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What is REST-for-Physics ?
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• Rare Event Searches Toolkit

• a ROOT-based open-source software toolkit to process the data from 
detector physics experiments

• Originated at University of Zaragoza as a common environment for 
experimental and analysis activities

• Used in several experiments:

• TREX-DM

• BabyIAXO

• PandaX-III



Why REST?
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• Traceability of code and reproducibility of data

• Modularity (libraries and packages)

• Common data structures and processes for both simulated (Geant4) and 
experimental events



How? REST Project structure
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• Core framework: TRestMetadata, TRestEvent, TRestEventProcess classes

• Distributed in libraries:

• Geant4Lib

• RawLib

• DetectorLib

• TrackLib

• Packages:

• restG4 REST-for-Physics, a ROOT-based framework for event oriented data analysis and combined Monte Carlo response, K. Altenmüller, S. Cebrián, 

T. Dafni et al., , Computer Physics Communications, 108281, April 2022

https://doi.org/10.1016/j.cpc.2021.108281
https://doi.org/10.1016/j.cpc.2021.108281


Core framework
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• TRestEvent

• Base class for any event

• The framework is designed around them 
(event-oriented)

• TRestMetadata

• Base class for every configurable object

• Serialization via .rml (extended .xml) file

• Allows traceability and reproducibility



Other important classes
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• TRestRun

• Stores run information

• Handles I/O (via ROOT)

• Provides access to the events

• TRestEventProcess

• Base class for every process with event as input and output

• TRestAnalysisTree

• TTree derived class containing observables for each event



A. Ezquerro (CAPA) – VIEWS 2024 7

RawLib

TRestRawSignalEvent

• Represents the raw 

pulse from the 

electronics

• Time bin sampled 

by the electromics

TRestRawSignalAnalysisProcess

D
etecto

rL
ib

T
rack

L
ib

G
ean

t4
L

ib
Libraries



A. Ezquerro (CAPA) – VIEWS 2024 8

R
aw

L
ib TRestDetectorSignalEvent

• Physical time

• Baseline substraction
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TRestGeant4Event

• Particle

• Trajectory

• Energy depositions (hits)

• Primaries and processes
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REST-for-Physics, a ROOT-based framework for event oriented data analysis and combined Monte Carlo response, K. Altenmüller, S. 

Cebrián, T. Dafni et al., , Computer Physics Communications, 108281, April 2022

REST file content
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https://doi.org/10.1016/j.cpc.2021.108281
https://doi.org/10.1016/j.cpc.2021.108281


restG4 package
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• Allows to fully configure the GEANT4 simulation using RML files
without writing a single line of C++/Geant4 code

Command:

REST-school23 
(day3/session2)

https://github.com/rest-for-physics/rest-school/tree/master/day3/session2
https://github.com/rest-for-physics/rest-school/tree/master/day3/session2


restG4 package
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• Allows to fully configure the GEANT4 simulation using RML files
without writing a single line of C++/Geant4 code

• Define the TRestRun (run information)

• Define Geant4 parameters

• Geometry (gdml)

• Sensitive detectors

• Generator

• Define G4 physics
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restG4 package
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restG4 output
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• The result of  the restG4 simulation is a REST file with TRestGeant4Event

Macro: REST_Geant4_ViewEvent(“RestRunFile.root”)



restG4 output processing
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• The result of  the restG4 simulation is a REST file with TRestGeant4Event 

• To obtain experimental-like events, they must be processed taking into 
account the specific physics of the detector.

• For example: Gaseous Time Projection Chamber

• Energy resolution

• Electron diffusion

100 
V/cm

50 
kV/cm



Geant4Event Workflow
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TRestGeant4Event TRestGeant4ToDetectorHitsProcess TRestDetectorHitsEvent

• Stores a set of (energy, position) hits

• Removes Geant4 track information (step processes names, etc.)

• Ignore hits outside detector volume
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Geant4Event Workflow
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TRestDetectorHitsSmearingProcess

• Introduce an stochastic smearing on the 

energy of the hits for each event.

• The total energy of each event will be re-

distributed following a gaussian shaped 

function.

TRestDetectorHitsEvent

Before smearing

After smearing
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Geant4Event Workflow

20

TRestDetectorElectronDiffusionProcess

• Particular physics of gaseous TPC 

detector

• Simulates the difusión of electrons 

while drifting

• Uses detector properties

• Drieft field

• Gas properties (TRestDetectorGas)

TRestDetectorHitsEvent TRestDetectorHitsEvent
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Geant4Event Workflow
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TRestDetectorHitsToSignalProcessTRestDetectorHitsEvent TRestDetectorSignalEvent

TRestDetectorSignalToRawProcessTRestDetectorSignalEvent TRestRawSignalEvent

• Translates the Z-coordinate into a physical time using the drift velocity 

• XY-coordinates into a electronics channel (TRestDetectorReadout)

TRestRawSignalShapingProcess TRestRawSignalEventTRestRawSignalEvent
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Geant4Event Workflow Summary
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TRestDetectorHitsToSignalProcessTRestDetectorHitsEvent TRestDetectorSignalEvent

TRestDetectorSignalToRawProcessTRestDetectorSignalEvent TRestRawSignalEvent

TRestRawSignalShapingProcess TRestRawSignalEventTRestRawSignalEvent

TRestDetectorElectronDiffusionProcessTRestDetectorHitsEvent TRestDetectorHitsEvent

TRestDetectorHitsSmearingProcessTRestDetectorHitsEvent TRestDetectorHitsEvent

TRestGeant4Event TRestGeant4ToDetectorHitsProcessTRestGeant4ToDetectorHitsProcess TRestDetectorHitsEvent

TRestDetectorHitsToSignalProcess

TRestDetectorSignalEvent

TRestRawSignalShapingProcessTRestRawSignalEvent

TRestDetectorElectronDiffusionProcess

TRestDetectorHitsSmearingProcess

TRestGeant4Event

TRestDetectorHitsEvent TRestDetectorSignalEvent

TRestRawSignalEvent

TRestDetectorHitsEvent TRestDetectorHitsEvent

TRestDetectorHitsEvent TRestDetectorHitsEvent

TRestDetectorHitsEvent

TRestDetectorSignalEvent

TRestRawSignalEvent

TRestGeant4Event

A. Ezquerro (CAPA) – VIEWS 2024



Geant4Event Workflow Summary
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TRestDetectorHitsToSignalProcessTRestDetectorHitsEvent TRestDetectorSignalEvent

TRestDetectorSignalToRawProcessTRestDetectorSignalEvent TRestRawSignalEvent

TRestRawSignalShapingProcess TRestRawSignalEventTRestRawSignalEvent

TRestDetectorElectronDiffusionProcessTRestDetectorHitsEvent TRestDetectorHitsEvent

TRestDetectorHitsSmearingProcessTRestDetectorHitsEvent TRestDetectorHitsEvent

TRestGeant4Event TRestGeant4ToDetectorHitsProcessTRestGeant4ToDetectorHitsProcess TRestDetectorHitsEvent

TRestDetectorHitsToSignalProcess

TRestDetectorSignalEvent

TRestRawSignalShapingProcessTRestRawSignalEvent

TRestDetectorElectronDiffusionProcess

TRestDetectorHitsSmearingProcess

TRestGeant4Event

TRestDetectorHitsEvent TRestDetectorSignalEvent

TRestRawSignalEvent

TRestDetectorHitsEvent TRestDetectorHitsEvent

TRestDetectorHitsEvent TRestDetectorHitsEvent

TRestDetectorHitsEvent

TRestDetectorSignalEvent

TRestRawSignalEvent

TRestGeant4Event

TRestEventProcessRunner

Command:
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Summary
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• restG4 packages interfaces with Geant4 library so the user does not need 
to write a single line of C++ code to launch the simulation.

• The simulation output events can be processed to finally obtain 
experimental-like events.

• REST files where all metadata (simulation parameters, geometry, 
processes, etc.) is saved to ensure traceability and reproducibility of the 
physics results.



Where to find REST-for-Physics ?
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• Github repository: https://github.com/rest-for-physics

• Downloading & installation guide

• https://rest-for-physics.github.io/downloading.html

• https://rest-for-physics.github.io/installation

• Doxygen documentation: https://rest-for-physics.github.io/framework/

• REST-school 2023: 

• https://indico.capa.unizar.es/event/26/   includes installation on Windows from scratch (via WSL)

• https://github.com/rest-for-physics/rest-school/

https://github.com/rest-for-physics
https://rest-for-physics.github.io/downloading.html
https://rest-for-physics.github.io/installation
https://rest-for-physics.github.io/framework/
https://indico.capa.unizar.es/event/26/
https://github.com/rest-for-physics/rest-school/


Questions ?
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