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Part 1

IntroductionIntroductionIntroductionIntroduction

ContextContextContextContext
Toolkit structureToolkit structure



GGEANTEANT 4 introduction4 introductionGGEANTEANT 4 introduction               4 introduction               
D t t i l tiD t t i l ti t lt l kitkit f HEPf HEPDetector simulation Detector simulation tooltool--kitkit for HEPfor HEP
–– offering alternatives, allowing for tailoringoffering alternatives, allowing for tailoring

S f E i i d OO h lS f E i i d OO h lSoftware Engineering and OO technologySoftware Engineering and OO technology
–– provide the method for building, maintaining it. provide the method for building, maintaining it. 

RequirementsRequirements from HEP & other domains:from HEP & other domains:
–– LHC, heavy ions, CP violation, cosmic raysLHC, heavy ions, CP violation, cosmic rays
–– medical and space science applicationsmedical and space science applications

WorldWorld--wide collaborationwide collaboration
–– RD44  1994RD44  1994--19981998
–– MoU   1999MoU   1999--todaytoday
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Geant4 OverviewGeant4 OverviewGeant4 Overview Geant4 Overview 
P f l t t dP f l t t d k lk lPowerful structure and Powerful structure and kernelkernel
–– tracking, stacks, geometry, hits, …tracking, stacks, geometry, hits, …

Extensive & transparentExtensive & transparent physics modelsphysics modelsExtensive & transparent Extensive & transparent physics modelsphysics models
–– electromagnetic electromagnetic 
–– hadronichadronichadronic hadronic 
–– decay, optical, …decay, optical, …

InterfacesInterfaces
–– visualization, GUI, persistency.visualization, GUI, persistency.

Efficiency enhancing techniquesEfficiency enhancing techniques
–– FrameworkFramework for fast simulation (shower for fast simulation (shower parameterizationparameterization))
–– Variance reduction / event Variance reduction / event biasingbiasing
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Part 3

The Geant4 CollaborationThe Geant4 Collaboration



Geant4 CollaborationGeant4 Collaboration

CERN FNAL HIPFNAL HIP

Collaborators also from several other (non-
member) institutions, including

Budker Inst. of Physics
IHEP, KFKI Budapest

CIEMAT, MEPHI Moscow

Lebedev
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CIEMAT, MEPHI Moscow



Geant4 collaboration 1994Geant4 collaboration 1994 todaytodayGeant4 collaboration 1994Geant4 collaboration 1994--todaytoday

RD44 (1994RD44 (1994--1998)1998)
–– DRDC projectDRDC projectp jp j

Geant4 ‘MoU’ Collaboration (1999Geant4 ‘MoU’ Collaboration (1999--2005)2005)
L b i t i iL b i t i i–– Labs, experiments, univ. groups .. agenciesLabs, experiments, univ. groups .. agencies

Geant4 new Collaboration Agreement Geant4 new Collaboration Agreement gg
(2006(2006--now)now)
–– Individual as membersIndividual as members–– Individual as membersIndividual as members
–– Labs, institutes, funding agenciesLabs, institutes, funding agencies
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‘Classes’ of Geant4 users‘Classes’ of Geant4 usersClasses  of Geant4 usersClasses  of Geant4 users
A li ti d lA li ti d lApplication developersApplication developers
–– Create, improve an application, Create, improve an application, 

t i ll t ti f i ti lt i ll t ti f i ti ltypically starting from an existing example typically starting from an existing example 

Toolkit developersToolkit developers
Create complex applicationCreate complex application–– Create complex applicationCreate complex application

–– Extend capabilities of Geant4Extend capabilities of Geant4
New solid geometry creation engine hits engineNew solid geometry creation engine hits engineNew solid, geometry creation engine, hits engine, …New solid, geometry creation engine, hits engine, …

Indirect Users:Indirect Users:
Applications usersApplications usersApplications usersApplications users
–– Use an existing application (based on G4)Use an existing application (based on G4)
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Communicating with Geant4Communicating with Geant4Communicating with Geant4Communicating with Geant4
F i l i di tl ddF i l i di tl ddFor simple issues, directly addressFor simple issues, directly address
–– Problem reports to BugzillaProblem reports to Bugzilla

Q ti i l i t h tQ ti i l i t h t–– Questions, simple improvements or enhancement Questions, simple improvements or enhancement 
requests to User Forum (HyperNews)requests to User Forum (HyperNews)

Other issues (complex specialized)Other issues (complex specialized)Other issues (complex, specialized)Other issues (complex, specialized)
–– First communicate outline using usual channelsFirst communicate outline using usual channels
–– Bring the issue to a meeting of the Geant4 TechnicalBring the issue to a meeting of the Geant4 Technical–– Bring the issue to a meeting of the Geant4 Technical Bring the issue to a meeting of the Geant4 Technical 

(User) Forum(User) Forum
We can arrange for a talk, discussionWe can arrange for a talk, discussion

We are seeking to establish ‘liaisons’ between We are seeking to establish ‘liaisons’ between 
user communities and Geant4user communities and Geant4
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Major new requirementsMajor new requirementsMajor new requirementsMajor new requirements
D l t th t d i ifi t d/D l t th t d i ifi t d/Developments that need significant and/or scarce Developments that need significant and/or scarce 
resourcesresources
–– Are planned generally annually in Jan/FebAre planned generally annually in Jan/FebAre planned generally annually in Jan/FebAre planned generally annually in Jan/Feb

After collecting needs & assessing priorities at Technical Forum After collecting needs & assessing priorities at Technical Forum 
meeting(s) meeting(s) 

–– Generally a few revisions can occur laterGenerally a few revisions can occur laterGenerally a few revisions can occur later.Generally a few revisions can occur later.
Some new requirements are accepted,l but not included Some new requirements are accepted,l but not included 
in current planning,in current planning,
–– They can be met only if new resources are foundThey can be met only if new resources are found
–– They are specialised for single application area, and the They are specialised for single application area, and the 

respective users are asked to contribute all or part of the respective users are asked to contribute all or part of the espect e use s a e as ed to co t bute a o pa t o t eespect e use s a e as ed to co t bute a o pa t o t e
resources resources –– typically with the active collaboration of  Geant4 in typically with the active collaboration of  Geant4 in 
designing, interfacing and assessing developmentsdesigning, interfacing and assessing developments
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Geant4 users developersGeant4 users developersGeant4 users … developersGeant4 users … developers

Toolkit 
modules/
l

User application
classes

Examples
Physics Listsy

Tools for app area
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The division of responsibilityThe division of responsibilityThe division of responsibilityThe division of responsibility

I t t h t i h t G t4 t i tI t t h t i h t G t4 t i tI try to characterise what Geant4 strives to I try to characterise what Geant4 strives to 
provide elements under my categorisation:provide elements under my categorisation:
–– Necessary and mandatoryNecessary and mandatory

track, material, volumes and navigationtrack, material, volumes and navigation
–– Common over most/many application areasCommon over most/many application areas

Physics models, visualization, Physics models, visualization, 
–– Enabling Enabling –– starting points and/or validatedstarting points and/or validated

Physics lists Physics lists 
–– Well established / standard (as best possible)Well established / standard (as best possible)

NIST materialsNIST materials
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Common ‘issues’:Common ‘issues’:Common issues : Common issues : 

G th i (t th )G th i (t th )Gather experience (together)Gather experience (together)
–– about physics Listsabout physics Lists
–– about computing performanceabout computing performance
–– ....

Communicate (see next slide)Communicate (see next slide)
ActActActAct
–– G4 team can advise on issues (always)G4 team can advise on issues (always)
–– And collaborate to improveAnd collaborate to improve

When/where possible, When/where possible, 
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ENDENDENDEND



Recent extensionsRecent extensionsRecent extensionsRecent extensions

GFLASH h t i tiGFLASH h t i tiGFLASH shower parameterisationGFLASH shower parameterisation
–– ATLAS/CMS initiativeATLAS/CMS initiative

Geant4e error propagation moduleGeant4e error propagation module
–– Pedro Arce CIEMATPedro Arce CIEMATPedro Arce, CIEMATPedro Arce, CIEMAT

Additi d b G4 thAdditi d b G4 thAdditions made by G4, othersAdditions made by G4, others
–– New solids developed, donatedNew solids developed, donated
–– For major developments prefer to coFor major developments prefer to co--develop develop 

or at least establish good communication or at least establish good communication 
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Our model of user’s application Our model of user’s application 
creation ‘process’ creation ‘process’ 

Analyse requirementsAnalyse requirements
–– Functional, cpu, ..Functional, cpu, .., p ,, p ,

Choose appropriate starting pointsChoose appropriate starting points
Ph i d l /li tPh i d l /li t–– Physics models/listPhysics models/list

ValidateValidate
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Part 2

A quick tour of theA quick tour of theA quick tour of the A quick tour of the 
Geant4 toolkitGeant4 toolkitGeant4 toolkitGeant4 toolkit



G t4 G l N tG t4 G l N tGeant4 General NotesGeant4 General Notes
G t4 i bj tG t4 i bj t i t d C t lkiti t d C t lkitGeant4 is an objectGeant4 is an object--oriented C++ toolkitoriented C++ toolkit
–– the goal is to provide all that is needed to build a the goal is to provide all that is needed to build a 

wide variety of physics simulation applicationswide variety of physics simulation applicationswide variety of physics simulation applicationswide variety of physics simulation applications
range of physics models, range of physics models, 
tracking, geometry hit collection and scoringtracking, geometry hit collection and scoringtracking, geometry hit collection and scoringtracking, geometry hit collection and scoring
and auxiliary componentsand auxiliary components

–– code is open, modular code is open, modular –– available for all to available for all to p ,p ,
downloaddownload

Anyone can inspect, understand, tailor, revise, … Anyone can inspect, understand, tailor, revise, … 
improveimproveimprove. improve. 

–– extensive documentation and tutorials providedextensive documentation and tutorials provided

PrincipalPrincipal references:references:
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PrincipalPrincipal references:references:
–– NIM A506, 250 (2003) and IEEE Trans. Nucl. NIM A506, 250 (2003) and IEEE Trans. Nucl. 

Sci. 53, 270 (2006)Sci. 53, 270 (2006)



Geant4 ArchitectureGeant4 ArchitectureGeant4 ArchitectureGeant4 Architecture

Th K l i th b kb f th t lkitTh K l i th b kb f th t lkitThe Kernel is the backbone of the toolkitThe Kernel is the backbone of the toolkit
–– A ‘physics’ process can affect the state of a A ‘physics’ process can affect the state of a 

tracktrack
E, p, x, charge, weight, ..E, p, x, charge, weight, ..
Transport, biasing, scoring, shower Transport, biasing, scoring, shower 
parameterization are ‘processes’ tooparameterization are ‘processes’ too

Each particle type has a set of processesEach particle type has a set of processes–– Each particle type has a set of processesEach particle type has a set of processes
–– Geometry is separate moduleGeometry is separate module

t ibl i G4N i tt ibl i G4N i tone mass geometry accessible via G4Navigatorone mass geometry accessible via G4Navigator
optional parallel geometriesoptional parallel geometries

Additi l ti b tt h d tAdditi l ti b tt h d t
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–– Additional properties can be attached to many Additional properties can be attached to many 
objectsobjects



G t4G t4 G tG tGeant4Geant4 GeometryGeometry

ExtremelyExtremely versatileversatile
Large number of Large number of 
volume shapes (CSG volume shapes (CSG 

BREP)BREP)+ BREP)+ BREP)
Hierarchical Hierarchical 

bi ti fbi ti fcombination     of combination     of 
volumesvolumes
M i lM i lMaterials Materials 
–– isotopes,isotopes, elements,elements,
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compounds,compounds, phase,phase,
temptemp



Further capabilitiesFurther capabilitiesFurther capabilitiesFurther capabilities

E t l EM fi ld ff t h dE t l EM fi ld ff t h dExternal EM fields affect charged External EM fields affect charged 
particlesparticles
Tracks ‘hit’ userTracks ‘hit’ user--written detectorswritten detectors
Scoring radiation observablesScoring radiation observablesScoring radiation observablesScoring radiation observables
Event biasingEvent biasing

Auxiliary capabilitiesAuxiliary capabilities
–– Visualisation via several systemsVisualisation via several systems
–– Input/Output (‘persistency’) for geometry, Input/Output (‘persistency’) for geometry, 
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pu /Ou pu ( pe s s e cy ) o geo e y,pu /Ou pu ( pe s s e cy ) o geo e y,
eventsevents



PhysicsPhysics Choices and ‘PhysicsChoices and ‘PhysicsPhysicsPhysics Choices and PhysicsChoices and Physics
Lists’Lists’

User has the final say on the physics chosen for the User has the final say on the physics chosen for the 
simulation.  He/she must:simulation.  He/she must:
–– select the relevant particles and physics processes from select the relevant particles and physics processes from 

those  provided, for each particle typethose  provided, for each particle type
–– validate the selection for the application areavalidate the selection for the application areavalidate the selection for the application area validate the selection for the application area 

‘Physics‘Physics Lists’Lists’ representrepresent thisthis collectioncollection

D idi ti th h i li t i th 'D idi ti th h i li t i th 'Deciding or creating the physics list is the user's Deciding or creating the physics list is the user's 
responsibilityresponsibility
–– reference physics lists are provided by Geant4reference physics lists are provided by Geant4reference physics lists are provided by Geant4reference physics lists are provided by Geant4

are continuouslyare continuously--tested and widely used configurations (eg tested and widely used configurations (eg 
QGSP)QGSP)
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–– other ‘educatedother ‘educated--guess’ configurations for use as starting guess’ configurations for use as starting 
points.points.



Electromagnetic Physics inElectromagnetic Physics inElectromagnetic Physics in Electromagnetic Physics in 
Geant4Geant4

“standard”“standard” package (1 keV and up)package (1 keV and up)
–– multiplemultiple scattering, ionization, bremsstrahlungscattering, ionization, bremsstrahlungmultiplemultiple scattering, ionization, bremsstrahlungscattering, ionization, bremsstrahlung
–– Compton, pair production, photoCompton, pair production, photo--electric, electric, 

annihilationannihilation
synchrotron Cerenkov transition radiation highsynchrotron Cerenkov transition radiation high–– synchrotron, Cerenkov, transition radiation, high synchrotron, Cerenkov, transition radiation, high 
energy muon processesenergy muon processes

“low“low energy”energy” packagepackagegygy p gp g
–– uses database information to extend interactions uses database information to extend interactions 

below 1 keVbelow 1 keV
many of the same processes as offered inmany of the same processes as offered in–– many of the same processes as offered in many of the same processes as offered in 
“standard”“standard”

opticaloptical photonsphotons
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pp pp
–– reflection/refraction, absorption, Rayleigh, reflection/refraction, absorption, Rayleigh, 

wavelength shiftingwavelength shifting



Ionization and energy lossIonization and energy lossIonization and energy lossIonization and energy loss

‘Standard’ ionization‘Standard’ ionization
–– Creates secondaries of E>1 KeV (production thresh.)Creates secondaries of E>1 KeV (production thresh.)
–– Tracks particles down to zero energy, rangeTracks particles down to zero energy, range

‘Low‘Low--energy’ ionisationenergy’ ionisationgygy
–– Typical production threshold of 250 eVTypical production threshold of 250 eV
–– DeDe--excitationexcitation

PhotoPhoto--absorption Ionization modelabsorption Ionization model
–– For gases siliconFor gases silicon–– For gases, siliconFor gases, silicon
–– User chooses which volumes or materials to use it inUser chooses which volumes or materials to use it in
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Propagation in EM/other fieldsPropagation in EM/other fieldsPropagation in EM/other fieldsPropagation in EM/other fields

External fields External fields 
–– Magnetic, electric and combined availableMagnetic, electric and combined availableg ,g ,

Can create custom gravity or custom Can create custom gravity or custom 
field+equationfield+equationqq

–– Are created by user codeAre created by user code
Can choose a simple fieldCan choose a simple field -- provided in toolkit (egprovided in toolkit (egCan choose a simple field Can choose a simple field provided in toolkit (eg provided in toolkit (eg 
solenoid)solenoid)
User can create own field (analytic or map)User can create own field (analytic or map)( y p)( y p)

–– Are applied to all charged particlesAre applied to all charged particles
Being extended to particles with dipole momentsBeing extended to particles with dipole moments
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Being extended to particles with dipole momentsBeing extended to particles with dipole moments



H d i I l ti M d l I t
At rest 
CHIPS Hadronic Inelastic Model Inventory

Absorption
μ, π, K, anti-p Photo-nuclear, lepto-nuclear (CHIPS)

High precision neutron

Fermi breakup
Evaporation

Pre-
compound

FTF String 

High precision neutron

γ de-excitation
Multifragment compound

B i i d

Binary cascade
QG String 

R di ti

HEPFission

Bertini cascadeRadioactive
Decay

1 MeV 10 MeV 100 MeV 1 GeV 10 GeV 100 GeV 1 TeV

LEP
HEP
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