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Onemli Not:

® Yaklasik 1.5 saat stirecek bir oturumda Geant4’iin sadece kisa
bir tanitim1 yapailabilir.
» Daha fazla kaynak kullanarak bu konudaki bilgileriniz

arttirmalisinmiz.

® Bu tanitimdan sonra yaparak ogrenmeye calisin, sorularimizi
cekinmeden bizlere sorun.

® Asagidaki link kuictik 6devler icermektedir, takip edip yapmaya
calismaniz iyi olacaktir:

http://geant4.Ings.infn.it/courseBelfast2013/exercises/introduction/index.html
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Giris
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Geant4 Ne Ise Yarar?
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http://dx.doi.org/10.1016/j.physletb.2012.08.021
http://dx.doi.org/10.1016/j.physletb.2012.08.021

CMS Experiment at the LHC, CERN §
Sat 2012-12 09:22:34 CEST [S04%

Run 194050 Event 111946235
C.OM Energy 8.0TeV
H>Gamma Gamma candidate 8

© CERN
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Birincil proton, havadaki saganak
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Deney (Benzetim) Icin Neye Thtiyactmiz Var?

® Test edecegimiz bir fikir/varsayim
® Varsayim ile ilgili fizik bilgisi

® Deney odasi

® Algic

® Parcacik kaynagi

¢ Tetikleme mekanizmasi

® Veri toplama mekanizmasi

® Analiz/cizim gerecleri
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Geant4:

® GEANT3ten sonra gelen Geant4 YEF algi¢c benzetimlerinde
kullanilan bir yazilim paketidir.

® Acik kaynak bir paket olup fizik stireclerinin se¢imi, GUI,
goruntuleme, analiz paketleri tamamen kullanicinin se¢cimine
birakilmastir.

® Nesne yonelimli programlama dil(ler)i ile yazilmistur.

® Cesitli fizik alanlarinin ihtiyacina yanit vermek icin gelistirilmigtir:
Agir iyon fizigi, CP bozunumu, kozmik 151n fizigi, astrofizik, uzay
fizigi ve medikal fizik.

® Madde ve parcacik etkilesimlerinin benzetim paketi olan G4 YEF’te
cok onemli kesiflerde kullanilmistir (Higgs bozonu).
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Geant4

http://geant4.cern.ch

Download | User Forum | Gallery
Geant 4 Con s
| [ Search Geant4 ]

Geant4 is a toolkit for the simulation of the passage of particles through matter. Its areas of application include high energy, nuclear and accelerator physics, as well as studies in medical and space
science. The two main reference papers for Geant4 are published in Nuclear Instruments and Methods in Physics Research A 506 (2003) 250-303, and IEEE Transactions on Nuclear Science 53
No. 1 (2006) 270-278.

Applications User Support Publications Collaboration News
® 6 December 2013 -
Release 10.0 is available from the
Download area.
® 24 May 2013 -
Patch-02 to release 9.6 is available from
the download area.
A sampling of applications, Getting started, guides Validation of Geant4, Who we are: collaborating institutions,
technology transfer and and information for resuits from experiments members, organization and legal
other uses of Geant4 users and developers and publications information

Events
e SLAC Geant4 Tutorial Course, Jen-Hsun Huang Engineering Center, Stanford (US), 3-6 March 2014.
10" Geant4 Space Users Workshop, at NASA/MSFC, Huntsville, Alabama (USA), 27-29 May 2014.
International Workshop on Monte Carlo Technigues in Medical Physics, Quebec City (Canada), 17-20 June 2014.
19t Geant4 Collaboration Meeting, Okinawa (Japan), 29 September - 4 October 2014.

Past events
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Kullanic1 Destegi

p://geant4.web.cern.ch/geant4/support/index.shtml

Geant 4

Download | User Forum | Gallery
Contact Us

| [ Search Geant4 |

User Support

. Getting started
. Training courses and materials
. Source code
a. Download page
b. LXR code browser -or- draft doxygen documentation
. Frequently Asked Questions (FAQ)
. Bug reports and fixes

. User requirements tracker
. User Forum

. Documentation
. Introduction to Geant4
. Installation Guide
. Application Developers Guide
. Toolkit Developers Guide
. Physics Reference Manual
. Examples
. Physics lists
a. Electromagnetic
b. Hadronic
. User Aids
a. Tips for improving CPU performance
b. Process/model catalog

c. General particle source manual
. Contact Coordinators & Contact Persons

HPFBU Okulu, Tokat 2014

Geant4 Ile Benzetim

Related Links

« Object Oriented Analysis & Design
e Archive

o Mailing list subscription

o User requirements document (pdf)
e Technical Forum
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Kullanic1 Destegi

p://geant4.web.cern.ch/geant4/support/index.shtml

mt 4 | Search Geant4

Related Links

Object Oriented Analysis & Design
Archive

.
.
o Mailing list subscription
.
.

User Support

1. Getting started
2. Training courses and materials
3. Source code
a. Download page
b. LXR code browser -or- draft doxygen documentation
4. Frequently Asked Questions (FAQ)
5. Bug reports and fixes
6. User requirements tracker

I 7. User Forum I

. Introduction to Geant4
. Installation Guide
. Application Developers Guide
. Toolkit Developers Guide
e. Physics Reference Manual
9. Examples
10. Physics lists
a. Electromagnetic
b. Hadronic
11. User Aids
a. Tips for improving CPU performance
b. Process/model catalog

c. General particle source manual
12. Contact Coordinators & Contact Persons

User requirements document (pdf)
Technical Forum
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Kullanici Forumu

p://hypernews.slac.stanford.edu/HyperNews/geant4/cindex

GEANT4 at hypernews.slac.stanford.edu Forum List by Category Not Logged In (login)

Category: Applications

Educational Applications Industrial instruments Medical Applications Space Applications

Category: Control of runs, events, tracks, particles

Event and Track Management Multithreading Particles Run Management

Category: Experimental Setup
Biasing and Scoring Fields: Magnetic and Otherwise Geometry Hits, Digitization and Pileup

Category: General matters

Documentation and Examples HyperNews System Announcements Hypernews Testing Installation and Configuration User Requirements

Category: Interfaces

(Graphical) User Interfaces Analysis Persistency Visualization

Category: Physics

Biasing and Scoring Electromagnetic Processes Fast Simulation, Transportation & Others  Hadronic Processes Physics List Processes Involving Optical Photons
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Geant4 Isbirligi
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Terminoloji/Meslek Argosu

¢ Kosmak (run), olay (event), iz (track), adim (step), adim noktas: (step
point)

®iz & gezinge (trajectory), adim < gezinge noktasi

® Suireg (process)
»duragan (at rest), adim boyunca (along step), adimdan sonra (post
step)

® Kesme (Cut) = tiretme esigi (production threshold)

® Hassas algic (sensitive detector), hesap (score), vuru (hit), vuru
toplulugu (hits collection)
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Kisa Bir Geant4 Gezintisi

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Sayfa 15



Sinif Bolumleme
(Class Category Diagram)

® Geant4 17 boliimden olusur.
» Her bolum bagimsiz olarak

sorumlu CG tarafindan gelistirilir
ve bakimi yapilir.

» Bolumler arasindaki ayaytizler en
tepedeki CG tarafindan
dizenlenir.

® Geant4 Cekirdegi

» kosu, olay, iz, adim, vuru, gezinge
(run, event, track, step, hit,
trajectory) yi isler.

» Geometrik betimlemeler ve fizik
siirecleri icin taslaklar sunar.
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Bir Durum Makinesi Olarak Geant4

® Geant4 alt1 tane uygulama durumuna
sahiptir
» G4State Prelnit
-Malzeme, Geometri, Parcacik ve/veya Prelnit

Fizik Surecleri baslamaya hazirlanmali/
initiali ze\

tanimlanmalidir
4 G4State_Idle Idle
-Bir kosuyu baslatmaya hazir

» G4State. GeomClosed beamOn
-Geometri optimize edilmis ve bir olay1

GeomClosed |1

!

EventProc

islemeye hazir hale getirilmistir
» G4State_EventProc

-Bir olay islenmektedir
» G4State_Quit
- (Normal) sonlandirma

» G4State Abort
-Onulmaz bir hata olmustur ve

(event loop)

Run

program yarida kesilip ¢ikilir
HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Savyfa 17



Siklikla Karsilasaginiz Tipik Yapi

G4XXX

|

G4XXXManager

|

G4UserXXX(ing)Action

|

MyXXXAction

XXX: Run, Event, Track, Step, ...
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Geantd’te Fizik

® Cok sayidaki parcacigl ve enerji araliklarini kapsayan tek bir fizik
modeli gelistirmek gercek¢i/miimkiin degildir.
® Bunun yerine kuramsal calismalardan, parametrelestirilmis ya da
deney sonug¢larina dayanan bagintilarin/iligskilerin bir karisima ile
fizigin bu genis alani ele alinabilir. Tesir kesitleri ve fizik modelleri
secilmis olan bir stirece keyfi olarak baglanabilirler (polymorphism
mechanism)
® Geant4'iin sunmus oldugu stirecler:
» elektromanyetik
» hadronik
» foton/lepton-hadron
» optik foton
» bozunum
» saganak (shower) olusumu
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Geant4’un Kosulmasi

® Gergek bir deneye benzer olarak Geant4'tiin kosmaya (¢alismaya)
baslamasi “Beam On” (Demet Geliyor) ile olur.

® Kosu siiresince kullanici
»algic diizenlenmesini
» fiziksel suireclerin ayarlarim
degistiremez.

¢ Kavramsal olarak bir kosu ayni algi¢ ve fizik kosullarini paylasan
olaylar toplulugudur.
» Bir kosu olay halkasindan olusur.

® Bir kosunun basinda geometri yon bulma i¢in en uygun bicime getirilir
ve tesir kesitleri geometride verilen malzemeler ve kesme degerseri
kullanilarak hesaplanr.

® G4RunManager sinif1 bir kosuyu yonetir, kosu G4Run sinif1 ya da bu
siniftan kullanici tarafindan tiiretilmis bir sinifla temsil edilir.
» Bir kosu sinifi kosunun sonucunda 0zet sonuclari icerebilir.

® G4UserRunAction sinif1 ise kullanicilarin tercih edebilecegi bir simiftir.
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#ifndef G4Run_h
fdefine G4Run_h 1

f#include "globals.hh”
finclude <vector>
class G4Event;

class G4HCtable;
class G4DCtable;

// class description:

//

// This class represents a run. An object of this class is constructed
// and deleted by G4RunManager. Basically the user should use only the
// get methods. All properties are set by G4RunManager.

/7

class G4Run

{
public:
G4Run();
virtual ~G4Run();

private:
// These copy constructor and = operator must not be used.
G4Run(const G4Run &) {;}

. blic: // with d ipti
G4Run& operator=(const G4Run &) { return *this; )} pub.- ¢ v escription

inline G4int GetRunID() const

{ return runiID; }

// Returns the run ID. Run ID is set by G4RunManager.
inline G4int GetNumberOfEvent() const

{ return numberOfEvent; }

// Returns number of events processed in this run. The number is
// incremented at the end of each event processing.

inline G4int GetNumberOfEventToBeProcessed() const

{ return numberOfEventToBeProcessed; )}

inline const G4HCtable* GetHCtable() const

{ return HCtable; }

// List of names of hits collection

inline const G4DCtable* GetDCtable() const

{ return DCtable; }

// List of names of digi collection

inline const G4String& GetRandomNumberStatus() const

{ return randomNumberStatus; }

// Return random number status at the beginning of this run
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G4UserRunAction

#ifndef G4UserRunAction_h
#define G4UserRunAction_h 1

class Gamun; G4UserRunAction.hh

// class description:

!/

// This is the base class of a user's action class which defines the

// user's action at the begining and the end of each run. The user can

// override the following two methods but the user should not change

// any of the contents of G4Run object.

// virtual void BeginOfRunAction(const G4Run* aRun);

// virtual void EndOfRunAction(const G4Run* aRun);

// The user can override the following method to instanciate his/her own

// concrete Run class. G4Run has a virtual method RecordEvent, so that °
// the user can store any information useful to him/her with event statistics. eXtended/anaIYSIS/Shared/
// virtual G4Run* GenerateRun();

// The user's concrete class derived from this class must be set to

// G4RunManager via G4RunManager::SetUserAction() method.

I/ #ifndef RunAction_h

#include "G4Types.hh" #define RunAction_h 1

class G4UserRunAction #include "G4UserRunAction.hh”
{ #include "globals.hh"
public:
G4UserRunAction(); //....00000000000
virtual ~G4UserRunAction();

class G4Run;
public: class HistoManager;
virtual G4Run* GenerateRun();
virtual void BeginOfRunAction(const G4Run* aRun); class RunAction : public G4UserRunAction

virtual void EndOfRunAction(const G4Run* aRun); {
public:
protected: RunAction(HistoManager*);
G4bool isMaster; virtual ~RunAction();

public: virtual void BeginOfRunAction(const G4Run*);
inline void SetMaster(G4bool val=true) virtual void EndOfRunAction(const G4Run¥*);

{ isMaster = wval; }
inline G4bool IsMaster() const void fillPerEvent(G4double, G4double, G4double, G4double);

{ return isMaster; }
private:

HistoManager* fHistoManager;

G4double fSumEAbs, fSum2EAbs;
G4double fSumEGap, fSum2EGap;

G4double fSumLAbs, fSum2LAbs;
G4double fSumLGap, fSum2LGap;

}i
//....00000000000

fendif
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Geant4'te Olay

¢ Olay Geant4’'te benzetimin temel tinitesidir.

o Isleme siirecinin basinda, birincil izler (primary tracks) iiretilir ve
bunlar yigina (stack) konulur.

® Yigindaki izler birer birer alinir ve “izlenir”. Ortaya ¢ikan ikincil izler
de y1gna itilir.
» “Izleme” y1ginlardaki izler bitene kadar devam eder.

® Y1g1n bosaldiginda bir olayin islenmesi sona erer.

® G4Event sinif1 bir olay1 temsil eder. Islemenin sonucunda su nesnelere
sahiptir:
» Birincil koselerin (primary vertices) ve parcaciklarin listesi (girdi

olarak)

» Vuru ve gezinge topluluklar (¢ikt: olarak)

® G4EventManager sinifi bir olayin islenmesinden sorumludur.

® G4UserEventAction simifi ile kullanicilar bu sinifa ulasip islem
yapabilirler.
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G4Event

// class description:

//

// This is the class which represents an event. A G4Event is constructed and
// deleted by G4RunManager (or its derived class). When a G4Event object is
// passed to G4EventManager, G4Event must have one or more primary verteces
// and primary particle(s) associated to the vertex(es) as an input of

// simulating an event.

// G4Event has trajectories, hits collections, and/or digi collections.

. public: // with description
fifndef G4Event—h inline G4int GetEventID() const

fdefine G4EVGDt_h 1 { return eventID; }
// Returns the event ID
inline void AddPrimaryVertex(G4PrimaryVertex* aPrimaryVertex)

finclude "globals.hh" P
finclude "evtdefs.hh"” if( thePrimaryVertex == 0 )

» . . thePrimaryVertex = aPrimaryVertex;
finclude "G4Allocator.hh’ ;se v Y '

finclude "G4PrimaryVertex.hh"” { thePrimaryVertex->SetNext( aPrimaryVertex ); }

f#include "G4HCofThisEvent.hh" ; numberOfPrimaryVertext+;

finclude "G4DCofThisEvent.hh" // This method sets a new primary vertex. This method must be invoked
#include "G4‘l‘raj ectorggContainer hh" // exclusively by G4VPrimaryGenerator concrete class.

) " N " inline G4int GetNumberOfPrimaryVertex() const
finclude "G4VUserEventInformation.hh { return numberOfPrimaryVertex; }
// Returns number of primary vertexes the G4Event object has.
. . inline G4PrimaryVertex* GetPrimaryVertex(G4int i=0) const
class G4VHitsCollection; P I
class G4Event if( i ==10)
{ { return thePrimaryVertex; }
i else if( 1 > 0 && i < numberOfPrimaryVertex )
public: {
G4Event( ); G4PrimaryVertex* primaryVertex = thePrimaryVertex;
) ‘ . for( G4int j=0; j<i; j++ )
G4Event (G4int evID); {
~GaAFvent () if( primaryVertex == 0 ) return 0;
primaryVertex = primaryVertex->GetNext();

}

return primaryVertex;

}

else

{ return 0; )}
}
// Returns i-th primary vertex of the event.
inline G4HCofThisEvent* GetHCofThisEvent() const
{ return HC; }
inline G4DCofThisEvent* GetDCofThisEvent() const
{ return DC; }
inline G4TrajectoryContainer* GetTrajectoryContainer() const
{ return trajectoryContainer; }
// These three methods returns the pointers to the G4HCofThisEvent
// (hits collections of this event), G4DCofThisEvent (digi collections
// of this event), and G4TrajectoryContainer (trajectory coonainer),
// respectively.
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G4UserEventAction

fifndef G4UserEventAction_h
fdefine G4UserEventAction_h 1

class G4EventManager;
class G4Event;

// class description:

/I

// This is the base class of one of the user's optional action classes.

// The two methods BeginOfEventAction() and EndOfEventAction() are invoked
// at the beginning and the end of one event processing. These methods are
// invoked by G4EventManager.

// Be aware that BeginOfEventAction() is invoked when a G4Event object is
// sent to G4EventManager. Thus the primary vertexes/particles have already
// been made by the primary generator. In case the user wants to do something
// before generating primaries (i.e., store random number status), do it in
// the G4VUserPrimaryGeneratorAction concrete class.

/7 examples/extended/analysis/shared

class G4UserEventAction #ifndef EventAction_h
{ fdefine EventAction_h 1
public:
G4UserEventAction(); finclude "G4UserEventAction.hh"”
virtual ~G4UserEventAction(); finclude "globals.hh”

inline void SetEventManager(G4EventManager* value)
{ fpEventManager = wvalue; )}
public: // with description
virtual void BeginOfEventAction(const G4Event* anEvent //. .. .00000000000
virtual void EndOfEventAction(const G4Event* anEvent);
// Two wvirtual method the user can override. class EventAction : public G4UserEventAction
protected: {

G4EventManager* fpEventManager; public:
EventAction(RunAction*, HistoManager*);

virtual ~EventAction();

class RunAction;
class HistoManager;

fendif virtual void BeginOfEventAction(const G4Event*);

virtual void EndOfEventAction(const G4Event*);

void AddAbs(G4double de, G4double dl) {fEnergyAbs += de; fTrackLAbs += dl;};
void AddGap(G4double de, G4double dl) {fEnergyGap += de; fTrackLGap += dl;};

private:
RunAction* fRunAct;
HistoManager* fHistoManager;

G4double fEnergyAbs, fEnergyGap;
G4double fTrackLAbs, fTrackLGap;

G4int fPrintModulo;
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Geantd‘te Iz

® [z parcacigin “sipsak”1dir (snapshot).
» Sadece glincel durumun fiziksel niceliklerine sahiptir. Bir onceki nicelikleri
barmndirmaz.
» Adim bir iz icin “delta” bilgisidir. Iz adimlarin bir toplami1 degildir. Ancak
iz adimlar tarafindan guncellenir.
® Iz nesnesi su durumlarda silinir:
» diinya hacminin disina giktiginda,
» ortadan yok oldugunda (bozunma, esnek olmayan carpigsma,
sogurulma, ...),
» sifir kinetik enerjiye gittiginde ilaveten “AtRest” bilgisi istenmediginde
» kullanic1 oldurmek istediginde
® Hig bir iz nesnesi olay sonunda yasamaz.

» Izlerin kaydu icin gezinge smifinin nesneleri kullanilmalidar.

® G4TrackingManager sinifi bir izin islenmesinden sorumludur, G4Track simifi
bir izi temsil eder.

® G4UserTrackingAction sinif1 ile kullanicilar bu sinifa ulasip islem
yapabilirler.
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G4Track

77 G4Track.hh

Class Description:

This class represents the partilce under tracking.

It includes information related to tracking for examples:
current position/time of the particle,
static particle information,
the pointer to the physical volume where currently 108 public: // With description
the particle exists 109 // Copy information of the track (w/o tracking information)

void CopyTrackInfo(const G4Track&);

Modification for G4TouchableHandle . R.Chytracek X

Add MaterialCutCouple . H.Kurashige // Get/Set functions

Add SetVelocityTableProperties . H.Kurashige // track ID

Add fVelocity and Set/GetVelocity . H.Kurashige G4int GetTrackID() const;

Use G4VelocityTable 17 AUg. 2011 H.Kurashige void SetTrackID(const G4int aValue);

Iifn?ef G4Track_h G4int GetParentID() const;
#define G4Track_h 1 void SetParentID(const G4int aValue);

#include <cmath> Include from 'system'’ // dynamic particle

const G4DynamicParticle* GetDynamicParticle() const;

#include "globals.hh" Include from 'global’
#include "trkdefs.hh" Include DLL defs...
#include "G4ThreeVector.hh" Include from 'geometry' // particle definition

finclude "G4logicalVolume.hh" Include from 'geometry' const G4ParticleDefinition* GetParticleDefinition() const;
#include "G4VPhysicalVolume.hh" Include from 'geometry' // following method of GetDefinition remains

#include "Gd4Allocator.hh" Include from 'particle+matter’ // because of backward compatiblity. It will be removed in future

#include "G4DynamicParticle.hh" Include from 'particle+matter G4ParticleDefinition* GetDefinition() const;
#include "G4TrackStatus.hh" Include from 'tracking' !

#include "G4TouchableHandle.hh" Include from 'geometry'
#include "G4VUserTrackInformation.hh"

#include "G4PhysicsModelCatalog.hh"

// position, time
const G4ThreeVector& GetPosition() const;
void SetPosition(const G4ThreeVector& aValue);

#include "G4Material.hh"
G4double GetGlobalTime() const;
class GdStep; Forward declaration void SetGlobalTime(const G4double aValue);
class G4MaterialCutsCouple; // Time since the event in which the track belongs is created.
class G4VelocityTable;
IIIIIIIIIIIINT G4qouble GetLo?alTlme() const;
class G4Track void SetLocalTime(const G4d4double aValue);
JITITITIIIIIT] // Time since the current track is created.

Gddouble GetProperTime() const;
void SetProperTime(const G4double aValue);
public: // With description // Proper time of the current track

// Constructor
G4Track();
G4Track(G4DynamicParticle* apValueDynamicParticle,
G4double aValueTime,

const G4ThreeVector& aValuePosition); . .
// avValueTime is a global time G4Material* GetMaterial() const;

G4Track(const G4Tracks); G4Material* GetNextMaterial() const;
// Copy Constructor copys members other than tracking information

// volume, material, touchable
G4VPhysicalVolume* GetVolume() const;
G4VPhysicalVolume* GetNextVolume() const;
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G4UserTrackingAction

G4UserTrackingAction.hh

class G4UserTrackingAction;

#ifndef G4UserTrackingAction_h
fdefine G4UserTrackingAction_h 1

class G4TrackingManager; // Porward declaration

class GdTrack; /examples/extended/hadronic/Hadr(04/

IITTETTETEET i ritrrtirriy

class G4UserTrackingAction

FETETETETET i rrrrrrrrrrrr/ #ifndef TrackingAction_h
#define TrackingAction_h 1

#include "G4UserTrackingAction.hh"
#include "globals.hh"

//e...00000000000 00000000000. ..
// Constructor & Destructor

G4UserTrackingAction(); class TrackingAction : public G4UserTrackingAction {
virtual ~G4UserTrackingAction();

public:
Member functions TrackingAction();
void SetTrackingManagerPointer(G4TrackingManager* pValue); ~TrackingAction() {};
virtual void PreUserTrackingAction(const G4Track*){;}
virtual void PostUserTrackingAction(const G4Track*){;} virtual void PreUserTrackingAction(const G4Track*);
virtual void PostUserTrackingAction{(const G4Track*);

void UpdateTrackInfo(G4double, G4double, G4double);

private:
Member data G4int fNbStepl, £fNbStep2;
G4TrackingManager* fpTrackingManager; G4double fTrackLenl, fTrackLen2;
G4double fTimel, £Time2;

}i

fendif //.e...00000000000 00000000000..
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Geant4'te Adim

® Adim (step) iki noktaya sahiptir:
» On-adim (pre-step) ve adim-sonrasi (post-step)

® Adim parcacigin bir “delta” bilgisine de sahiptir:
» adimdaki enerji kaybi, adim icin gecen ugus stiresi,...

® Her nokta hacim ve malzeme bilgisine sahiptir. Adimi bir hacmin
sinirlamasi durumunda son nokta fiziksel olarak sinir tizerinde durur
ve mantiksal olarak bir sonraki hacime ait olur.
» Adimin iki hacimin malzemelerini bilmesinden dolay1 gecis 1s1masi

ya da kirilma gibi stireclerin benzetimi mumkun olmaktadir.

® G4SteppingManager simifi adimin islenmesinden sorumludur, adim ise

G4Step smif ile temsil edilir.

® G4UserSteppingAction smifi ile kullanicilar adim tizerinde islemler

yapabilirler. St

On-adim
noktast
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// G4Step.hh

/7

// Class Description:

/7 This class represents the Step of a particle tracked.

/7 It includes information of

/7 1) List of Step points which compose the Step,

/7 2) static information of particle which generated the

// Step,

/7 3) trackID and parent particle ID of the Step,

// 4) termination condition of the Step,

/7

// Contact:

// Questions and comments to this code should be sent to

/7 Katsuya Amako (e-mail: Katsuya.BRmako@kek.jp) .
/7 Takashi Sasaki (e-mail: Takashi.Sasaki@kek.]jp) public:

/7 .
Get/Set functions

#ifndef G4Step_h // currnet track

fdefine G4Step_h 1 G4Track* GetTrack() const;
void SetTrack(G4Track* value);

// WIth description

#include <stdlib.h> Include from ‘system
f#include <cmath> Include from ‘system // step points
#include "G4ios.hh" Include from 'system G4StepPoint* GetPreStepPoint() const;

f#include <iomanip> Include from 'system void SetPreStepPoint(G4StepPoint* value);

n

#include "globals.hh" Include from ‘global

#include "G4ThreeVector.hh" Include from ‘global G4StepPoint* GetPostStepPoint() const;
#include "G4VPhysicalVolume.hh" Include from 'geomet: void SetPostStepPoint(G4StepPoint* value);
f#include "G4StepPoint.hh" Include from ‘track’

finclude "G4StepStatus.hh" Include from 'track’ // step length

class G4Polyline; Forward declaration. G4double GetStepLength() const;

class G4Track:; Forward declaration. void SetStepLength(G4double value);

f#include "G4TrackVector.hh" // Include from 'tracl // Before the end of the AlongStepDoIt loop,StepLength keeps
// the initial value which is determined by the shortest geometrical Step

JITIITIITITT // proposed by a physics process. After finishing the AlongStepDolt,
class G4Step // it will be set equal to 'StepLength' in G4Step.

[ITTHETrrrry

// total energy deposit
G4double GetTotalEnergyDeposit() const;
void SetTotalEnergyDeposit(G4double value);

// total non-ionizing energy deposit
G4double GetNonIonizingEnergyDeposit() const;
void SetNonIonizingEnergyDeposit(G4double value);

Constructor/Destrcutor

G4Step();
~G4Step();

// Copy Counstructor and assignment operator

G4Step(const G4Step& );
G4Step & operator=(const G4Step &);
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G4UserSteppingAction

G4UserSte

F A ———
1/

g CATesTEteEBingAction.Ah /examples/extended/hadronic/Hadr03

// class description:

/7 This class represents actions taken place by the user at each

/7 end of stepping. #ifndef SteppingAction_h

I/ #define SteppingAction_h 1

// Contact:

// Questions and comments to this code should be sent to

/f Katsuya Amako (e-mail: Katsuya.Amakofkek.]jp)

/7 Takashi Sasaki (e-mail: Takashi.Sasaki@kek.]jp)

/7 class G4ParticleDefinition;
class RunhAction;

finclude "G4UserSteppingAction.hh”
#include "globals.hh"
#include <map>

#ifndef G4UserSteppingAction_h //....00000000000

#define G4UserSteppingAction_h 1
class SteppingAction : public G4UserSteppingAction

{

class G4Step;

. . blic:
class G4SteppingManager; // Forward declaration pub-ic

SteppingAction(RunAction*);
~SteppingAction();

LITTTTT L rriirrrrrrrry
class G4UserSteppingAction virtual void UserSteppingAction(const G4Step*);
LITTTTTL L rriirrrrrrrry

private:
RunAction* fRunAction;
std::map<G4ParticleDefinition*,G4int> fParticleFlag;

}i
//....00000000000

// Constructor and destructors
G4UserSteppinghAction();
virtual ~G4UserSteppingAction();

Member functions
void SetSteppingManagerPointer(G4SteppingManager* pValue);
virtual void UserSteppingAction(const G4Step*){;}

Member data
G4SteppingManager* fpSteppingManager;

}i

fendif

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Sayfa 31



/examples/extended/hadronic/Hadr03

5 void SteppingAction::UserSteppingAction(const G4Step* aStep) //secondaries
{ /7
// count processes const std::vector<const G4Track*>* secondary
/! = aStep->GetSecondaryInCurrentStep();
const G4StepPoint* endPoint = aStep->GetPostStepPoint(); for (size_t lp=0; lp<(*secondary).size(); lp++) {
const G4VProcess* process = endPoint->GetProcessDefinedStep(); particle = (*secondary)(lp]->GetDefinition();
fRunAction->CountProcesses(process); G4String name = particle->GetParticleName();
) ) ) G4String type = particle->GetParticleType();
// check that an real interaction occured (eg. not a transportation) G4double charge = particle->GetPDGCharge();

G4StepStatus stepStatus = endPoint->GetStepStatus(); 1 Gidouble energy = (*secondary)(lp)->GetKineticEneray();
G4bool transmit = (stepStatus==fGeomBoundary || stepStatus==fWorldBoundary); fRunAction->ParticleCount (name,energy);

if (transmit) return; //energy spectrum

if (charge > 3.) 1ih = 2;

else if (particle == G4Gamma::Gamma())

else if (particle == G4Neutron::Neutron())
else if (particle == G4Proton::Proton())
else if (particle == G4Deuteron::Deuteron())

//energy-momentum balance initialisation else %f (particle"-- G4Algha::§;gﬁg())
/7 else if (type == "nucleus")

const G4StepPoint* prePoint = aStep->GetPreStepPoint(); nise %f P tmcson“z
G4double 0 = - prePoint->GetKineticEnergy(); else if (type == "baryon”)
G4ThreeVector Pbalance = - prePoint->GetMomentum(); analysis->FillH1(ih,energy);
//energy-momentum balance
//initialisation of the nuclear channel identification G4ThreeVector momentum = (*secondary)(lp]->GetMomentum();
/f o += energy;

G4ParticleDefinition* particle = aStep->GetTrack()->GetDefinition(); Pbalance += momentum;

G4String partName = particle->GetParticleName(); //particle flag

G4String nuclearChannel = partName; fParticleFlag[particle)++;

G4HadronicProcess* hproc = (G4HadronicProcess*) process; }

const G4Isotope* target = hproc->GetTargetIsotope();

G4String targetName = "XXXX"; //energy-momentum balance

if (target) targetName = target->GetName(); G4double Pbal = Pbalance.mag();

nuclearChannel += " + + targetName +

//real processes : sum track length

//

G4double stepLength = aStep->GetStepLength();
fRunAction->SumTrack(stepLength);

WO 0~ W

| DO B DO B BN BN B
€D Se Se Se Se Se Se s

- fRunAction->Balance(Pbal);
ih = 11;

//scattered primary particle (if any) analysis->FillH1(ih,Q);
// ih = 12;
G4AnalysisManager* analysis = G4AnalysisManager::Instance(); analysis->FillH1(ih,Pbal);
G4int ih = 1;
if (aStep->GetTrack()->GetTrackStatus() == fAlive) {

G4double energy = endPoint->GetKineticEnergy();

analysis->FillHl(ih,energy);

//

G4ThreeVector momentum = endPoint->GetMomentum();

[0} += energy;

Pbalance += momentum;

//

nuclearChannel += partName +

+ "

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Sayfa 32



Gezinge ve Gezinge Noktasi

® [z kendisini takip etmez. Iz nesneleri olay sonunda yok olur.
® G4Trajectory smifi G4Track simifinin bazi bilgilerini kopyalar.
G4TrajectoryPoint stmifi G4Step sinifinin bazi bilgilerini kopyalar.
» G4Trajectory sinifi G4TrajectoryPoint sinifinin bir vektoriine sahiptir.
» Olay islemenin sonunda, G4Event sinifi G4Trajectory nesnelerinin bir
topluluguna sahiptir (bunun i¢in ise)
- /[tracking/storeTrajectory must be set to 1.
® Aradaki farka dikkat edilmelidir!
» G4Track & G4Trajectory, G4Step < G4 TrajectoryPoint
® G4Trajectory ve G4TrajectoryPoint nesneleri olay sonuna kadar var
olduklarindan ook fazla izi kaydetmemeye dikkat edilmelidir.
» Ornegin yuksek enerjili EM saganak izlerini saklamaktan kag¢inilmalidir.
® G4Trajectory ve G4TrajectoryPoint sadece minimum bilgi igerirler.
» Kullanicilar bilgi tutmak i¢in kendi gezinge ve gezinge noktasi
siniflarim1 G4VTrajectory ve G4VTrajectoryPoint baz simiflarindan
olusturabilirler.

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Sayfa 33



Geant4’te Parcacik

® Geant4'te bir parcacik ti¢ sinif ile temsil edilir: G4Track,
G4DynamicParticle, G4ParticleDefinition.
e G4Track
» Konum, geometrik bilgi, ...
» Bu sinif izlenecek olan parcacig: temsil eder.
® G4DynamicParticle
» Parcacigin momentum, enerji gibi "dinamik" fiziksel ozelliklerini temsil
eder.
» Her bir G4Track nesnesi kendisine ait ve biricik (unique) bir
G4DynamicParticle nesnesine sahiptir.
» Bu sinif 6zgtiin bir parcacig1 temsil eder.
® G4ParticleDefinition
» Parcacigin spin, yuk, kiitlesi gibi "statik” 6zelliklerini temsil eder.
G4ProcessManager parcacigin yer aldig siireci tanimlayan simiftir.
» Ayni bir parcacigin tum G4DynamicParticle nesneleri aym
G4ParticleDefinition sinifini paylasirlar.

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Savyfa 34



[zleme ve Stirecler

Geant4 izlemesi geneldir. Yani

® Parcacik cinsinden

® Parcacigl iceren fizik suireclerinden

bagimsizdar.

Tanimli olan tiim stireclere sans (gerceklesme olasiligi) verir, boylece

her stirec

® adim uzunlugunu belirlemek i¢in

¢ izin fiziksel O0zeliklerinde olas1 degisiklik yapmak i¢in

¢ ikincil parcaciklar1 yaratmak icin

®izin durumunda bazi degisiklikler Onermek i¢in (beklet, durdur,
otele, oldir)

katkida bulunabilir.
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Geant4’te Surecler

® Geant4’te parcacik tasinmasi da bir suirectir. Bu suirecte parcacik
geometrik hacmin sinirlar ile ve herhangi bir alan ile etkilesir.
® Her parcacik kendisine uygulanabilir stireclerin bir listesine sahiptir.
Her adimda, listelenen siirecler onerilen fiziksel etkilesme
uzunlugunu bulmak i¢in ¢agirilir.
® (Uzay-zamanda) en kisa etkilesim uzunlugunu veren siire¢ adimi
sinirlandirir.
® Her suire¢ asagidaki durumlarin birisine ya da bunlarin karisimina
sahiptir:
» AtRest
- Oornegin durgun durumdaki muon’un bozunmasi
» AlongStep (b.d.a. stirekli stirec)
- ornegin Cerenkov stireci
» PostStep (b.d.a. kesikli stirec)
- Ornegin ucus sirasinda bozunma
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Kullanigli Bilginin Elde Edilmesi

® Geometri, fizik ve birincil iz tiiretiminin verilmesi ile Geant4
“sessizce” fizik simiilasyonu yapar.
» Sizin i¢in kullanish bilgiyi elde etmek i¢in biraz (!) kod yazmaniz
gerekir.
® Bunun iki yolu vardir:
» Baz siniflara verilmis olan ¢engelleri kullanabilirsiniz
(G4UserTrackingAction, G4UserSteppingAction, ...)

- Neredeyse tiim bilgiye ulasabilirsiniz

- Dolambagsizdir, ancak kendiniz yapmalisiniz
» Geant4'un sayim (scoring) islevselligini kullanabilirsiniz
- Bir hacime G4VSensitiveDetector atayin
- Vuru toplulugu G4Event'te otomatik olarak saklanir ve eger
kullanic1 tarafindan tanimlanmais bir Run nesnesi kullanilmis ise
otomatik olarak biriktirilir.

- Olay ve kosu 0zetini almal i¢in yine ¢engelleri kullanabilirsiniz
(G4UserEventAction, G4UserRunAction)
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Birim Sistemi

® Geant4'te kullanilan i¢ birim sistemi hem kullanicidan hem de
Geant4'iin kaynak kodundan tamamen gizlenmistir.

® Dogridan kodlanmis (hard-coded) her say1 uygun birimi ile
carpilmalidir.
radius = 10.0 * cm;
kineticE =1.0 * GeV;

® Say1 elde etmek i¢in uygun birimi ile boliinmelidir.
G4cout <<eDep / MeV << [MeV]” << G4end];

e Siklikla kullanilan birimlerin ¢ogu tanimlanmistir ve kullanic1 kendi
birimini ekleyebilir.

® Bu birim sistemi ile kaynak kodu daha okunakli hale gelir ve fiziksel
nicelikleri koda ekleyip cikartmak daha basit olur.

» Ozel bir uygulama icin kullanici i¢ birimi, sonucu degistirmeden,

daha uygun bir alternatif birime cevirebilir.
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G4cout, G4cerr

® G4cout ve G4cerr (G4endl ile birlikte) Geant4 tarafindan
tanimlanmis ostream nesneleridir.
G4cout << "Hello Geant4!” << G4endl;

® Bazi GUI'ler ¢ikt1 karakter dizilerini arabellege yuklerler ve ciktilar
baska pencerelerde gosterirler ya da saklama/degistirme islevselligi
sunarlar
» Kullanict std::cout, std::cerr vb. kullanmamalidir.

¢ Girdi i¢in std::cin kullanilmamalidir. Saglanmis olan komutlar
kullanilmalidir
» Bir dosya i¢in bilindik I/O yapabilirsiniz.
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Geant4 Kullanimi

® Geant4 bir parcalardan olusmus bir yazilimdir (toolkit). Bu
parcalardan bir uygulama insa etmelisiniz.
® Bir uygulama olusturmak i¢in
» Geometrik diuzeni tamimlayin
- Malzeme, hacim
» Gerekli olan fizigi tanimlayin
- Parcaciklar, fizik stirecleri/modeller
- Uretim esikleri
» Bir olayin nasil basladigini tanimlayin
- Birincil izin uretimi

» Isinize yarayacak bilgileri cikartin

® Bunlarun yan sira, isterseniz
» Geometriyi, izleri ve fizik ¢iktilarini gorsellestirin
» Kullanic1 araytizeyini kullanin G(UI)
» Kendi UI komutlarimizi tanimlayin
> ...
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Kullanict Siniflar

® main()
» Geant4 main()'i saglamaz, kullanici bu programi yazmalidar.
® Baglatma durumuna getirme siniflar
» Tanimlamak icin G4RunManager::SetUserInitialization() kullanin.
» Baglatma durumuna getirilmede ¢agirilanlar
- G4VUserDetectorConstruction
- G4VUserPhysicsList
® Eylem siniflari
» Tanimlamak i¢cin G4RunManager::SetUserAction() kullanin
» Bir olay ceviriminde cagrilanlar
- G4VUserPrimaryGeneratorAction
- G4UserRunAction
- G4UserEventAction
- G4UserStackingAction
- G4UserTrackingAction
- G4UserSteppingAction
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main() Programi

® Geant4 main()’1 saglamaz, kullanici bu programi yazmalidar.
® main() programinda
» G4ARunManager (ya da bundan turetmis oldugunuz sinif)
olusturmalisiniz
» Kullanicinin yazmasi zorunlu olan siiflart RunManager’a
ayarlamalisiniz:
- G4VUserDetectorConstruction

- G4VUserPhysicsList
- G4VUserPrimaryGeneratorAction

® main() programinizda VisManager, (G)UI oturmunu, tercih ettiginiz
sizin tanimlamis oldugunuz eylem siniflarim tanimlayabilirsiniz.
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Algic Tanimi

¢ Kendi somut (concrete) sinifinizi G4V UserDetectorConstruction
soyut baz simnifindan tiiretin.
® Sanal Construct() metodunda,
» Tium gerekli malzemeleri ornekleyin
» Algic geometrisini olusturan hacimleri ornekleyin
» hassas algi¢ siniflarinizi ornekleyin ve bunlar karsilik geldikleri
mantiksal hacimlere atayin
® Tercihen
» algicimizin herhangi bir parcasi i¢in bolgeler (Regions)
» algic elemanlari icin gortintiileme Ozellikleri (renk, gorunurlik vb.)
tanimlayabilirsiniz.
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Fizik Suireclerinin Secimi

Geant4’te varsayilan parcaciklar veya suirecler yoktur.

» Parcacik tasinmasi i¢in bile bunu acik¢a tanimlamak gerekir.
Fizik stireclerini iceren somut sinifi soyut G4V UserPhysicsList baz
sinifindan turetilir.

» Gerekli tum parcaciklar: tanimlayin.

» Gerekli tim stirecleri tanimlayin ve bunlar: stireclerin

uygulanabilecegi parcaciklara atayn.

» Hem duiya geometrisine hem de tum bolgelere uygulanacak olan

kesme deger araliklarini tanimlayin
Geant4 pek ¢ok ise yarar sinif/metod ve Ornek saglamaktadir.
» Hadronik stirecler i¢in, pek ¢ok farkli kullanma durumu icin,
"deneyime dayanan tahmini" fizik listeleri vardir.
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Birincil Olaymn Uretilmesi

® Somut siifinizi soyut G4VUserPrimaryGeneratorAction baz
sinifindan tiretin.
® Bir G4Event nesnesini bir ya da birden fazla birincil koge ya da
birincil parcacik tireten somut birinci tiretme sinifina gonderin.
® Geant4, G4VPrimaryParticleGenerator baz sinifinin yani sira bazi
uretecleri de saglar:
» G4ParticleGun
» GAHEPEvtInterface, G4HepMClnterface
» HepMC smifi yada /hepevt/ ortak blogu icin araytizey
» G4GeneralParticleSource
» Radyoaktiviteyi tanimlar

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Sayfa 45



Istege Bagl Kullanict Eylem Simniflar

® All user action classes, methods of which are invoked during “Beam On”, must be
constructed in the user’s main() and must be set to the RunManager.

® G4UserRunAction
» G4Run* GenerateRun()
- Kullanicinin 6zellestirdigi kosu nesnesini ornekleme
» void BeginOfRunAction(const G4Run*)
- Histogram tanimlama
» void EndOfRunA ction(const G4Run*)
- Kosuyu incelema
- Histogramlari1 depolama

® G4UserEventAction

» void BeginOfEventAction(const G4Event®)

- Olay1 sec¢imi
» void EndOfEventAction(const G4Event®)
- Olay ¢ikt1 bilgisi olusturma
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Kullanic1r Dokumanlar:

http://geant4.cern.ch/support/userdocuments.shtml

B

User's Guides

The following four documents comprise a complete set of user's manuals for the Geant4 toolkit. The¢

Installation Guide: For setting up Geant4 in your computing environment [ pdf version ]
We strongly recommend installing the Geant4 toolkit under your computing environment be
version while you are reading them. This installation guide instructs you in the setting up of

[Old Versions]

+ \ersion 9.6:
+ Version 9.5:

User's Guide: For Application Developers [ pdf version ]
If you are new to Geant4, we recommend that you read this document first. The first part o
toolkit for practical applications, with a lot of example codes. After reading this part, you will
advanced use of the toolkit.

[Old Versions]

+ \ersion 9.6:
« Version 9.5:

User's Guide: For Toolkit Developers [ pdf version ]
This document is for those who want to contribute to the extension of the functionality to th
analysis and design performed by the original toolkit developers. Understanding this desigr

[Old Versions]

+ Version 9.6:
+ \Version 9.5:

Physics Reference Manual [ Note ] Browsina Geant4 source codes
This is a detailed description of the physics interactions provided in the Geant4 toolkit. The F O?Ih ose who want to know details of the Geant4 codes. '

The Physics Reference Manual contains gaps in documentation which correspond to un-im
next release.  Code Cross References - LXR
[Old Versions] e Classes and Members Reference Guide - Doxygen

« Version 9.6: pdf
« Version 9.5: pdf
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Geant4 Cross Reference (LXR)

0://[www-geant4.kek.jp/LXR/

Geant 4

Geant4 Cross Reference

Cross-Referencing Geant4

Version: [ ReleaseNotes ] [ 1.

[7.0)1[7.0.01 1[Z.1 ][ Z.1p]
[9.2.041[9.3]1[9.3.01 ][9.3.

Find file: | Gastep | [ search |

/physics_lists/constructors/limiters/include/G4StepLimiterPhysics.hh
/physics_lists/constructors/limiters/src/G4StepLimiterPhysics.cc
/processes/transportation/include/G4StepLimiter.hh
/processes/transportation/src/G4StepLimiter.cc
/track/include/G4SteppingControl.hh

/track/include/G4Step.icc

/track/include/G4Step.hh

/track/include/G4StepStatus.hh

/track/include/G4StepPoint.icc

/track/include/G4StepPoint.hh

/track/src/G4StepPoint.cc

/track/src/G4Step.cc

/trackina/include/G4SteppingVerbose.hh
/tracking/include/G4SteppingManager.hh
/trackina/src/G4SteppingManaqgerZ.cc
/trackina/src/G4SteppingVerbose.cc
/trackina/src/G4SteppingManager.cc
/environments/g4py/source/track/pyG4Step.cc
/environments/a4py/source/track/pyG4StepStatus.cc
/environments/q4py/source/track/pyG4StepPoint.cc
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Geant4 Reference Guide (Doxygen)

htt

p://[www-geant4.kek.jp/Reference/

Geant4 <6002

Namespaces l Classes l Files |

» Namespaces
p Classes
p Files

HPFBU Okulu, Tokat 2014

Geant4 Documentation

Geant4 osp0

Main Page l Namespaces Files '

Class List

'V V.V V vV V vV VY Y VY Y VY VY Y

L.%Latmr
G4StatMFChannel
G4StatMFFragment
G4StatMFMacroBiNucleon
G4StatMFMacroCanonical
G4StatMFMacroChemicalPotentia
G4StatMFMacroMultiNucleon
G4StatMFMacroMultiplicity
G4StatMFMacroNucleon
G4StatMFMacroTemperature
G4StatMFMacroTetraNucleon
G4StatMFMacroTriNucleon
G4StatMFMicroCanonical
G4StatMFMicroManager

Class Index ' Class Hierarchy I Class Members '

G4Step Class Reference

Public Member Functions

G4Step ()
~G4Step ()
G4Step (const G4Step &)
G4Step & operator= (const G4Step &)
G4Track * GetTrack () const
void SetTrack (G4Track *value)
G4StepPoint * GetPreStepPoint () const
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Istege Bagl Kullanict Eylem Siniflar

e G4UserStackingAction
» void PrepareNewEvent()
- Oncelik kontrolUnu yeniden ayarar
» G4ClassificationOfNewTrack ClassifyNewTrack(const G4 Track™)
- Yeni bir iz yigina itildigi her zaman cagrilir
- Yeni bir izi siniflandirir -- onem kontrolu
=»Urgent, Waiting, PostponeToNextEvent, Kill
» void NewStage()
- Urgent yigini bosaldiginda c¢agirilir
- Siniflandirma kriterini degistirir
- Olay filtrelemesi (Olay durdurmast)
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Istege Bagl Kullanict Eylem Simniflar

® G4UserTrackingAction
» void PreUserTrackingAction(const G4Track®)
- Gezingenin saklanip saklanmayacagina karar verin
- Kullania tarafindan tanimlanmis gezingeyi yaratin
» void PostUserTrackingAction(const G4Track™)
- Gereksiz olan gezingeleri silin
® G4UserSteppingAction
» void UserSteppingAction(const G4Step*)
- Izi Oldiir / Beklet / Ertele (kill/suspend/postpone)

- Adima cizin (gezinge olarak saklanmayacak izler icin)
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Ozetle:

Malzeme ve geometriyi tanimlayin
= G4V UserDetectorConstruction
Uygun parcacik ve surecleri secin, ve uretim esiklerini tanimlayin
= G4V UserPhysicsList
Birincil parcacigin uretim bicimini tanimlayin
= G4VUserPrimaryGeneratorAction
Geant4'ten ise yarar bilgiyi nasil alacaginizi tanimlayin
= G4UserSteppingAction, G4UserTrackingAction, vb.

= G4V UserDetectorConstruction, G4UserEventAction, G4Run,
G4UserRunAction

= G4SensitiveDetector, G4VHit, G4VHitsCollection
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Kurulum
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Desteklenen Platformlar Ve Derleyiciler

http://geant4.web.cern.ch/geant4/support/ReleaseNotes4.10.0.html

® Linux
- Resmi olarak test edilen: 64 bit (Intel ya da AMD) Scientific
Linux CERN SLC6, gcc-4.4.7.
- Sadece teyit edilen: gcc-4.7.2, gcc-4.8.2 (64 bit)
® Mac O5X
- Resmi olarak test edilen: 0.8, gcc-4.2.1 ve clang-3.3
- Sadece teyit edilen: 10.9 with gcc-4.2.1 and clang-3.3
®* Windows
- Resmi olarak test edilen: Windows7,Visual C++ 11.0 (Visual
Studio 2012)
- Sadece teyit edilen: Windows?7, Visual C++ 9.0, 10.0, 12.0
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Gerekli Yazilimlar

¢ Bir UNIX kabugu ve gerekli unix komutlari
® Geant4 kaynak kodu
® CMake, 2.6.4 ya da daha yenisi

» Onerilen ise 2.8.X

® C++ Derleyicisi
» Linux: GNU Derleyici Toplami

» Mac Os X: Clang (Xcode4)
-Xcode4 icin komut satir1 araclari gereklidir (Xcode — Preferences

— Downloads)

-Xcodeb i¢in eger komut satir1 araclar1 GUI'den yuklenemezse

komut satirindan xcode-select --install islemini yapin.
® Windows: Visual Studio 2011 (Express ya da Higher Ed.)

® Geant4 veri dosyalar1 (eger CMake otomatik olarak alamazsa)

Tercih edilen kurulum bi¢imi CMake iledir.

http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/InstallationGuide/html/
ch01s02.html
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Dis Yazilimlar-1

Goruntiileme/GUI Araclari (tercihen):

® X11 OpenGL Visualization (Linux ve Mac OS X)
» Kurulmas: Gerekir: X11, OpenGL or MesaGL (tistluk ve kutiphaneler).
® Qt4 User Interface and Visualization (Ttiim Platformlar)
» Kurulmasi Gerekir: Qt4, OpenGL or MesaGL (headers and libraries).
® Motif User Interface and Visualization (Linux ve Mac)
» Kurulmasi Gerekir: Motif and X11, OpenGL or MesaGL headers and
libraries.
® Open Inventor Visualization (Ttiim Platformlar)
® X11 RayTracer Visualization (Linux ve Mac OS X)
® GDML Destegi (Tuim Platformlar)
® DAWN postscript yorumlayicisi
® HepRApp Browser
e VRMLbrowser
e WIRED4 JAS Plug-In

kaynak: https://agenda.infn.it/getFile.py/access?sessionld=5&resld=0&materialld=0&confld=5699
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Dis Yazilimlar-2

Analiz ve Histogramlar i¢in Yazilimlar(tercihen):

® AIDA (Abstract Interfaces for Data Analysis)
» 1IAIDA (an implementation of AIDA'nmin C++ uygulanmasi)
» JASS3 (Java Analysis Studio)

» Open Scientist (Interactive Analysis Environment)
» TAIDA (AIDA'min Root’a uygulanmasi)

http:// aida.freehep.org

¢ ROQOT (veri analizi yazilimi)

p://root.cern.ch
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Nelere Thtiyaciniz Var:

Geant4 Software Download

Geant4 10.0
released 6 December 2013

The Geant4 source code is freely available. See the licence conditions.

Please read the Release Notes before downloading or using this release.
Itis required to apply a full rebuild of the libraries.

Source files

Please choose the archive best suited to your system and archiving tool:

(‘Download | GNU or Linux tar format, compressed using gzip (29.4Mb, 30780131 bytes)
——  After downloading, gunzip, then unpack using GNU tar.

| ZIP format (41.4Mb, 43365939 bytes)

| Download | s downioading, unpack using e.g. WinZip.

Data files (*)

For specific, optional physics processes some of the following files are required. The file format is compatible with Unix, GNU, and Windows utilities.

[ Download | Neutron data files with thermal cross-sections - version 4.4 (402.0Mb, 421555304 bytes)Hew:

[ Download | Data files for low energy electromagnetic processes - version 6.35 (18.2Mb, 19092577 bytes)Hew

[ Download | Data files for photon evaporation - version 3.0 (8.5Mb, 8864188 bytes)New:

[ Download | Data files for radioactive decay hadronic processes - version 4.0 (962.4kb, 985509 bytes)New:

[ Download | Data files from evaluated cross-sections in SAID data-base - version 1.1 (25.2kb, 25800 bytes)

[ Download | Data files for evaluated neutron cross-sections on natural composition of elements - version 1.4 (2.1Mb, 2249001 bytes)New
(Download | Data files for nuclear shell effects in INCL/ABLA hadronic mode - version 3.0 (53.6kb, 54849 bytes) e

[ Download | Data files for shell ionisation cross-sections - version 1.3 (4.1Mb, 4293607 bytes)

[ Download | Optional data files for measured optical surface reflectance - version 1.0 (1.2Mb, 1257863 bytes)

[ Download | Optional data files for nuclides properties - version 1.0 (229.1kb, 234612 bytes)ew

« Low Energy Nuclear Data (LEND) files can be downloaded from: ftp://gdo-nuclear.uclinl.org/pub/

Pre-compiled Libraries

These are compiled with Geant4 default settings and optimization turned on. Please choose according to your system/compiler:

| Download | compiled using gcc 4.4.7 on Scientific Linux CERN 6 (SLC6, based on Redhat Linux Enterprise 6), 64 bits (15.0Mb, 15684036 bytes)

| Download | compiled using gcc 4.2.1/clang-3.3 on Mac (MacOSX 10.9), 64 bits (13.6Mb, 14253160 bytes)

| Download | compiled using VC++ 11.0 on Windows 7, 32 bits, zip file (48.3Mb, 50631960 bytes)

| Download | compiled using VC++ 11.0 on Windows 7, 32 bits, executable installer (34.9Mb, 36606241 bytes)

These libraries are built using the embedded CLHEP classes, based on CLHEP version 2.1.4.1. Please refer to the Release Notes for details.
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CMake ile Kurulum

® Geant4 kaynak paketini (geant4.10.00-2.tar.gz) istediginiz bir yere
acin:

» Ornegin: /path/to/geant4.10.00 (kaynak altdizini)
¢ Kurulum urunlerini yapilandiracak, ¢calistiracak ve kuracak yeni bir
altdizin yaratin (kaynak altdizininden farkl bir yer):

» Ornegin: /path/to/geant4.10.00-build (kurulum altdizini)

$ cd /path/to

$ mkdir geant4.10.00-build

$ 1s

geant4.10.00 geant4.10.00-build

® Ayarlar1 yapmak i¢in kurulum altdizinine gidin ve CMake’i calistirin:

$ cd /path/to/geant4.10.00-build
$ cmake -DCMAKE INSTALL PREFIX= /path/to/geant4.10.00-install /path/to/geant4.10.00

o

Kurulum yapmayz tercih ettigimiz altdizin ~ Geant4’tin kaynaginin bulundugu yer
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CMake ile Ileri Kurulum

Ek argumanlar CMake’e verilerek Geant4'tuin tercihli olan paketleri de
kurulabilir:

o -DGEANT4_INSTALL_DATA=0ON (0nerilir)

ek olan veri kiitiphaneleri otomatik olarak indirilir
o-DGEANT4_INSTALL _EXAMPLES=ON (0nerilir) ornekler kurulur
o -DGEANT4_USE_OPENGL_X11=ON (0nerilir)X11 OpenGL
goruntuleme suriucusunu kurar

*-DGEANT4_USE_QT=ON (tercihli) Qt goruntuleme sturticisunu
kurar

En basindan bu secenekler CMake’eklenebilir:

$ cmake -DCMAKE INSTALL PREFIX=/path/to/geant4.9.6-install -DGEANT4 INSTALL DATA=ON \
-DGEANT4 USE OPENGIL X11=ON -DGEANT4 INSTALL EXAMPLES=ON /path/to/geant4.9.6
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CMake ile Kurulum

CMake kurum icin ayarlamalar1 yapar ve asil kurumu baglatmak i¢in Unix
Makefile dosyalarim tiretir:

Detecting C compiler
Detecting C compiler
Checking whether CXX
Checking whether CXX
Checking whether CXX
Checking whether CXX

$ cmake -DCMAKE INSTALL PREFIX=/path/to/geant4.10.00-install /path/to/geant4.10.00
The C compiler identification is GNU 4.2.1
The CXX compiler identification 1s GNU 4.2.1
Checking whether C compiler has -isysroot
Checking whether C compiler has -isysroot - yes
Checking whether C compiler supports 0OSX deployment target flag
Checking whether C compiler supports 0SX deployment target flag - yes
Check for working C compiler:
Check for working C compiler:

ABI info
ABI info
compiler
compller
compiler
compiler

Check for working CXX compiler: /Developer/usr/bin/c++
Check for working CXX compiler: /Developer/usr/bin/c++ —-- works

/Developer/usr/bin/cc
/Developer/usr/bin/cc -- works

- done

has -isysroot

has —-isysroot - yes

supports 0OSX deployment target flag
supports 0OSX deployment target flag - yes

Hersey yolunda giderse:

-— Configuring done
-—- Generating done

-— Build files have been written to: /path/to/geant4.10.00-build

Bu mesajlar1 gormezseniz CMake’in hata mesajlarini dikkatlice kontrol edin.
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CMake ile Kurulum

S make -IJN (N: kag tane paralel is istiyoruz.)
S make install (MAKE_INSTALL_PREFIX altdizinine kurulum)

Geant4’un kurulumu platformunuzun hizina bagh olarak bir suire
alacaktir.

Eger sorun yasadiysaniz, ¢oziim daha once onerilmis olabilir:
http://hypernews.slac.stanford.edu/HyperNews/geant4/get/installconfig.html

GEANT4 at hypernews.slac.stanford.edu Forum List by Category Not Logged In (login)

Category: Applications
Educational Applications Industrial instruments Medical Applications

Category: Control of runs, events, tracks, particles

Event and Track Management Multithreading Particles

Category: Experimental Setup

Biasing and Scoring Fields: Magnetic and Otherwise Hits, Digitization and Pileup

Category: General matters

Documentation and Examples HyperNews System Announcements Installation and Configuration

Category: Interfaces
(Graphical) User Interfaces Analysis ersistenc Visualization

Category: Physics

Biasing and Scoring Electromagnetic Processes Fast Simulation, Transportation & Others adronic Processes Processes Involving Optical Photons
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Kurlum Bitince:

+- CMAKE_INSTALL_PREFIX <= / path/ tO/ geant4. 10.00-install

-

|
|
|
|
=
|
|
|
|
|
=
|
|
|
|
|
|
|
|
|
|
-

bin/

+- geantd4-config (UNIX ONLY)

+ geant4.csh (UNIX ONLY)

+k_geant4.sh (UNIX ONLY) Derlenmi§ kﬁtﬁphanelere PATH

+- G4global.dll (WINDOWS ONLY)

- ...

include/ degiskeninden ulasmak ve veri

+- Geant4/

-

- ..

=
-
lib/

Ghgtobal.-nh ktituphanelerine ulasmak i¢in:
CLHEP/ (WITH INTERNAL CLHEP ONLY)
tools/

(MAY BE 1ib64 on LINUX) $
+- libG4global.so (AND/OR .a, OR G4Global.lib ON WINDOWS) . geant4 . Sh

+ - -

-
-
-
+ -
-
+ -
-
share

+- Geant4-10.0.0/ ya da

Geant4Config.cmake

Geant4ConfigVersion.cmake $ . ge an t 4 .CS h
Geant4LibraryDepends.cmake

Geant4LibraryDepends-Release.cmake

UseGeant4.cmake

Linux=-g++ (OR Darwin-g++ UNIX ONLY SOFTLINK -> ..)

Modules/

+- Geant4-10.0.0

.
-
.

data/ (IF GEANT4 INSTALL_ DATA WAS SET)
examples/

geant4make/

+- geant4make.csh

+- geant4make.sh

+- config/
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CMake ile Bir Uygulamay1 Insa Etmek

Geant4’'iin temel orneklerinden birisini insa edelim:
geant4.10.00/examples/basic/B1/

cd SHOME

mkdir Bl-build

cd Bl-build

cmake -DGeant4 DIR=/path/to/geant4.10.00-install/lib(64)/Geant4-10.0.0 /path/to/geant4.10.00/examples/basic/Bl

-=- The C compiler identification is GNU
The CXX compiler identification is GNU
Check for working C compiler: /usr/bin/gcc
Check for working C compiler: /usr/bin/gcc -- works
Detecting C compiler ABI info
Detecting C compiler ABI info - done
Check for working CXX compiler: /usr/bin/c++
Check for working CXX compiler: /usr/bin/c++ -~ works
Detecting CXX compiler ABI info
Detecting CXX compiler ABI info - done
Configuring done
Generating done
Build files have been written to: /home/you/Bl-build

$ 1s
CMakeCache.txt exampleBl.in init_vis.mac run2.mac $ ./exampleBl
CMakeFiles exampleBl.out Makefile vis.mac
cmake_install.cmake init.mac runl.mac

A S 2 R 2 S S S S S SRR R R R R SRR R EEEEEEEEEEEEEEEEEEEEEEEEEE LSS
Geant4 version Name: geant4-10-00-ref-00 [MT) (6-December-2013)
<< in Multi-threaded mode >>

Copyright : Geant4 Collaboration

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

S make -jN WWW : http://cern.ch/geant4

kkkkkkkkkhkhkhkhkkkkkhkhkhkhkhkhktxhhhhkhkhkhkhtkkhkhkhkhkhkhhkkhkhkhkhkhkxtkkkhkhkhkkxhkx*x*x

<<< Reference Physics List QBBC

Checking overlaps for volume Envelope ... OK!

Checking overlaps for volume Shapel ... OK!

Checking overlaps for volume Shape2 ... OK!

User-derived detector construction class does not implement
ConstructSDandFiled method: i.e. workers will not have SD and fields!
The user can safely ignore this message if (s)he has no sensitive
detector or field in her/his application.

### Adding tracking cuts for neutron TimeCut(ns)= 10000 KinEnergyCut(MeV)= 0
Visualization Manager instantiating with verbosity "warnings (3)"...
Visualization Manager initialising...

Registering graphics systems...
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Geant4 Ornekleri

../geant4.9.6-install/share/Geant4-9.6.0/examples altinda:
® Temel (basic) ornekler
» Geant4 uygulamalarinin en tipik ornekleri

® Yeni baglayan (novice) ornekleri L0, Examples

» Etkilesmeyen parcaciklardan oldukc¢a karmasik algic

. . .. 10.1. Introduction
benzetimlerine kadar degisen uygulamalar 10.2. Basic Examples

® Genisletilmis (extended) ornekler (Geant4’'iin 6zel 1021 Basic Fxamples Summary

uygulamalarimin gosterilmesi) :83% f;jlig 5]’;3;‘5"11; Macros

» Elektromanyetik 10.2.4. Example B1
Anali 10.2.5. Example B2

4 nallz 10.2.6. Example B3
nvareilam 10.2.7. Example B4

) O ya g ama 10.2.8. Example BS

» Gortlintlileme
10.3. Extended Examples

10.3.1. Extended Example Summary

e Ileri (advanced) drnekler (gercek deney diizeneklerinin ya

da cihazlarin benzetimi) :8;1 ngincg\ fn)ila)lln!s)lcs
5. Novice Examples

» Brachytherapy

» Gammaray_telescope
» Medical linac

» Hadrontherapy

http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/ForApplicationDeveloper/html/
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Malzeme Tanimi

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Sayfa 66



Malzeme Tanimi

e Uc tiir malzeme tanimanabilir:

» isotop =¥ G4lsotope
» element =» G4Element
» molekiil = G4Material
» alasim ve bilesim =» G4Material
® Bu malzemelerin 6zellikleri olabilir
» Sicaklik, basing, durum (kati, sivi, gaz), yogunluk
® G4lsotope ve G4Element atomlarin 0zelligini betimler
» Atom sayisi, niikleon sayisi, molar kiitle, kabuk enerjileri, atom
basina tesir kesiti, ...
® G4Material maddenin mikroskobik 0zelliklerini betimler:
» sicaklik, basing, durum, yogunluk
» Radyasyon uzunlugu, sogurma uzunlugu, ...

G4Material izleme, geometri ve fizik siniflar tarafindan kullanilir.
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Elementler ve Izotoplar

[zotoplar elementlerden olusturulabilir:

G4Isotope (const G4String& name,
G4int Z, // atomic number
G4int n, // number of nucleons
G4double a ); // mass of mole

Elementler asagidaki gibi olusturulup izotopa eklenir:

G4Element (const G4String& name,
const G4String& symbol, // element symbol
G4int nIso ); // n. of isotopes
G4Element: :AddIsotope (G4Isotope* iso, // isotope
G4double relAbund) ;
// fraction of atoms

// per volume
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Bir Elementten ve Molekiillerden Olusmus Malzeme

Tek elementli malzeme:

G4double z, a, density

density = 1.390*g/cm3;

a = 39.95*g/mole;

G4Material* lAr =

new G4Material ("liquidArgon", z=18, a, density)

Birden fazla elementten olusmus molekiil

(atom sayzisi ile birlestirme):
a =1.01*g/mole;
G4Element* elH =

new G4Element ("Hydrogen",symbol="H",6z=1. ,a);
a = 16.00*g/mole;
G4Element* el0 =

new G4Element ("Oxygen",symbol="0",z=8.,a);
density = 1.000*g/cm3;
G4Material* H20 =

new G4Material ("Water" ,density,ncomponents=2) ;
H20->AddElement (elH, natoms=2) ;
H20->AddElement (elO, natoms=l) ;
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Alasim ve Karisimlar

Karisim: kesirli birlestirme

a = 14.01*g/mole;

G4Element* elN = new G4Element (name="Nitrogen",h symbol="N",z= 7. ,a);
a = 16.00*g/mole;

G4Element* el0 = new G4Element (name="Oxygen", symbol="0",z= 8. ,a);
density = 1.290*mg/cm3;

G4Material* Air = new G4Material (name="Air" ,density,ncomponents=2) ;
Air->AddElement (elN, 70.0*perCent) ;

Air->AddElement (elO, 30.0*perCent) ;

Alasim malzemelerinin birlesimi

G4Element* elC = ..; // define “carbon” element

G4Material* Si02 = ..; // define “quartz” material

G4Material* H20 = ..; // define “water” material

density = 0.200*g/cm3;

G4Material* Aerog = new G4Material ("Aerogel" ,density,ncomponents=3) ;
Aerog->AddMaterial (Si02,fractionmass=62.5*perCent) ;
Aerog->AddMaterial (H20 ,fractionmass=37.4*perCent) ;
Aerog->AddElement (elC ,fractionmass= 0.l*perCent)
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NIST Malzeme Veritabani

http://physics.nist.gov/PhysRefData

Elemetleri ve malzemeleri On tanimlamadan dogrudan NIST Manager
ile veritabanindan kullanabilirsiniz:

G4NistManager* manager = G4NistManager::Instance():

G4Material* H20 = manager->FindOrBuildMaterial (“G4 WATER") ;

3000’den fazla malzeme veritabaninda bulunmaktadir:

8. Geantd Material Database

8.1. Pure Matenals

8.2. NIST Compounds

8.3. HEP and Nuclear Materials
8.4. Space (ISS) Materials

8.5. Bio-Chemical Materials
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Geometri Tanimi
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Algic Tanimi

® Algic geometrisi bir ka¢ hacimden olusur.
® Bu hacimlerin en buytugu World hacmi olarak isimlendirilir
» Diger tim hacimleri i¢ine almalidir.
¢ Algicin somut sinifi G4VUserDetectorConstruction soyut baz sinifindan
turetilir.
¢ Construct() metodunun uygulanmasi:
® Modiiler bigcinde algicin her alt pargacasi icin yazilir:
» Geometriyi tamimlamak icin gerekli sekil ve katilar tanaimlanir
» Gerekli tim malzemeler olusturulur
» Algic geometisindeki hacimler olusturulur ve yerlerine yerlestirilir
» Hassas algiclar tamimlanir ve hangi algi¢ hacimlerinin bunlarla
eslestirilecegine karar verilir
» Manyetik alan olacak ise algicin hangi bolgesine eklenecegine karar
verilir
» Algic elemanlar: i¢in gortintiileme Ozellikleri tanimlanir (renk,
gorunurlik vb.)
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Algic Geometrisinin Bilesenleri

Kavramsal olarak ti¢ katmandan olusur:

® G4V5olid: sekil, boyut
® G4VLogicalVolume: malzeme, manyetik alan, hassaslik,

goruntiileme oOzellikleri, yavru hacimler

® G4VPhysicalVolume: konum, donme, kopyalama

G4VSolid

G4LogicalVolume

A

G4VPhysicalVolume

AN

G4Material G4VisAttributes

G4Tubs

i

G4VSensitiveDetector

G4PVPlacement

G4PVParameterised
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Algic Geometrisi Tanimlama

En basit 6rnek: examples/basic/B1

G4Box* solidWorld =
new G4Box("World", //1ts name
0.5*world_sizeXY, 0.5*world_sizeXY, 0.5*world_sizeZ); //1ts size

G4LogicalVolume* logicWorld =
new G4LogicalVolume(solidWorld, //its solid
world_mat, //1ts material
"World"); //1ts name

G4VPhysicalVolume* physWorld =

new G4PVPlacement(@, //no rotation
G4ThreeVector(), //at (0,0,0)
logicWorld, //1ts logical volume
"World", //1ts name
Q, //1ts mother volume
false, //no boolean operation
Q, //copy number
checkOverlaps); //overlaps checking

G4Box* solidEnv =
new G4Box("Envelope", //1ts name
0.5*%env_sizeXY, 0.5*env_sizeXY, 0.5*env_sizeZ); //its size

G4LogicalVolume* logicEnv =
new G4LogicalVolume(solidEnv, //1ts solid
env_mat, //1ts material
"Envelope"); //1ts name

new G4PVPlacement(0, //no rotation
G4ThreeVector(), //at (0,0,0)
logicEnv, //1ts logical volume
"Envelope", //1ts name
logicWorld, //1ts mother volume
false, //no boolean operation
9, //copy number
checkOverlaps); //overlaps checking
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/example/basic/B1

Thu Feb 6 08:37:09 2014

G4

exampleB1
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Katilar

Geant4'te katilar farkl yollarla
tanimlanabilir:
® CSG (Constructed Solid Geometry) katilar
» G4Box, G4Tubs, G4Cons, G41rd, ...
® Ozel katilar (CSG tarzinda)
» G4Polycone, G4Polyhedra, G4Hype, ...
» G4Twisted Tubs, G4Twisted Trap, ...
® BREP (BoundaryREPresented) katilar
» G4BREPSolidPolycone,
G4BSplineSurtface, ...
® Boolean katilar
» G4UnionSolid, G4SubtractionSolid, ...
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CSG: G4Tubs, G4Cons

G4Tubs (const G4String& pname, name
G4double pRmin, inner radius
G4double pRmax, outer radius
G4double pDz, Z half length
G4double pSphi, starting Phi
G4double pDphi) ; segment angle

G4Cons (const G4String& pname, name
G4double pRminl, inner radius -pDz
G4double pRmaxl, outer radius -pDz
G4double inner radius +pDz
G4double pRmax2, outer radius +pDz
G4double pDz, Z half length
G4double starting Phi
G4double segment angle
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Diger CSG Katilar

50
z()
0, -50
0

100

X 200

G4Sphere G4Torus

p
Tim ayrintilar icin:

Application Developers
Guide Bolim 4.1.2

10.0

G4Polycone G4Polyhedra G4ExtrudeSolid

HPFBU Okulu, Tokat 2014 Geant4 Ile Benzetim Savyfa 79


http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/ForApplicationDeveloper/html/
http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/ForApplicationDeveloper/html/
http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/ForApplicationDeveloper/html/
http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/ForApplicationDeveloper/html/

Birincil Parcacik Demeti

Uretilmesi
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Kullanicinin Birincil Parcacik Uretmesi

® Geant4'te G4VPrimaryGenerator sinifinin ti¢ somut simifi vardir:

» G4ParticleGun

» G4GeneralParticleSource

» G4HEPEvtInterface, GAHEPMClInterface

® G4ParticleGun

» Tipil deneylerde kullanilan demet parcaciklarini benzetmek i¢in kullanilabilir.

» Birincil kose ytizeydeki ya da 3D nesnelerin hacimleri i¢inde bir yerde noktasal kaynaklardan
gelisigtizel olarak secilebilir. Birincil parcacigin momentum yont ve kinetik enerjisi
gelisigiizel halde olabilir.

® G4GeneralParticleSource

» Genellikle uzay uygulamalari i¢in kullanilir.

» Uygulanmasi basittir ve Ul komutlari ile kosu basinda degerleri ayarlanabilir.

¢ G4HEPEvtInterface

» Deneylere 0zel birincil parcacik tiretimi i¢in kullanilabilir.

» Pek ¢cok YEF (FORTRAN ) fizik tiretecinin kullandig1 /HEPEVT/ yaygin blok i¢in uygundur

» ASCII dosyas1 girdisi kullanabilir.

¢ G4HEPMClInterface

» Deneylere 0zel birincil parcacik tiretimi i¢in kullanilabilir.

» Bazi (C++) YEF fizik tireteclerinin kullandigr HepMC formati i¢in uygundur

» ASCII girdi dosyas1 ya da HepMC ile dogrudan baglantilama yolu ile kullanilabilir.
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Ornek:G4ParticleGun

#include “G4ParticleGun.hh“

G4ParticleGun particleGun;

void myPrimaryGeneratorAction: :GeneratePrimaries (G4Event* anEvent)

{
particleGun->SetParticleDefinition (G4Electron: :Definition());
particleGun->SetParticleMomentum (G4ThreeVector(1.0,0,0));
particleGun->SetParticleEnergy (100.0*keV) ;

particleGun->GeneratePrimaryVertex (anEvent) ;

Kullanilabilecek Set Metodlarz:

SetParticleDefinition(G4ParticleDefinition*)
SetParticleMomentum (G4ParticleMomentum)
SetParticleMomentumDirection (G4ThreeVector)
SetParticleEnergy (G4double)

SetParticleTime (G4double)
SetParticlePosition (G4ThreeVector)
SetParticlePolarization(G4ThreeVector)
SetNumberOfParticles (G4int)
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Ornek:G4GeneralParticleSource

myPrimaryGeneratorAction: :myPrimaryGeneratorAction ()

{ generator = new G4GeneralParticleSource; }

{ generator->GeneratePrimaryVertex (anEvent); }

void myPrimaryGeneratorAction: :GeneratePrimaries (G4Event* anEvent)

/gps/particle gamma
/gps/pos/type Plane
/gps/pos/shape Square
/gps/pos/centre 1.2. 1.cm
/gps/pos/halfx 2. cm
/gps/pos/halfy 2. cm
/gps/ang/type cos

/gps/ene/type Lin
/gps/ene/min 2. MeV

/gps/ene/max 10. MeV
/gps/ene/gradient 1.
/gps/ene/intercept 1.

100 200

Source ¢os{theta)—phi distribution

-4 -2 0] 2

Source X=Y distribution

Source theta/phi distribution
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Oneriler

G4ParticleGun G4GeneralParticleSource
® Basit ve sadedir e Gugludur
® Tane tane parcacik atar. ¢ Ul komutlari ile kontrol edilir
¢ Kullanmasi/kontrol etmesi kolaydir » Set () metodlar ile kontrol etmek
» Herbir iz icin ya da olay icin degerseri neredeyse mumbkiin degildir.
degistirmek i¢in Set () metodlarim » Bir hacmin ytizeyinden parcgacik
kullanabilirsiniz. gonderme imkani verir.
» Kullanicin verdigi bir dagilimla
(histogram) parcaciklarin kinetik
enerjisini, konumunu ve/veya yoninu
gelisigiizel olarak degistirmek
mumkuindiir.

® Bir hacmin ytiizeyinden, iceri dogru ya da disar1 dogru, birincil parcacik
gonderecekseniz G4GeneralParticleSource kullanin.

® Diiz ya da basit bir Gaussian dagilim olmayan karmasik bir birincil parcacik dagilimina
ihtiyaciniz varsa G4GeneralParticleSource kullanin.

® Diger durumlarda G4ParticleGun kullanabilirsiniz.
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Parcaciklar ve Surecler
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Geant4'de Fizik Surecleri

® Geant4 fizik suireclerinin benzetiminde tek bir butiinleyici yaklagim
yerine tane tane (parca parca) olan bir yaklagim kullanir
» birbiri ile (cogu zaman) iliskili olmayan fizik bilesenleri (stirecler)
sunar
» kullania1 algic1 parca parca insa ettigi gibi bu fizik bilesenlerini de
parca parca birlestirerek uyarladig fizik listesine ekler
o [stisnalar
» baz1 elektromanyetik stirecler birlikte kullanilmalidir
-Ornegin: ionizayson ve frenleme 1sinimai: her ikisi de, yuklu
parcacigin erimini belirleyen enerji kaybina katkida bulunurlar.
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Geant4d’'uin Sagladigi Fizik Suirecleri

® EM Etkilesmeler
» ~10° eV’den ~10" eV’e kadar gecerli olan “standart” siiregler
» ~250 eV’den ~10% eV’e kadar gecerli olan “diisiik enerji” stirecler
» optik fotonlar
e Zayif Etkilesmeler
» atomalt1 parcaciklarin bozunumu
» cekirdegin radyoaktif bozunumu
¢ Guclii Etkilesmeler
» ~0 eV'den ~10'? eV'’e kadar gegerli tiim gticlii etkilesmeler
» ~10°eV’den ~10'* eV’e kadar gecerli elektro- ve gamma-niikleer
etkilesmeler
® Parametrize edilmis ya da hizli benzetim fizigi
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G4VUserPhysicsList

e Tum fizik suirecleri bu siiftan turetilmelidir

» ardindan kosu yoOneticisine (run manager) kaydedilmelidir
¢ Kullanic1 ConstructParticle(), ConstructProcess() and SetCuts()
metodlarini kendisi yazmalidir.

—~ #ifndef PhysicsList_h
Ornek: f#define PhysicsList_h 1

finclude "G4VUserPhysicsList.hh"
finclude "globals.hh"

//....00000000000

class PhysicsList: public G4VUserPhysicsList

{
public:

PhysicsList();
virtual ~PhysicsList();

// Construct particle and physics
virtual void ConstructParticle();
virtual void ConstructProcess();

virtual void SetCuts();
private:

// these methods Construct physics processes and register them
void ConstructDecay():;
void ConstructEM();

}i

//....00000000000

fendif
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G4V UserPhysicsList:Gerekli Metdolar

® ConstructParticle() — benzetimde ihtiya¢ duyacaginiz tim
parcaciklari secip burada tanimlayin.
® ConstructProcess() — her parcacik i¢in, benzetiminizde onemli
oldugunu distindiigtinuiz tim fizik stireclerini atayin
e Fizik suireci nedir?
» bir parcacigin madde ile nasil etkikesecegini tanimlayan bir siniftir
® SetCuts() — ikincil parcacik uretimi i¢in erim kesme degerlerini
tanimlayin
® Erim kesme nedir?
» parcacik uretiminde ne kadar dustik enerjilere gidilecegini
belirleyen simirdir
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ConstructParticle()

oid PhysicsList::ConstructParticle()

// pseudo-particles
G4Geantino: :GeantinoDefinition();
G4ChargedGeantino: :ChargedGeantinoDefinition();

// gamma
G4Gamma: :CammaDefinition();

// optical photon
G40pticalPhoton: :0OpticalPhotonDefinition();

// leptons
G4Electron::ElectronDefinition();
G4Positron::PositronDefinition();
G4MuonPlus: :MuonPlusDefinition();
G4MuonMinus: :MuonMinusDefinition();

G4NeutrinoE: :NeutrinoEDefinition();
G4AntiNeutrinoE: :AntiNeutrinoEDefinition();
G4NeutrinoMu: :NeutrinoMuDefinition();
G4AntiNeutrinoMu: :AntiNeutrinoMuDefinition();

// mesons
G4MesonConstructor mConstructor;
mConstructor.ConstructParticle();

// barions
G4BarvyonConstructor bConstructor;
bConstructor.ConstructParticle();

// ions
G4IonConstructor iConstructor;
iConstructor.ConstructParticle();

// Required by MT even if ion physics not used
G4Genericlon: :GenericIonDefinition();
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ConstructProcess()

void PhysicsList::ConstructProcess()
{

AddTransportation();
ConstructEM();

ConstructGeneral();

}
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ConstructEM()

5 void PhysicsList::ConstructEM()
{
theParticlelterator->reset();
while( (*theParticleIterator)() ){
G4ParticleDefinition* particle = theParticlelterator->value();
G4ProcessManager* pmanager = particle->GetProcessManager();
G4String particleName = particle->GetParticleName();

if (particleName == "gamma") {
// gamma
pmanager->AddDiscreteProcess (new G4PhotoElectricEffect);
pmanager->AddDiscreteProcess (new G4ComptonScattering);
pmanager->AddDiscreteProcess (new G4GammaConversion);
pmanager->AddDiscreteProcess(new G4RayleighScattering);

else if (particleName == "e-") {
//electron
pmanager->AddProcess (new G4eMultipleScattering,
pmanager->AddProcess (new G4eIonisation,
pmanager->AddProcess (new G4eBremsstrahlung,
if (f£SRType) {
pmanager->AddProcess (new G4SynchrotronRadiation,
} else {
pmanager->AddProcess (new G4SynchrotronRadiationInMat,

}

pmanager->AddProcess (new G4StepLimiter,

} else if (particleName == "e+") {
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ConstructGeneral()

1 void PhysicsList::ConstructGeneral ()
{
// Add Decay Process
G4Decay* theDecayProcess = new G4Decay():;

theParticleIterator->reset();

while ((*theParticlelIterator)()){
G4ParticleDefinition* particle = theParticlelterator->value();

G4ProcessManager* pmanager = particle->GetProcessManager();
if (theDecayProcess->IsApplicable(*particle)) {

pmanager ->AddProcess(theDecayProcess);
// set ordering for PostStepDolIt and AtRestDolt

pmanager ->SetProcessOrdering(theDecayProcess, idxPostStep);
pmanager ->SetProcessOrdering(theDecayProcess, idxAtRest);

}
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SetCuts()

oid PhysicsList::SetCuts()

v
{

if (verboseLevel >0)({
G4cout << "CutLength : " << G4BestUnit(defaultCutValue, "Length") << G4endl;

}

// set cut values for gamma at first and for e- second and next for e+,
// because some processes for e+/e- need cut values for gamma
SetCutValue(defaultCutvValue, "gamma");

SetCutValue(defaultCutvalue, "e-");

SetCutValue(defaultCutvValue, "e+");

if (verboseLevel>0) DumpCutValuesTable();
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Fizik Siirecleri: Kisa Ozet

® Bir uygulama i¢in gerekli olan tum parcaciklar, fizik suirecleri ve
uretim kesmeleri fizik listesine eklenmelidir.

¢ Kullanicilarin kendi fizik siniflarini tiiretebilecekleri iki fizik listesi
sinif1 vardir:
» G4VUserPhysicsList — gorece basit fizik listeleri i¢in
» G4VModularPhysicsList — daha ayrintili fizik listeleri i¢in

® Geant4'iin icinde Onceden hazirlanmis fizik listeleri vardir:
» elektromanyetik fizik listesi
» elektromanyetik + hadronik fizik listeleri

Kullanic1 dogru fizigi secme konusunda hassas olmalidir.
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Geant4 EM packages

o Standard
7 Y, eupto 100 TeV
= hadrons up to 100 TeV

0 Low-energy
Livermore library v, e- from 250 eV up to 1 GeV
Livermore library based polarized processes

O ions up to 100 Tev . PENELOPE code rewrite , v, e- , e+ from 100 eV
Muons up to 1 GeV (2008 version)

o uptol PeV = hadrons and ions up to 1 GeV

o energy loss propagator = atomic de-excitation (fluorescence + Auger)
X-roys 0 Geant4-DNA

o X-ray and optical photon production proc. = microdosimetry models for radiobiology (Geant4-
DNA project) from 0.025 eV to 10 MeV

Adjoint

= New sub-library for reverse Monte Carlo

simulation from the detector of interest back to
Polarisation source of radiation

High-energy
o processes at high energy (E>10GeV)

= physics for exotic particles

= simulation of polarized beams Utils

Optical o general EM interfaces

= optical photon interactions

Slayt: Sebastien Incerti
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Partial Hadronic Model Inventory

At rest
absorption, u,
i, K, anti-p
1

Radioactive
decay

High precision
neutron

Evaporation
Fermi breakup Pre-
Multifragment = compound

Photon Eva

Binary cascade

Bertini-style cascade

1 MeV 10MeV 100MeV 1GeV 10GeV 100GeV 1TeV
Slayt: Dennis Wright
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Diger Kaynaklar

Kullanilan Diger Kaynaklar:
https://agenda.infn.it/getFile.py/access?
sessionld=17&resld=0&materialld=0&confld=5699

https://agenda.infn.it/getFile.py/access?
sessionld=5&resld=0&materialld=0&confld=5699
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