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2.2 Geant4 simulations with restG4
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● Geant4 is a toolkit for the simulation of radiation transport in 
matter (more info)

● REST interfaces with Geant4 to configure simulation settings 
and store data in a compatible format (root files)
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REST-for-Physics and Geant4

https://geant4.web.cern.ch/
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● The Geant4Lib library handles all metadata related to 
simulation: physics list, generator, detectors… It does not link 
to Geant4! It also provides the data containers for the 
simulation results: You do not need to have Geant4 available 
to analyse simulation results!

● The restG4 package interfaces with geant4 to run the 
simulation configured with Geant4Lib
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REST-for-Physics and Geant4

https://github.com/rest-for-physics/geant4lib
https://github.com/rest-for-physics/restG4
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● Geant4 is a framework which requires the user to write their 
own simulation code linking to Geant4 libraries. It can be 
difficult for beginners.

● Geant4 also does not provide a standard way to save a full 
event, only computed observables such as dose/energy

● REST allows configuration of simulation via a single rml file
● The full simulation (all events / tracks / hits) are stored in the 

REST output file by default, which allows better understanding 
of the physics
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Motivation
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● Type `restG4` in the terminal to see available options
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restG4



Author Name REST-for-Physics School

● `restG4` only needs an RML filename as argument
● All other settings can be configured either in the RML or via 

command line arguments (`restG4 –help` to see all options). 
Command line arguments take precedence over RML!
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restG4

RML file (required) Output filename
Enable multithreading mode.
Set number of threads

Number of events to simulate
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● This RML will be used in the examples session afterwards
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Simulation RML files

TRestRun configuration: common to REST rml files
Sets output file and other parameters

https://github.com/rest-for-physics/rest-school/blob/master/day2/session2/basicSim.rml
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Simulation RML files

TRestGeant4Metadata:
Most important section. 
Configures most parameters of 
simulation such as:

● Geometry
● Entries
● Primary generation
● Sensitive volume 

configuration
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Simulation RML files

TRestGeant4PhysicsLists
● Configuration related to 

Geant4 physics
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The Geometry Description Markup 
Language (GDML) is a specialized 
XML-based language designed as an 
application-independent persistent 
format for describing the geometries of 
detectors (or parts of them) for physics 
experiments. GDML documentation

It is integrated in Geant4 and in Root

GDML schema:

❏ Definitions
❏ Materials
❏ Structure (geometry)  
❏ Setup: top volume of the geometry 

tree
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Geometry: GDML

https://gdml.web.cern.ch/GDML/doc/GDMLmanual.pdf
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Geometry: GDML

GDML TGeoManager Geant4

Text Geometry 
(Geant4)

Geant4 C++ 
code

Third party tools
(from stl, cad…)

ROOT C++ 
code

https://geant4.web.cern.ch/sites/default/files/geant4/collaboration/working_groups/geometry/docs/textgeom/textgeom.pdf
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Geometry and Event viewer

restGeant4_ViewEvent simulation.root
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● Many Geant4 examples can be found here. Best way to learn is to play with these!
● Let’s look at example 04 rml generator
● Launch muons from a circular plane. Energy and angular dist defined in histograms present 

in REST data directory

A complete description of all available generators can be found here
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restG4: generators

https://github.com/rest-for-physics/restG4/tree/master/examples
https://github.com/rest-for-physics/restG4/blob/master/examples/04.MuonScan/CosmicMuonsFromCircle.rml
https://sultan.unizar.es/rest/classTRestGeant4Metadata.html
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● The detector section controls which and how data is stored
● Only events depositing energy in sensitive volumes are recorded
● Active volumes will also be recorded (if the event itself is valid i.e. energy in sensitive volume)
● Different settings such as step sizes can be defined on a per-volume basis
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restG4: detector
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Some useful restG4 command line options:

● Multithreading (-t 8): launches multiple threads, simulation runs much faster!

● Number of primaries (-n 1000): launch 1000 primary particles

● Number of recorded events (-e 100): stop simulation when 100 events are stored in file

● Simulation time (--time 1h20m10s): stop simulation after set time has elapsed

● Output file (-o output.root): set the output file
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restG4: useful cmd line options
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● Let’s run a restG4 example from the REST install directory.

● Go to the example directory: `cd $REST_PATH/examples/restG4/04.MuonScan`

● Run the example and save output to some directory with write permissions: 

`restG4 CosmicMuons.rml -o /tmp/simulation.root`

● View events! `restGeant4_ViewEvent /tmp/simulation.root`
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restG4: launch an example
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● Contents of a restG4 simulation file:

● `restManager filename.root` to get to the root prompt

Simulation output is stored in the EventTree (ROOT TTree)
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Geant4lib: restG4 simulation data exploration
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Access the current event:

Use “tab” key to autocomplete methods and discover new ones! Or check the documentation of 

each class here

Use TRestRun (run0) methods to get to a new entry
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Geant4lib: restG4 simulation data exploration

https://sultan.unizar.es/rest/classTRestGeant4Event.html
https://sultan.unizar.es/rest/classTRestGeant4Event.html
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Data hierarchy: Run > Event > Track > Hit

Tracks can be accessed from event:

Track information can be printed or accessed via many built-in methods

Hits can be accessed from track:
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Geant4lib: restG4 simulation data exploration
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These methods can be used in ROOT/Python code scripts for fast analysis, or used in jupyter 

notebooks

The data can be plotted directly with matplotlib

Or we can use REST processes to populate analysis tree (exercises after this session!)
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Geant4lib: restG4 simulation data exploration


