
Geant4 Tutorial

SciNeGHE – Trieste 2010

An hands-on course based on Geant4 with emphasis on high 
energy astroparticle physics. 

Lectures will cover all aspects of Geant4 from basic 
installation through advanced topics and will be interspersed 
with examples that build a progressively more complex 
application.

Th   h ld b  f i t t b th t  l t  i  The course should be of interest both to complete novices 
and to those who already have some basic familiarity with 
Geant4. Participants are expected to have a reasonable 
knowledge of C++.

Based on Lectures by the G4 collaboration
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What is G4 ? What is G4 ? 
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Geant4 as a toolkitGeant4 as a toolkit

Geant4 Kernel and basics of the toolkitGeant4 Kernel and basics of the toolkitGeant4 Kernel and basics of the toolkitGeant4 Kernel and basics of the toolkit
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Particle and Physics processesParticle and Physics processesParticle and Physics processesParticle and Physics processes
User classesUser classes
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MaterialsMaterials
Volumes Volumes 

Geant4 physicsGeant4 physics
Particle GenerationParticle Generation
Simple ExamplesSimple Examples
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General introduction General introduction Ge e a t oduct oGe e a t oduct o
and brief historyand brief history
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What is Geant4?What is Geant4?

Geant4 is the successor of GEANT3, the worldGeant4 is the successor of GEANT3, the world--standard toolkit for HEP standard toolkit for HEP 

detector simulation.detector simulation.

Geant4 is one of the first successful attempt to reGeant4 is one of the first successful attempt to re--design a major package design a major package 

of HEP software for the next generation of experiments using an Objectof HEP software for the next generation of experiments using an Object--

Oriented environment. Oriented environment. 

A variety of requirements have also taken into account from heavy ion A variety of requirements have also taken into account from heavy ion 

physics, CP violation physics, cosmic ray physics, astrophysics, space physics, CP violation physics, cosmic ray physics, astrophysics, space 

science and medical applications. science and medical applications. 

In order to meet such requirements, a large degree of functionality and In order to meet such requirements, a large degree of functionality and q , g g yq , g g y

flexibility are provided.flexibility are provided.

G4 is not only for HEP but goes well beyond thatG4 is not only for HEP but goes well beyond that
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Geant4 Geant4 –– Its historyIts history
Dec Dec ’’94 94 -- Project startProject start

Apr Apr ’’97 97 -- First alpha release First alpha release 

Jul Jul ’’98 98 -- First beta release First beta release 

Dec Dec ’’98 98 -- First Geant4 public releaseFirst Geant4 public release

……

June 2007 June 2007 -- Geant4 version 9.0 releaseGeant4 version 9.0 release

December 2007 December 2007 –– Geant4 version 9.1 releaseGeant4 version 9.1 release

June 2008 June 2008 –– Geant4 9.2 beta: open previewing of developments in 9.2Geant4 9.2 beta: open previewing of developments in 9.2

December 2008 December 2008 –– Geant4 version 9.2 release Geant4 version 9.2 release 

September 2010 G4 v9.4b01September 2010 G4 v9.4b01 Current BETA version

We currently provide two public releases every year.We currently provide two public releases every year.

Bimonthly beta releases are available to the registered betaBimonthly beta releases are available to the registered beta--testers.testers.
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Geant4 CollaborationGeant4 Collaboration

TRIUMFTRIUMF

Lebedev

Collaborators also from non-
member institutions, including

Budker Inst. of Physics
IHEP ProtvinoJ W Goethe
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IHEP Protvino
MEPHI Moscow

Pittsburg University
Cordoba (Argentina)

J.W.Goethe
Universität
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http://top25.sciencedirect.com/index.php?subject_area_id=21
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Flexibility of Geant4Flexibility of Geant4
In order to meet wide variety of requirements from various application fields, a In order to meet wide variety of requirements from various application fields, a 

large degree of functionality and flexibility are provided. large degree of functionality and flexibility are provided. g g y y pg g y y p

Geant4 has many types of geometrical descriptions to describe most Geant4 has many types of geometrical descriptions to describe most 

complicated and realistic geometriescomplicated and realistic geometriescomplicated and realistic geometries complicated and realistic geometries 

CSG, BREP and Boolean solidsCSG, BREP and Boolean solids

Placement, replica, divided, parameterized, reflected and groupedPlacement, replica, divided, parameterized, reflected and grouped

XML interfaceXML interface

Everything is open to the user Everything is open to the user 

Choice of physics processes/modelsChoice of physics processes/models

Choice of GUI/Visualization/persistency/histogramming technologiesChoice of GUI/Visualization/persistency/histogramming technologies
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Physics in Geant4Physics in Geant4
It i th li ti t d l if h i d l t id i t fIt i th li ti t d l if h i d l t id i t fIt is rather unrealistic to develop a uniform physics model to cover wide variety of It is rather unrealistic to develop a uniform physics model to cover wide variety of 
particles and/or wide energy range.particles and/or wide energy range.

Much wider coverage of physics comes from mixture of theoryMuch wider coverage of physics comes from mixture of theory--driven, driven, g p y yg p y y ,,
parameterized, and empirical formulae. Thanks to polymorphism mechanism, parameterized, and empirical formulae. Thanks to polymorphism mechanism, 
both crossboth cross--sections and models (final state generation) can be combined in sections and models (final state generation) can be combined in 
arbitrary manners into one particular processarbitrary manners into one particular processarbitrary manners into one particular process.arbitrary manners into one particular process.

Geant4 offersGeant4 offers
EM processesEM processespp

Hadronic processesHadronic processes

Photon/leptonPhoton/lepton--hadron processeshadron processes

Optical photon processesOptical photon processes

Decay processesDecay processes

Shower parameterizationShower parameterizationpp

Event biasing techniques Event biasing techniques 

And you can plugAnd you can plug--in more  in more  
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Physics in Geant4Physics in Geant4
Each crossEach cross--section table or physics model (final state generation) has its own section table or physics model (final state generation) has its own 

applicable energy range Combining more than one tables / models one physicsapplicable energy range Combining more than one tables / models one physicsapplicable energy range. Combining more than one tables / models, one physics applicable energy range. Combining more than one tables / models, one physics 

process can have enough coverage of energy range for wide variety of process can have enough coverage of energy range for wide variety of 

simulation applications.simulation applications.

Geant4 provides sets of alternative physics models so that the user can freely Geant4 provides sets of alternative physics models so that the user can freely p p y yp p y y

choose appropriate models according to the type of his/her application.choose appropriate models according to the type of his/her application.

In other words, it is the userIn other words, it is the user’’s responsibility to choose reasonable set of physics s responsibility to choose reasonable set of physics 

processes/models that fits to his/her needs.processes/models that fits to his/her needs.

For example, some models are more accurate than others at a sacrifice of speed. For example, some models are more accurate than others at a sacrifice of speed. 
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Highlights ofHighlights ofg g ts og g ts o
Users ApplicationsUsers Applications

To provide you some ideas how Geant4 would be utilized…
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XX--ray Multiray Multi--Mirror mission (XMM)Mirror mission (XMM)
Launch December 1999Launch December 1999•• Launch December 1999Launch December 1999

•• Perigee 7000 kmPerigee 7000 km
•• apogee 114000 kmapogee 114000 km

XX--ray detectorsray detectors
(CCDs)(CCDs)

p gp g
•• Flight through the Flight through the 

radiation belts radiation belts 
(CCDs)(CCDs)

Telescope tubeTelescope tube

•• Chandra XChandra X--ray observatory, with ray observatory, with 
similar orbit, experienced similar orbit, experienced 
unexpected degradation of CCDs unexpected degradation of CCDs 

MirrorsMirrors

p gp g
•• Possible effects on XMM?Possible effects on XMM?
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Smart-2 INTEGRAL

ACE

Cassini

LISA

Bepi Colombo SWIFT

Herschel
GLAST

Astro-E2

JWSTGAIA
XMM-Newton

EUSO
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H t ?H t ?How to? How to? 
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Installation of Geant4Installation of Geant4

Follow instruction on G4 web site: Follow instruction on G4 web site: 
http://www cern ch/geant4http://www cern ch/geant4http://www.cern.ch/geant4http://www.cern.ch/geant4
Download the code: Download the code: 
http://geant4.web.cern.ch/geant4/support/download.shtmlhttp://geant4.web.cern.ch/geant4/support/download.shtmlhttp://geant4.web.cern.ch/geant4/support/download.shtmlhttp://geant4.web.cern.ch/geant4/support/download.shtml
Download data tables Download data tables 
System requirementsSystem requirementsSystem requirements System requirements 
CLHEP issueCLHEP issue
Visualization and Analysis toolsVisualization and Analysis toolsVisualization and Analysis toolsVisualization and Analysis tools
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G4 download pageG4 download page
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CLHEPCLHEP
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Visualization, Analysis, Geometry …Visualization, Analysis, Geometry …

Geant4 is a toolkitGeant4 is a toolkit
Many interfaces have been developedMany interfaces have been developedMany interfaces have been developedMany interfaces have been developed

Analysis (ROOT, Analysis (ROOT, jAIDAjAIDA, , OpenScientistOpenScientist))
Visualization (OpenGL, VRML, Dawn/Visualization (OpenGL, VRML, Dawn/epseps …)…)Visualization (OpenGL, VRML, Dawn/Visualization (OpenGL, VRML, Dawn/epseps …)…)
Geometry (XML description, CAD interfaces…)Geometry (XML description, CAD interfaces…)

The basics you need is: The basics you need is: yy
g++g++
CLHEPCLHEP
A visualization driver A visualization driver 

All you need is setup in Configure script All you need is setup in Configure script 
M h iM h iMuch easier now … Much easier now … 
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G4 d t ti b iG4 d t ti b iG4 documentation basicsG4 documentation basics
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G4 home pageG4 home page

http://geant4.web.cern.ch/geant4/http://geant4.web.cern.ch/geant4/
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G4 Application DeveloperG4 Application Developer
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G4 Physics manualG4 Physics manual
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Geant4 Software ManualGeant4 Software Manual
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Geant4 Software ManualGeant4 Software Manual
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User ForumUser Forum
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G t4 Si l E lG t4 Si l E lGeant4 Simple ExamplesGeant4 Simple Examples
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NoviceNovice ExampleExample N01N01NoviceNovice ExampleExample N01N01

�� Fixed geometry: Fixed geometry: ArAr gasgas mothermother volumevolume withwith
AlAl cylindercylinder andand PbPb block with Al slices block with Al slices 

�� IncidentIncident particleparticle isis aa geantinogeantino –– no physics no physics 
interactions interactions 

�� No magnetic field and only the transportation No magnetic field and only the transportation 
process is enabled process is enabled 

�� Hard coded batch job and verbosity Hard coded batch job and verbosity 



NoviceNovice ExampleExample N02N02NoviceNovice ExampleExample N02N02
�� PbPb targettarget XeXe gasgas chamberschambers�� PbPb targettarget, , XeXe gasgas chambers chambers 

(parameterized volumes)(parameterized volumes)
�� AllAll EMEM processes + decay processes + decay 

included forincluded for γγ charged leptonscharged leptonsincluded for included for γγ, charged leptons , charged leptons 
and charged hadronsand charged hadrons

Detector responseDetector response�� Detector responseDetector response
●● TrajectoriesTrajectories andand chamberchamber hithit

collectionscollections maymay bebe storedstored

�� Visualization of detector and Visualization of detector and 
eventevent

�� Command interface introducedCommand interface introduced�� Command interface introducedCommand interface introduced
●● Can change target, chamber Can change target, chamber 

materials, magnetic field, materials, magnetic field, 
incident particle type, incident particle type, 
momentum, etc. at run timemomentum, etc. at run time



NoviceNovice ExampleExample N03N03NoviceNovice ExampleExample N03N03
�� Sampling calorimeter with Sampling calorimeter with p gp g

layers of layers of PbPb absorber and absorber and 
liquid liquid ArAr detection gaps detection gaps 
(replicas)(replicas)

�� Exhaustive material definitionsExhaustive material definitions
�� Command interfaceCommand interface
�� Randomization of incidentRandomization of incident�� Randomization of incident Randomization of incident 

beambeam

All EM processes + decay withAll EM processes + decay with�� All EM processes + decay, with All EM processes + decay, with 
separate production cuts for separate production cuts for γγ, , 
e+, ee+, e-- (use for shower studies)(use for shower studies)
Detector response: E depositDetector response: E deposit�� Detector response: E deposit, Detector response: E deposit, 
track length in absorber and track length in absorber and 
gapgap
Visualization tutorialVisualization tutorial�� Visualization tutorialVisualization tutorial

�� Random number seed handlingRandom number seed handling



NoviceNovice ExampleExample N04N04NoviceNovice ExampleExample N04N04
�� SimplifiedSimplified collidercollider detectordetector�� SimplifiedSimplified collidercollider detectordetector

●● all kinds of volume all kinds of volume 
definitionsdefinitions

Magnetic fieldMagnetic field�� Magnetic fieldMagnetic field
�� PYTHIAPYTHIA primaryprimary eventevent

generatorgenerator
●● Higgs decay by Z0, Higgs decay by Z0, 

lepton pairslepton pairs
�� FullFull setset ofof EMEM ++ hadronichadronic

processesprocesses
●● Should use updated Should use updated 

hadronichadronic physics listsphysics listshadronichadronic physics listsphysics lists
�� EventEvent filteringfiltering byby usingusing

stackingstacking mechanismmechanism



NoviceNovice ExampleExample N05N05NoviceNovice ExampleExample N05N05

�� Fast simulation with parameterized showersFast simulation with parameterized showers
●● EMEM showers (derived from G4VFastSimulationModel)showers (derived from G4VFastSimulationModel)( )( )
●● PionPion showersshowers (for(for illustrationillustration onlyonly –– notnot used)used)

�� EMEM physics onlyphysics only�� EMEM physics onlyphysics only
●● UseUse ofof G4FastSimulationManagerProcessG4FastSimulationManagerProcess

�� SimplifiedSimplified collidercollider detectordetector geometrygeometry�� SimplifiedSimplified collidercollider detectordetector geometrygeometry
●● DriftDrift chamberchamber

EMEM hadronichadronic calorimetercalorimeter●● EM,EM, hadronichadronic calorimetercalorimeter
●● GhostGhost volumevolume



NoviceNovice ExampleExample N06N06NoviceNovice ExampleExample N06N06
W tW t C kC k d t td t t�� WaterWater CerenkovCerenkov detectordetector
withwith airair “bubble”“bubble”

�� MaterialsMaterials�� MaterialsMaterials
●● Specification of optical Specification of optical 

propertiesproperties
●● Specification of Specification of 

scintillation spectrascintillation spectra
�� PhysicsPhysics�� PhysicsPhysics

●● Optical processesOptical processes
●● Generation of  Cerenkov Generation of  Cerenkov 

radiation, energy loss radiation, energy loss 
collected to produce collected to produce 
scintillationscintillation



NoviceNovice ExampleExample N07N07NoviceNovice ExampleExample N07N07
33 i lifi di lifi d d i hd i h�� 33 simplifiedsimplified sandwichsandwich
calorimeterscalorimeters ((PbPb,, Al,Al, ArAr))

�� RunRun basedbased (as(as opposedopposed toto�� RunRun--basedbased (as(as opposedopposed toto
eventevent--based)based) hithit accumulationaccumulation

�� ChangingChanging geometriesgeometries withoutwithout
rere--buildingbuilding worldworld

�� SettingSetting differentdifferent secondarysecondary
productionproduction cutscuts forfor eacheach

l il i ii G4R iG4R icalorimetercalorimeter usingusing G4RegionG4Region



F i LAT E lF i LAT E lFermi LAT ExampleFermi LAT Example
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The need of SimulationThe need of Simulation
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Photon InteractionsPhoton Interactions
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The Large Area Telescope (LAT)The Large Area Telescope (LAT)

Tracker

•Array of 16 identical 
“Tower” Modules, each 
with a tracker (Si 
strips) and a 
calorimeter (CsI with 
PIN diode readout) and 
DAQ d lDAQ module.

•Surrounded by finely 
segmented ACD 

Grid

g
(plastic scintillator 
with PMT readout).

•Aluminum strong back 

DAQ 

Grid
ACD Thermal 

Blanket
•Aluminum strong-back 
“Grid,” with heat pipes 
for transport of heat 
to the instrument 
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DAQ 
Electronics Calorimeter

to the instrument 
sides.



Fermi LAT Detector Fermi LAT Detector ProjectProject

γ

jj

Effective area and PSF 
i t d i th

Background rejection requirements 
drive the ACD design (and influenceγ

requirements drive the 
converter thicknesses and 
layout.  PSF requirements 
also drive the sensor 

f l

drive the ACD design (and influence 
the calorimeter and tracker layouts).

performance, layer 
spacings, and drive the 
design of the mechanical 
supports.

Field of view sets the 
aspect ratio (height/width)

e+ e–Energy range and energy 
resolution requirements 
bound the thickness of Ti id d b l t iElectronicsbound the thickness of 
calorimeter

Time accuracy provided by electronics 
and intrinsic resolution of the sensors.

Electronics

On-board transient detection requirements, 
and on-board background rejection to meet 
telemetry requirements, are relevant to the 
electronics, processing, flight software, and 
trigger design.

Instrument life has an impact on detector technology 
choices.
Derived requirements (source location 
determination and point source sensitivity) are a

44

determination and point source sensitivity) are a 
result of the overall system performance.



Detector ProjectDetector Project

The LAT design is based on detailed 
Detailed detector 
model includes 

Monte Carlo simulations.

Integral part of the project from the 

gaps, support 
material, thermal 
blanket, simple 
spacecraft noisestart.

• Background rejection
• Calculate effective area and 

spacecraft, noise, 
sensor responses…

resolutions (computer models now 
verified by beam tests).  Current 
reconstruction algorithms are 

i f f h

Instrument naturally distinguishes gammas from 
backgrounds, but details matter.

existence proofs -- many further 
improvements under development.
• Trigger design.

O ll d i ti i ti proton

gamma ray

g ,

• Overall design optimization.

Simulations and analyses are all C++, 
b d t d d HEP k

proton
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based on standard HEP packages.



Detector ProjectDetector Project

X Projected Angle
3-cm spacing, 4% foils, 100-200 MeV

Experimental setup for 
tagged photons:

Data

Monte 
Carlo
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)

68% Containment
95% Containment

(errors are 2σ)
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Flow of Simulation/ReconstructionFlow of Simulation/Reconstruction

Source
Fluxes

Particle

Source
Fluxes

Particle

Instrument
data

Transport

“Raw”
Data

Transport

“Raw”
Data

ReconRecon 3-GeV
gamma recon

Calibrations

Geometry
Background

Rejection
-

Geometry
Background

Rejection
-

gamma recon

-
Particle ID

-
Particle ID

CAL D t il

Full geometry in xml 
with C++ interface
Geant4 discovers 
instrument from the

47

CAL Detailinstrument from the 
xml



The role of simulationThe role of simulation

Th f G t4Th f G t4
Simulation plays a fundamental role in 

The scope of Geant4 The scope of Geant4 
encompasses the encompasses the simulation of simulation of 
the passage of particles the passage of particles 

p y
various domains and phases of an 
experimental physics project

design design of the experimental setof the experimental set--upup
evaluation and definition of the evaluation and definition of the 
potential potential physics outputphysics output of the of the 

p g pp g p
through matterthrough matter

there are other kinds ofthere are other kinds ofprojectproject
evaluation of potentialevaluation of potential risksrisks to the to the 
projectproject

there are other kinds of there are other kinds of 
simulation components, such simulation components, such 
as physics event generators, as physics event generators, 
detector/electronics responsedetector/electronics responseassessment of the assessment of the performanceperformance of of 

the experimentthe experiment
development, test and optimisation development, test and optimisation 
ofof reconstructionreconstruction and physicsand physics

detector/electronics response detector/electronics response 
generators, etc.generators, etc.
often the simulation of a often the simulation of a 
complex experiment consistscomplex experiment consistsof of reconstructionreconstruction and physics and physics 

analysis softwareanalysis software
contribution to the calculation and contribution to the calculation and 
validation ofvalidation of physics resultsphysics results

complex experiment consists complex experiment consists 
of several of these of several of these 
components interfaced to components interfaced to 
one anotherone another
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validation of validation of physics results physics results one another one another 



What is required What is required 

ModeModellinging the experimental setthe experimental set--up up 
Tracking particles through matterTracking particles through matterTracking particles through matterTracking particles through matter
Interaction of particles with matterInteraction of particles with matter
ModelingModeling the detector responsethe detector response
Run and event controlRun and event controlRun and event controlRun and event control
Accessory utilitiesAccessory utilities (random number generators, PDG particle (random number generators, PDG particle 
information, physical constants, system of units etc.)information, physical constants, system of units etc.), p y , y ), p y , y )

User interfaceUser interface
Interface to event generators Interface to event generators 

Visualisation Visualisation (of the set(of the set--up, tracks, hits etc.)up, tracks, hits etc.)
PersistencyPersistency

A l iA l i
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AnalysisAnalysis



Simulation and validationSimulation and validation

Accurate detector modelAccurate detector model
>45k volumes>45k volumes

MC validation MC validation 
ground test with CR muonsground test with CR muons

Physical interactions modeled with Physical interactions modeled with 
Geant4Geant4

beam testbeam test
100M evts of 100M evts of γγ, e, p, e+, , e, p, e+, 
C, Xe between 50MeV C, Xe between 50MeV 
and 300GeV colleted at and 300GeV colleted at 
CERN and GSI in 2006CERN and GSI in 2006

π 
sneaking 

dump
γ



Geometry RepositoryGeometry Repository

A complex instrument: A complex instrument: Fermi Fermi 
geometry is formed by moregeometry is formed by moregeometry  is formed by more geometry  is formed by more 
than 40000 different kind of than 40000 different kind of 
volumes. volumes. 

A typical problem in HEP A typical problem in HEP 
((experiments (and experiments (and Fermi Fermi is is 

not so big)not so big)
The geometry database in The geometry database in Fermi Fermi 
is in XML, a quite commonis in XML, a quite commonis in XML, a quite common is in XML, a quite common 
choice (choice (LHCbLHCb, Atlas and more) , Atlas and more) 
todaytoday
detModeldetModel is a set of C++ classes is a set of C++ classes 
to parse and represent into parse and represent into parse and represent in to parse and represent in 
memory such XML descriptionmemory such XML description
Used by various clients Used by various clients 
(reconstruction algorithms, (reconstruction algorithms, ( g( g
MonteCarloMonteCarlo simulation, graphics simulation, graphics 
etc. etc)etc. etc)



LAT GeometryLAT Geometry
Simulation and ReconstructionSimulation and Reconstruction



LAT GeometryLAT Geometry
Simulation and ReconstructionSimulation and Reconstruction



Overview of Geant4 SimulationOverview of Geant4 Simulation

Geant4 determines the evolution of the Geant4 determines the evolution of the 
eventevent

Incident GammaIncident GammaIncident Gamma

G4 given “source” which is propagated G4 given “source” which is propagated 
through the LATthrough the LAT
G4 output to TDS:G4 output to TDS:

M P ti lM P ti l ti l d d d iti l d d d i

Conversion PointConversion PointConversion Point

McParticlesMcParticles –– particles produced during particles produced during 
trackinigtrackinig
McPositionHitsMcPositionHits –– positions and energy positions and energy 
deposited in Silicon and ACDdeposited in Silicon and ACD
M I t ti HitM I t ti Hit d it dd it d

Propagation of  primary
e+ and e- through LAT

Propagation of  primary
e+ and e- through LAT
Production and Tracking

of  Secondaries

McIntegratingHitsMcIntegratingHits –– energy deposited energy deposited 
in “subin “sub--cubes” of cubes” of CsICsI crystalscrystals
Passed on to Digitization stagePassed on to Digitization stage

McPositionHitsMcPositionHits 

We use We use G4 G4 v8.0.p01v8.0.p01
“Vanilla” G4 for everything…“Vanilla” G4 for everything…
However, we continue to experience However, we continue to experience 
“problems” with the multiple scattering“problems” with the multiple scattering

McPositionHits 
in Active Silicon

of  Tracker

in Active Silicon
of  Tracker

“problems” with the multiple scattering“problems” with the multiple scattering
Native G4 v6.2.2 Multiple Native G4 v6.2.2 Multiple 
Scattering “too small” Scattering “too small” 
Continue to use formalism circaContinue to use formalism circa

McIntegratngHits
produced in the

Calorimeter CrystalsContinue to use formalism circa Continue to use formalism circa 
G4 v3G4 v3

Calorimeter Crystals



Event ReconstructionEvent Reconstruction

Sequence of operations, each implemented by one or Sequence of operations, each implemented by one or 
more Algorithms using TDS for communicationmore Algorithms using TDS for communicationmore Algorithms, using TDS for communicationmore Algorithms, using TDS for communication

Trigger analysis: is there a valid trigger?Trigger analysis: is there a valid trigger?
Preliminary CAL to find seed for trackerPreliminary CAL to find seed for tracker
Tracker recon: pattern recognition and fitting to findTracker recon: pattern recognition and fitting to findTracker recon: pattern recognition and fitting to find Tracker recon: pattern recognition and fitting to find 
tracks and then photons in the tracker  (uses Kalman tracks and then photons in the tracker  (uses Kalman 
filter)filter)
Full CAL recon: finds clusters to estimate energies Full CAL recon: finds clusters to estimate energies u C eco ds c uste s to est ate e e g esu C eco ds c uste s to est ate e e g es
and directionsand directions

Must deal with significant energy leakage since Must deal with significant energy leakage since 
only 8.5 Xonly 8.5 X00 thick thick 

ACD recon: associate tracks with hit tiles to allow ACD recon: associate tracks with hit tiles to allow 
rejection of events in which a tile fired in the vicinity of rejection of events in which a tile fired in the vicinity of 
a track extrapolationa track extrapolation
B k d j ti i t f ttB k d j ti i t f ttBackground rejection: consistency of patterns:Background rejection: consistency of patterns:

Hits in trackerHits in tracker
Shower in CAL: alignment with track, Shower in CAL: alignment with track, 

i t ith EM hi t ith EM h

An easy rejection

consistency with EM shower consistency with EM shower 



A i l lA i l lA simple exampleA simple example
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Geant4 examplesGeant4 examples

A number of readyA number of ready--toto--use examples are available in use examples are available in 
Geant4Geant4

Located in Located in $G4INSTALL/examples$G4INSTALL/examples

Three categoriesThree categories
NoviceNovice : basic functionalities of Geant4: basic functionalities of Geant4
ExtendedExtended : specific functionalities (specific Physics processes, : specific functionalities (specific Physics processes, 
biasing, magnetic fields…)biasing, magnetic fields…)g, g )g, g )
Advanced Advanced : full simulation of realistic use cases (medical : full simulation of realistic use cases (medical 
physics, space, calorimetry…)physics, space, calorimetry…)



Running without macrosRunning without macros
Once Once compiledcompiled and and linkedlinked, , youyou cancan runrun the the executableexecutable
usingusing simplysimply ::

$G4WORKDIR/$G4WORKDIR/bibi /Li/Li ++/++/ l N03l N03$G4WORKDIR/$G4WORKDIR/binbin/Linux/Linux--g++/g++/exampleN03exampleN03
You You getget the the followingfollowing screenscreen outputoutput

*************************************************************
Geant4 version Name: geant4-09-01-patch-01    (25-January-2008)

Copyright : Geant4 Collaboration
Reference : NIM A 506 (2003), 250-303

WWW : http://cern.ch/geant4WWW : http://cern.ch/geant4
*************************************************************

***** Table : Nb of materials = 13 ***** Table : Nb of materials  13 
[...]
------------------------------------------------------------
---> The calorimeter is 10 layers of: [ 10mm of Lead + 5mm of liquidArgon ]
------------------------------------------------------------

[...]
You have successfully registered the following graphics systems.
Current available graphics systems are:

( )

58

ASCIITree (ATree)
[...]
Idle>



Running Running withoutwithout macrosmacros
What happened ?What happened ?

1.1. the the runrun is is initializedinitialized
1.1. definition of materials, definition of materials, 
2.2. build of geometrybuild of geometryg yg y
3.3. set physics processesset physics processes
4.4. set production cutsset production cuts
5.5. ......5.5. ......

2.2. a macro file a macro file vis.macvis.mac is is automatically readautomatically read to register the to register the 
visualization drivers (default OGLIX) and thevisualization drivers (default OGLIX) and the setset--up is shownup is shown on aon avisualization drivers (default OGLIX) and the visualization drivers (default OGLIX) and the setset up is shownup is shown on a on a 
graphic window (OpenGL)graphic window (OpenGL)

3.3. you get the you get the Idle>Idle> prompt prompt where you can enter where you can enter commands commands y gy g p pp p yy
interactively interactively 

e.g. change geometry, decide which particle to shoot, which e.g. change geometry, decide which particle to shoot, which 
energy, execute another macro, shoot a particle, ..energy, execute another macro, shoot a particle, ..



The default geometryThe default geometry

What you get with 
the VRMLFILE 

visualization driver

10 layers : 10 mm Lead + 5 mm Liquid Argon

no magnetic field



Running without macrosRunning without macros

Let’s try to shoot a particle:y p

Idle> /run/beamOn 1

By default, a 50 MeV e- is shot impinging perpendicularly on By default, a 50 MeV e is shot impinging perpendicularly on 
the calorimeter

phot: Total cross sections from Sandia parametrisation. 

li di h l i d l
Initialization 

Sampling according PhotoElectric model 

[...]

========= Table of registered couples ========================

of physics 
tables

========= Table of registered couples ======================== 
Index : 1 used in the geometry : Yes recalculation needed : No 
Material : Lead 

cuts : gamma 1 mm e- 1 mm e+ 1 mm Calculation 
Energy thresholds : gamma 100.511 keV e- 1.37814 MeV e+ 1.28002 MeV 

Region(s) which use this couple : 
DefaultRegionForTheWorld 

of energy 
cuts



Running without macrosRunning without macros

----------------------------------------
---> End of event: 0

Absorber: total energy: 44.555829 MeV total track length: 2.9979304 cm
Gap: total energy: 809.13499 keV total track length: 3.6520688 mm

Run terminated.
Run Summary

Number of events processed : 1
User=0.01s Real=0.35s Sys=0.09s

--------------------End of Run------------------------------

Event 
summary

End of Run

mean Energy in Absorber : 44.555829 MeV +- 0.12511652 eV
mean Energy in Gap      : 809.13499 keV +- 0.005999626 eV

mean trackLength in Absorber : 2 9979304 cm + 2 0295141 Ang

Run 
summarymean trackLength in Absorber : 2.9979304 cm  +- 2.0295141 Ang

mean trackLength in Gap      : 3.6520688 mm  +- 0 fm
------------------------------------------------------------

summary



Running without macrosRunning without macros

You also get a visualization of the event you You also get a visualization of the event you 
have just shot (50 MeV e-)

gamma-rays Default color code: g y
red = negative 

charge

blue = positive 
charge

green = neutral

primary 
e-

green = neutral

What you get with the 
DAWNFILE i li ti  e DAWNFILE visualization 

driver



Running Running withwith macrosmacros

h f ll h bl

$G4WORKDIR/bi /Li / l N03 1

The argument following the executable name is 
taken as a macro name, e.g. run1.mac

Geant4 macros are ASCII files containing a sequence 
of Geant4 commands:

$G4WORKDIR/bin/Linux-g++/exampleN03 run1.mac

of Geant4 commands:
#
/run/verbose 2
/event/verbose 0/event/verbose 0
/tracking/verbose 1
#
/gun/particle mu+/gun/particle mu+
/gun/energy 300 MeV
/run/beamOn 3

Shoot 3 μ+ of energy 300 MeV



Running Running withwith macrosmacros

---> End of event: 2
Absorber: total energy: 125.1375 MeV total track length: 10.637355 cm

Gap: total energy: 9.5302526 MeV total track length: 5.3417345 cm
Run terminated.
Run Summary

Number of events processed : 3 Summary of Number of events processed : 3
User=0.01s Real=3.78s Sys=0.06s

--------------------End of Run------------------------------

Summary of 
event #2 (the 

3rd one!)
mean Energy in Absorber : 133.48424 MeV +- 7.4232944 MeV
mean Energy in Gap      : 9.8882883 MeV +- 274.14222 keV

mean trackLength in Absorber : 10.969526 cm  +- 4.7680992 mm
mean trackLength in Gap      : 5.3210426 cm  +- 640.82289 um

3 one!)

g p
------------------------------------------------------------

Summary of 
h  f ll the full run



Running with macrosRunning with macros

Screenshot of the 3 eventsScreenshot of the 3 events

primary μ+

gamma-rays

delta-ray

What you get with the 
DAWNFILE visualization 

driver



Running with macrosRunning with macros

$G4WORKDIR/bin/Linux-g++/exampleN03 run1.mac

Note that 

g p

is equivalent to

$G4WORKDIR/bin/Linux-g++/exampleN03

[ ][...]

Idle> /control/execute run1.mac

command to run an external macro

(but in the second case you will get the Idle> prompt back)(but in the second case you will get the Idle> prompt back)



Change geometry onChange geometry on--thethe--fly fly 

$G4WORKDIR/bin/Linux-g++/exampleN03

Idle> /control/execute newgeom.mac

Idle> /control/execute run1.mac

/N03/det/setNbOfLayers 1
/N03/det/setAbsMat Water

1) First macro changes geometry: 

only one layer of absorber (40 cm of water)
/N03/det/setAbsThick 40 cm
/N03/det/setGapMat Air
/N03/det/setGapThick 0 cm

only one layer of  absorber (40 cm of  water), 
no gap (thickness = 0 cm) practically a 
solid block of  water

Ch di i 3 T /N03/det/setSizeYZ 40 cm
/N03/det/setField 3 tesla
/N03/det/update

Change transverse dimensions, set a 3 T 
magnetic field

2) Second macro shoots the 3 300-MeV μ+, as before



Change geometry onChange geometry on--thethe--flyfly

Geometry  
y

primary μ+
B B

Geometry, 
materials, 

magnetic field g
and primary

particles can be 
t d b  ASCII 

x
tuned by ASCII 
macros, without 
recompiling the recompiling the 

code !

What you get with the 
DAWNFILE visualization 

driver



U lU lUser classesUser classes
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To use Geant4, you have toTo use Geant4, you have to……

Geant4 is a toolkit. You have to build an application.Geant4 is a toolkit. You have to build an application.
To make an application, you have toTo make an application, you have topp , ypp , y

Define your geometrical setupDefine your geometrical setup
Material, volumeMaterial, volume

Define physics to get involvedDefine physics to get involvedDefine physics to get involvedDefine physics to get involved
Particles, physics processes/models Particles, physics processes/models 
Production thresholdsProduction thresholds

Define how an event startsDefine how an event startsDefine how an event startsDefine how an event starts
Primary track generationPrimary track generation

Extract information useful to youExtract information useful to you

Y l t tY l t tYou may also want toYou may also want to
Visualize geometry, trajectories and physics outputVisualize geometry, trajectories and physics output
Utilize (Graphical) User InterfaceUtilize (Graphical) User Interface
Define your own UI commandsDefine your own UI commands
etc.etc.

September 2010 71Geant4 Tutorial Introduction  F.Longo



User classesUser classes
main()main()main()main()

Geant4 does not provide Geant4 does not provide main().main().
Initialization classesInitialization classes

Use G4RunManager::Use G4RunManager::SetUserInitializationSetUserInitialization() to define() to defineUse G4RunManager::Use G4RunManager::SetUserInitializationSetUserInitialization() to define.() to define.
Invoked at the initializationInvoked at the initialization

G4VUserDetectorConstructionG4VUserDetectorConstruction
G4VUserPhysicsListG4VUserPhysicsListG4VUserPhysicsListG4VUserPhysicsList

Action classesAction classes
Use G4RunManager::Use G4RunManager::SetUserActionSetUserAction() to define.() to define.
Invoked during an event loopInvoked during an event loopInvoked during an event loopInvoked during an event loop

G4VUserPrimaryGeneratorActionG4VUserPrimaryGeneratorAction
G4UserRunActionG4UserRunAction
G4UserEventActionG4UserEventActionG4UserEventActionG4UserEventAction
G4UserStackingActionG4UserStackingAction
G4UserTrackingActionG4UserTrackingAction
G4UserSteppingActionG4UserSteppingAction
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The main programThe main program
Geant4 does not provide the Geant4 does not provide the mainmain().().

In yourIn your main()main() you have toyou have toIn your In your main(),main(), you have toyou have to

Construct G4RunManager (or your derived class)Construct G4RunManager (or your derived class)

Set user mandatory classes toSet user mandatory classes to RunManagerRunManagerSet user mandatory classes to Set user mandatory classes to RunManagerRunManager

G4VUserDetectorConstructionG4VUserDetectorConstruction

G4VUserPhysicsListG4VUserPhysicsList

G4VUserPrimaryGeneratorActionG4VUserPrimaryGeneratorAction

You can define You can define VisManagerVisManager, (G)UI session, optional user action classes, , (G)UI session, optional user action classes, 

and/or your persistency manager in your and/or your persistency manager in your main()main()..
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Describe your detectorDescribe your detectoryy
Derive your own concrete class from Derive your own concrete class from G4VUserDetectorConstructionG4VUserDetectorConstruction

abstract base class.abstract base class.

In the virtual method In the virtual method Construct()Construct(),,

Instantiate all necessary materialsInstantiate all necessary materials

Instantiate volumes of your detector geometryInstantiate volumes of your detector geometry

I t ti t iti d t t l d t th t th diI t ti t iti d t t l d t th t th diInstantiate your sensitive detector classes and set them to the corresponding Instantiate your sensitive detector classes and set them to the corresponding 

logical volumeslogical volumes

Optionally you can defineOptionally you can defineOptionally you can define Optionally you can define 

Regions for any part of your detectorRegions for any part of your detector

Visualization attributes (color, visibility, etc.) of your detector elementsVisualization attributes (color, visibility, etc.) of your detector elements( y ) y( y ) y
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Select physics processesSelect physics processes

Geant4 does not have any default particles or processes.Geant4 does not have any default particles or processes.

Even for the particle transportation you have to define it explicitlyEven for the particle transportation you have to define it explicitlyEven for the particle transportation, you have to define it explicitly.Even for the particle transportation, you have to define it explicitly.

Derive your own concrete class from Derive your own concrete class from G4VUserPhysicsListG4VUserPhysicsList abstract abstract 

base classbase classbase class.base class.

Define all necessary particlesDefine all necessary particles

Define all necessary processes and assign them to proper particlesDefine all necessary processes and assign them to proper particlesy p g p p py p g p p p

Define cutDefine cut--off ranges applied to the world (and each region)off ranges applied to the world (and each region)

Geant4 provides lots of utility classes/methods and examples.Geant4 provides lots of utility classes/methods and examples.

"Educated guess" physics lists for defining "Educated guess" physics lists for defining hadronichadronic processes for various processes for various 

useuse--cases.cases.
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Generate primary eventGenerate primary event
Derive your concrete class from Derive your concrete class from G4VUserPrimaryGeneratorActionG4VUserPrimaryGeneratorAction abstract abstract 

base classbase classbase class.base class.

Pass a G4Event object to one or more primary generator concrete class objects Pass a G4Event object to one or more primary generator concrete class objects 

hi h t i ti d i ti lhi h t i ti d i ti lwhich generate primary vertices and primary particles.which generate primary vertices and primary particles.

Geant4 provides several generators in addition to the Geant4 provides several generators in addition to the 

G4VP i P i l b lG4VP i P i l b lG4VPrimaryParticlegenerator base class.G4VPrimaryParticlegenerator base class.

G4ParticleGunG4ParticleGun

G4HEPE I f G4H MCI fG4HEPE I f G4H MCI fG4HEPEvtInterface, G4HepMCInterfaceG4HEPEvtInterface, G4HepMCInterface

Interface to /Interface to /hepevthepevt/ common block or / common block or HepMCHepMC classclass

G4GeneralParticleSourceG4GeneralParticleSourceG4GeneralParticleSourceG4GeneralParticleSource

Define radioactivityDefine radioactivity
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Optional user action classesOptional user action classes
All user action classes methods of which are invoked during “Beam On” mustAll user action classes methods of which are invoked during “Beam On” mustAll user action classes, methods of which are invoked during Beam On , must All user action classes, methods of which are invoked during Beam On , must 
be constructed in the user’s be constructed in the user’s mainmain() and must be set to the RunManager.() and must be set to the RunManager.
G4UserRunActionG4UserRunAction

G4Run* GenerateRun()G4Run* GenerateRun()
Instantiate userInstantiate user--customized run objectcustomized run object

void BeginOfRunAction(const G4Run*)void BeginOfRunAction(const G4Run*)
Define histogramsDefine histograms

void EndOfRunAction(const G4Run*)void EndOfRunAction(const G4Run*)
Analyze the runAnalyze the run
Store histogramsStore histograms

G4UserEventActionG4UserEventAction
void BeginOfEventAction(const G4Event*)void BeginOfEventAction(const G4Event*)o d eg O e c o (co s G e )o d eg O e c o (co s G e )

Event selectionEvent selection

void EndOfEventAction(const G4Event*)void EndOfEventAction(const G4Event*)
Output event informationOutput event informationOutput event informationOutput event information
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Optional user action classesOptional user action classes
G4UserStackingActionG4UserStackingAction

void PrepareNewEvent()void PrepareNewEvent()

Reset priority controlReset priority control

G4ClassificationOfNewTrack ClassifyNewTrack(const G4Track*)G4ClassificationOfNewTrack ClassifyNewTrack(const G4Track*)

Invoked every time a new track is pushed Invoked every time a new track is pushed 

Classify a new track Classify a new track ---- priority controlpriority control

Urgent Waiting PostponeToNextEvent KillUrgent Waiting PostponeToNextEvent KillUrgent, Waiting, PostponeToNextEvent, KillUrgent, Waiting, PostponeToNextEvent, Kill

void NewStage()void NewStage()

Invoked when the Urgent stack becomes emptyInvoked when the Urgent stack becomes emptyInvoked when the Urgent stack becomes emptyInvoked when the Urgent stack becomes empty

Change the classification criteria Change the classification criteria 

Event filtering (Event abortion)Event filtering (Event abortion)g ( )g ( )
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Optional user action classesOptional user action classesOpt o a use act o c assesOpt o a use act o c asses
G4UserTrackingActionG4UserTrackingAction

void void PreUserTrackingActionPreUserTrackingAction(const G4Track*)(const G4Track*)

Decide trajectory should be stored or notDecide trajectory should be stored or not

Create userCreate user--defined trajectorydefined trajectory

void void PostUserTrackingActionPostUserTrackingAction(const G4Track*)(const G4Track*)

Delete unnecessary trajectoryDelete unnecessary trajectory

G4UserSteppingActionG4UserSteppingAction

void void UserSteppingActionUserSteppingAction(const G4Step*)(const G4Step*)

Kill / suspend / postpone the trackKill / suspend / postpone the track

Draw the step (for a track not to be stored as a trajectory)Draw the step (for a track not to be stored as a trajectory)
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Let me remind youLet me remind you……
D fi t i l d tD fi t i l d tDefine material and geometryDefine material and geometry

G4VUserDetectorConstructionG4VUserDetectorConstruction
Material and Geometry lecturesMaterial and Geometry lecturesyy

Select appropriate particles and processes and define production threshold(s)Select appropriate particles and processes and define production threshold(s)
G4VUserPhysicsListG4VUserPhysicsList

Physics lecturesPhysics lectures

Define the way of primary particle generationDefine the way of primary particle generation
G4VU P i G t A tiG4VU P i G t A tiG4VUserPrimaryGeneratorActionG4VUserPrimaryGeneratorAction

Primary particle lecturePrimary particle lecture

Define the way to extract useful information from Geant4Define the way to extract useful information from Geant4Define the way to extract useful information from Geant4Define the way to extract useful information from Geant4
G4UserSteppingAction, G4UserTrackingAction, etc.G4UserSteppingAction, G4UserTrackingAction, etc.

G4VUserDetectorConstruction, G4UserEventAction, G4Run, G4UserRunActionG4VUserDetectorConstruction, G4UserEventAction, G4Run, G4UserRunAction

G4SensitiveDetector, G4VHit, G4VHitsCollectionG4SensitiveDetector, G4VHit, G4VHitsCollection
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HomeworkHomework

Review G4 web pagesReview G4 web pages
Find Appropriate documentationFind Appropriate documentationFind Appropriate documentation Find Appropriate documentation 
Define your own project Define your own project 

Simple geometrySimple geometrySimple geometrySimple geometry
Particle distributions Particle distributions 
Scoring needs Scoring needs gg
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Lecture 1  Lecture 1  ectu eectu e
Geant4 KernelGeant4 Kernel
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Basic conceptsBasic conceptsas c co ceptsas c co cepts
and kernel structureand kernel structure
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Terminology (jargons)Terminology (jargons)

Run, event, track, step, step pointRun, event, track, step, step point
T kT k t j t tt j t t t j t i tt j t i tTrack Track trajectory, step trajectory, step trajectory pointtrajectory point
ProcessProcess

At rest, along step, post stepAt rest, along step, post step

Cut = production thresholdCut = production threshold
Sensitive detector, hit, hits collectionSensitive detector, hit, hits collection
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Run in Geant4Run in Geant4
As an analogy of the real experiment, a run of Geant4 starts with As an analogy of the real experiment, a run of Geant4 starts with ““Beam OnBeam On””..

Within a run, the user cannot changeWithin a run, the user cannot change
detector setupdetector setup

settings of physics processessettings of physics processes

Conceptually a run is a collection of events which share the same detectorConceptually a run is a collection of events which share the same detectorConceptually, a run is a collection of events which share the same detector Conceptually, a run is a collection of events which share the same detector 
and physics conditions.and physics conditions.

A run consists of one event loop.A run consists of one event loop.

At the beginning of a run, geometry is optimized for navigation and crossAt the beginning of a run, geometry is optimized for navigation and cross--
section tables are calculated according to materials appear in the geometry section tables are calculated according to materials appear in the geometry 
and the cutand the cut--off values defined. off values defined. 

G4RunManagerG4RunManager class manages processing a run, a run is represented by class manages processing a run, a run is represented by 
G4RunG4Run class or a userclass or a user defined class derived from G4Rundefined class derived from G4RunG4RunG4Run class or a userclass or a user--defined class derived from G4Run. defined class derived from G4Run. 

A run class may have a summary results of the run.A run class may have a summary results of the run.

G4UserRunActionG4UserRunAction is the optional user hookis the optional user hook

September 2010 85Geant4 Tutorial Introduction  F.Longo

G4UserRunActionG4UserRunAction is the optional user hook.is the optional user hook.



Event in Geant4Event in Geant4
An event is the basic unit of simulation in Geant4.An event is the basic unit of simulation in Geant4.

At beginning of processing, primary tracks are generated. These primary tracks At beginning of processing, primary tracks are generated. These primary tracks 

are pushed into a stack. are pushed into a stack. 

A track is popped up from the stack one by one and A track is popped up from the stack one by one and ““trackedtracked””. Resulting . Resulting 

secondary tracks are pushed into the stack.secondary tracks are pushed into the stack.

This This ““trackingtracking”” lasts as long as the stack has a track.lasts as long as the stack has a track.

When the stack becomes empty, processing of one event is over.When the stack becomes empty, processing of one event is over.

G4Event G4Event class represents an event. It has following objects at the end of its class represents an event. It has following objects at the end of its 

(successful) processing. (successful) processing. 

List of primary vertices and particles (as input)List of primary vertices and particles (as input)

Hits and Trajectory collections (as output)Hits and Trajectory collections (as output)

G4EventManagerG4EventManager class manages processing an event. class manages processing an event. G4UserEventActionG4UserEventAction is is 
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Track in Geant4Track in Geant4
Track is aTrack is a snapshotsnapshot of a particleof a particleTrack is a Track is a snapshotsnapshot of a particle.of a particle.

It has physical quantities of It has physical quantities of current instancecurrent instance only. It does not record previous only. It does not record previous 
quantities.quantities.

Step is a Step is a ““deltadelta”” information to a track. Track is not a collection of steps. information to a track. Track is not a collection of steps. 
Instead, a track is being updated by steps.Instead, a track is being updated by steps.

Track object is deleted whenTrack object is deleted whenjj
it goes out of the world volume,it goes out of the world volume,

it disappears (by e.g. decay, inelastic scattering),it disappears (by e.g. decay, inelastic scattering),

it goes down to zero kinetic energy and no it goes down to zero kinetic energy and no ““AtRestAtRest”” additional process is additional process is 
required, orrequired, or

the user decides to kill it artificially.the user decides to kill it artificially.

No track object persists at the end of event.No track object persists at the end of event.
For the record of tracks, use trajectory class objects.For the record of tracks, use trajectory class objects.

G4TrackingManagerG4TrackingManager manages processing a track, a track is represented manages processing a track, a track is represented 
by by G4TrackG4Track class.class.

G4UserTrackingActionG4UserTrackingAction is the optional user hookis the optional user hook
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G4UserTrackingActionG4UserTrackingAction is the optional user hook.is the optional user hook.



Step in Geant4Step in Geant4
Step has two points and also Step has two points and also ““deltadelta”” information of a particle (energy loss on information of a particle (energy loss on 
the step, timethe step, time--ofof--flight spent by the step, etc.).flight spent by the step, etc.).

Each point knows the volume (and material) In case a step is limited by aEach point knows the volume (and material) In case a step is limited by aEach point knows the volume (and material). In case a step is limited by a Each point knows the volume (and material). In case a step is limited by a 
volume boundary, the end point physically stands on the boundary, and it volume boundary, the end point physically stands on the boundary, and it 
logically belongs to the next volumelogically belongs to the next volume..

Because one step knows materials of two volumes, boundary processes such as Because one step knows materials of two volumes, boundary processes such as 
transition radiation or refraction could be simulated.transition radiation or refraction could be simulated.

G4SteppingManagerG4SteppingManager class manages processing a step, a step is representedclass manages processing a step, a step is representedG4SteppingManager G4SteppingManager class manages processing a step, a step is represented class manages processing a step, a step is represented 
by by G4StepG4Step class.class.

G4UserSteppingActionG4UserSteppingAction is the optional user hook.is the optional user hook.

Boundary

Post-step point

Step
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Pre-step point
Post step point



Particle in Geant4Particle in Geant4
A particle in Geant4 is represented by three layers of classes.A particle in Geant4 is represented by three layers of classes.

G4TrackG4Track
Position geometrical information etcPosition geometrical information etcPosition, geometrical information, etc.Position, geometrical information, etc.

This is a class representing a particle to be tracked.This is a class representing a particle to be tracked.

G4DynamicParticleG4DynamicParticle
"Dynamic" physical properties of a particle, such as momentum, energy, spin, etc."Dynamic" physical properties of a particle, such as momentum, energy, spin, etc.

Each G4Track object has its own and unique G4DynamicParticle object.Each G4Track object has its own and unique G4DynamicParticle object.

Thi i l ti i di id l ti lThi i l ti i di id l ti lThis is a class representing an individual particle.This is a class representing an individual particle.

G4ParticleDefinitionG4ParticleDefinition
"Static" properties of a particle, such as charge, mass, life time, decay channels, etc."Static" properties of a particle, such as charge, mass, life time, decay channels, etc.p p p , g , , , y ,p p p , g , , , y ,

G4ProcessManager which describes processes involving to the particleG4ProcessManager which describes processes involving to the particle

All G4DynamicParticle objects of same kind of particle share the same All G4DynamicParticle objects of same kind of particle share the same 
G4ParticleDefinitionG4ParticleDefinitionG4ParticleDefinition.G4ParticleDefinition.
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Processes in Geant4Processes in Geant4
In Geant4 particle transportation is a process as well by which a particle interactsIn Geant4 particle transportation is a process as well by which a particle interactsIn Geant4, particle transportation is a process as well, by which a particle interacts In Geant4, particle transportation is a process as well, by which a particle interacts 
with geometrical volume boundaries and field of any kind.with geometrical volume boundaries and field of any kind.

Because of this, shower parameterization process can take over from the ordinary Because of this, shower parameterization process can take over from the ordinary 
transportation without modifying the transportation process.transportation without modifying the transportation process.

Each particle has its own list of applicable processes. At each step, all processes Each particle has its own list of applicable processes. At each step, all processes 
li t d i k d t t d h i l i t ti l thli t d i k d t t d h i l i t ti l thlisted are invoked to get proposed physical interaction lengths.listed are invoked to get proposed physical interaction lengths.

The process which requires the shortest interaction length (in spaceThe process which requires the shortest interaction length (in space--time) limits the time) limits the 
stepstepstep. step. 

Each process has one or combination of the following natures.Each process has one or combination of the following natures.
AtRestAtRestAtRestAtRest

e.g. e.g. muonmuon decay at restdecay at rest

AlongStepAlongStep (a.k.a. continuous process)(a.k.a. continuous process)
e.g. Cerenkov processe.g. Cerenkov process

PostStepPostStep (a.k.a. discrete process)(a.k.a. discrete process)
e.g. decay on the flye.g. decay on the fly
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Extract useful informationExtract useful information
Given geometry, physics and primary track generation, Geant4 does proper Given geometry, physics and primary track generation, Geant4 does proper 
physics simulation physics simulation ““silentlysilently””. . 

You have to add a bit of code to You have to add a bit of code to extract information useful to youextract information useful to you..

There are two ways:There are two ways:
Use user hooks (G4UserTrackingAction G4UserSteppingAction etc )Use user hooks (G4UserTrackingAction G4UserSteppingAction etc )Use user hooks (G4UserTrackingAction, G4UserSteppingAction, etc.)Use user hooks (G4UserTrackingAction, G4UserSteppingAction, etc.)

You have an access to almost all informationYou have an access to almost all information

StraightStraight--forward, but doforward, but do--itit--yourselfyourself

Use Geant4 scoring functionalityUse Geant4 scoring functionality
Assign Assign G4VSensitiveDetectorG4VSensitiveDetector to a volumeto a volume

Hits collectionHits collection is automatically stored in G4Event object and automatically accumulated ifis automatically stored in G4Event object and automatically accumulated ifHits collectionHits collection is automatically stored in G4Event object, and automatically accumulated if is automatically stored in G4Event object, and automatically accumulated if 
useruser--defined Rundefined Run object is used.object is used.

Use user hooks (G4UserEventAction, G4UserRunAction) to get event / run summaryUse user hooks (G4UserEventAction, G4UserRunAction) to get event / run summary

September 2010 91Geant4 Tutorial Introduction  F.Longo



Unit systemUnit system
Internal unit system used in Geant4 is completely hidden not only from userInternal unit system used in Geant4 is completely hidden not only from user’’s s 

code but also from Geant4 source code implementation.code but also from Geant4 source code implementation.

Each hardEach hard--coded number must be multiplied by its proper unit.coded number must be multiplied by its proper unit.

radius = 10.0 radius = 10.0 ** cmcm;;

kineticE = 1.0 kineticE = 1.0 ** GeVGeV;;

To get a number, it must be divided by a proper unit.To get a number, it must be divided by a proper unit.

G4cout << eDep G4cout << eDep / MeV/ MeV << “ [MeV]” << G4endl;<< “ [MeV]” << G4endl;

Most of commonly used units are provided and user can add his/her own units.Most of commonly used units are provided and user can add his/her own units.

By this unit system, source code becomes more readable and importing / By this unit system, source code becomes more readable and importing / 

exporting physical quantities becomes straightforward.exporting physical quantities becomes straightforward.

For particular application, user can change the internal unit to suitable alternative unit For particular application, user can change the internal unit to suitable alternative unit 

without affecting to the result.without affecting to the result.
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Geant4 kernelGeant4 kernel
Geant4 consists of 17 categories.Geant4 consists of 17 categories.

Independently developed and maintained by Independently developed and maintained by 
Geant4

WG(s) responsible to each category.WG(s) responsible to each category.

Interfaces between categories (e.g. top level Interfaces between categories (e.g. top level 

d i ) i t i d b th l b ld i ) i t i d b th l b l

ReadoutVisuali 
zation

Persis 
tency

Run

Inter 
faces

design) are maintained by the global design) are maintained by the global 

architecture WG.architecture WG.

Geant4 KernelGeant4 Kernel

tency

Event
Tracking

Geant4 KernelGeant4 Kernel

Handles run, event, track, step, hit, trajectory.Handles run, event, track, step, hit, trajectory.

Provides frameworks of geometricalProvides frameworks of geometrical

Digits + 
Hits

Processes

Provides frameworks of geometrical Provides frameworks of geometrical 

representation and physics processes.representation and physics processes.
Track

Geometry Particle

Graphic 
_reps

Material

Intercoms
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