSoft simulation fhicls can be found in: /cvmfs/
larsoft.opensciencegrid.org/products/larsim/<larsim_version>/job


• In sbndcode, it’s pretty straightforward: /cvmfs/sbnd.opensciencegrid.org/
products/sbnd/sbndcode/<sbndcode_version>/fcl


• In uboonecode, everything is in: /cvmfs/uboone.opensciencegrid.org/
products


• BUT


•  Most general fhicls are in: uboonecode/job


•  Event generators in: ubcore/job


•  Analysis fhicls in: ubana/job

http://uboone.opensciencegrid.org/products
http://uboone.opensciencegrid.org/products
http://uboone.opensciencegrid.org/products
http://uboone.opensciencegrid.org/products
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Side note: find_fhicl.sh

9

• Script to help you find a 
particular fhicl file

- Gives you the path to said fhicl


• Very helpful when trying to 
understand 

- where a particular parameter is 

set


- which fhicl file(s) you’re 
supposed to include


- …

./find_fhicl.sh <name_of_fhicl_file.fcl>Usage:
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LArSoft simulation flowchart?
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LArSoft simulation flowchart?
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LArSoft simulation flowchart?
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Data products: classes saved in the output artROOT file
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Step 1: Build-A-Detector
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Step 1: Build-A-Detector

e. g. Cosmic Ray Tagger

SBND geometry files in sbndcode/Geometry/gdml

Buildings, overburden,  surrounding dirt/rock, …

Containment structure for cryostat, front end boards, … 
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Step 1: Build-A-Detector
Coordinate system

Origin is experiment-specific 
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Step 2: Let there be particles!
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Now that you have a detector, you can generate some particles! 
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Step 2: Let there be particles!
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Event generators: Single Particle Gun
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• Used to generate individual particles or very 
simple interactions

More on that in the tutorial!
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Event generators: GENIE
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(Protons on Target)

Beam simulation Neutrino flux 
files
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Event generators: TextFileGen
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What’s in your output file? (1)
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Step 3: the tribulations of particles in LAr

22
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Step 3: the tribulations of particles in LAr
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Step 3: the tribulations of particles in LAr
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Step 3: the tribulations of particles in LAr
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Voxel size defined in simulationservices.fcl
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Step 3: the tribulations of particles in LAr
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Scintillation photons

Not my problem! See Patrick’s/

Andrzej’s lecture/tutorial ;)
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Step 3: the tribulations of particles in LAr
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Electron drift

Parameters in:  
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Step 3: the tribulations of particles in LAr
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LArG4 is dead! Long live larg4!

• Depends on nutools


• To change physics list, one needs to change 
ConfigurablePhysicsList.hh in larsim and 
recompile


• There can only be LAr as scintillating 
material

Legacy Refactored

• Depends on artg4k


• Can change physics list from fhicl file, or 
extend it, or create our own physics list in 
sbndcode and register it via G4 physics 
stamper class


• Can have different scintillating materials in 
the detector

MicroBooNE uses legacy, SBND/DUNE use refactored
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Step 3: the tribulations of particles in LAr
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LArG4 is dead! Long live larg4!

One module to rule them all

Illustration credit:  Marco Del Tutto

Ionisation, electron drift, optical simulation, CRT 
simulation is done by different LArSoft modules

LArG4 output 
SimEnergyDeposits 

and AuxDetHits
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What’s in your output file? (2)
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Step 4: make some noise!
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Step 4: make some noise!
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Look for detsimmodules_sbnd.fcl
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Step 4: make some noise!
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Step 4: make some noise!
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What’s in your output file? (3)
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Summary
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Now, let’s generate some events!
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Additional resources

37



Backup
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Modules
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• Implemented as self-standing class with one 
header file and on implementation file


• Extracts the parameters to run from a FHICL file


• Has an input phase, running phase and output 
phase


• Produces data products and histograms


• Technically, there should be 


• An algorithm class to perform all the operations 
required for a task


• A framework module class to manage  
coordinate algorithms


• Sometimes, algorithms are implemented within 
modules.
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Communication in LArSoft: services

40

(e. g.
(e. g.
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Event generators: Single Particle Gun
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• Used to generate individual particles or very 
simple interactions
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Step 4: make some noise!
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detsimmodules.fcl
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GENIE common fhicl file
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