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Kisim 1:
Geant4 Kod Yapisi

HTE-UKO, 12-17 Subat 2024, Ankara Sinan Kuday, Ankara Universitesi



Basit bir nuikleer Fizik deneyinin tanimlanmasi i¢cin gerekli nesneler:

Hedef
- —
° Demet Demet
* Hedef
Dedektor
* Dedektor

* EtkileSim Alanlar

Fizik EtkileSimleri ve Algoritmalari

 AnalizYontemleri



ExampleB1 Dosyalari

o =C # $Id: GNUmakefile 68058 2013-03-13 14:47:43Z gcosmo $
CMakelLists.txt exampleBl.cc 2
# GNUmakefile for examples module. Gabriele Cosmo, ©06/04/98.
B
_ name := exampleBl
exampleB1l.in exampleBl.out

GATARGET := $(name)
G4EXLIB := true

. ——|ifndef G4INSTALL

G4History.macro GNUmakefile G4INSTALL SIERTARTAY
endif
.PHONY: all
all: lib bin
History include

include $(G4INSTALL)/config/binmake.gmk

visclean:
rm —f gd*.prim g4*.eps gd*.wrl
init_vis.mac README rm —f .DAWN_=*

runt.mac run2.mac Derlenmesi (cmake yontemi): Derlenmesi (make yontemi):



ExampleB1 Dosyalari

C~ HOW TO RUN

% ./exampleBl
and type in the commands from runl.mac line by line:
CMakelLists.txt exampleBl.cc Idle> /control/verbose 2
Idle> /tracking/verbose 1
Idle> /run/beamOn 1@
Idle> ...
Idle> exit
or
exampleB1.in exampleB1.out Idle> /control/execute runl.mac

Idle> exit

1 .CC

- Execute exampleBl in the 'batch' mode from macro files

% ./exampleBl run2.mac
% ./exampleBl exampleBl.in > exampleBl.out

G4History.macro GNUmakefile

History include

ude:
B1Actioninitialization.hh
B1DetectorConstruction.hh
B1EventAction.hh
B1PrimaryGeneratorAction.hh
B1RunAction.hh

init_vis.mac README

=) =) [=) [=) [=) [=

B1SteppingAction.hh

& B1Actionlinitialization.cc
o B1DetectorConstruction.cc

runl.mac runz.mac



ExampleB1 Dosyalari

X1

CMakelLists.txt

exampleB1.in

G4History.macro

History

init_vis.mac

runl.mac

.CC

exampleBl.cc

exampleBl.out

GNUmakefile

include

README

runz.mac

56

@ | runl.mac

runi.mac ' No Selection

Macro file for example Bl

=

“

# Can be run in batch, without graphic

# or interactively: Idle> /control/execute runl.mac

H

# Change the default number of workers (in multi-threading mode)
#/run/number0fWorkers 4

=

# Initialize kernel

JSrun/initialize

u“

fcontrol/verbose 2

/run/verbose 2

/event/verbose @

/tracking/verbose 1

=

# gamma 6 MeV to the direction (@.,0.,1.)
u“

/gqun/particle gamma

/qun/energy 6 MeV

u“

/run/beamOn 5

=

# proton 218 MeV to the direction (@.,0.,1.)
u“

/gun/particle proton

/qun/energy 218 MeV

/tracking/verbose 2

u“

/run/beamOn 1



ExampleB1 Dosyalari

T™®T .CC
CMakeLists.txt exampleBl.c
exampleB1.in exampleBl.out
G4History.macro GNUmakefile
e
History include
init_vis.mac README
runl.mac runz.mac

f/ Choose the Random engine
G4Random: :setTheEngine(new CLHEP::RanecuEngine);

[/ Construct the default run manager

/f
#ifdef G4AMULTITHREADED

GAMTRunManager* runManager = new G4MTRunManager;
#else

G4RunManager= runManager = new G4RunManager;
#endif

// Set mandatory initialization classes
[/ Detector construction
runManager-=SetUserInitialization(new BlDetectorConstruction());
// Physics list
G4VModularPhysicsList* physicsList = new QBBC;
physicsList-=5etVerboselevel(1);
runManager->SetUserInitialization(physicsList);
/f User action initialization
runManager->SetUserInitialization(new BlActionInitialization());
// Initialize visualization
G4VisManager= visManager = new G4VisExecutive;
// G4VisExecutive can take a verbosity argument - see /vis/verbose guidance.
/f G4VisManagers visManager = new G4VisExecutive("Quiet");
visManager->Initialize();
[/ Get the pointer to the User Interface manager
G4UImanager* UImanager = G4UImanager::GetUIpointer();
[/ Process macro or start UI session
I
if (v wui) {
// batch mode
G45tring command = "/control/execute ";
G45tring fileName = argv[1];
UImanager—=ApplyCommand (command+fileName) ;
}
else {
// interactive mode
UImanager—=ApplyCommand (" /control/execute init_wvis.mac");
ui-=SessionStart();
delete ui;

}

// Job termination
[/ Free the store: user actions, physics_list and detector_description are
S/ owned and deleted by the run manager, so they should not be deleted




® Her 6rnek icin README aciklamalari okunup anlasiimalidir ,

® Derleme islemi icin GNUmakefile veya CMakeLists.txt okunmalidir,

® Derlemenin ardindan calistirilacak macro dosyasinin anlasiimasi gerekir
® Macro dosyasinda ilgili modifikasyonlar yapildiktan sonra galistiriimaldir.

G4 kodlamasi, C++ dilinde nesne yonelimli sinif yapisi (object oriented)
kullanilarak olusturulmustur !!

Object Oriented Class Methodology bilinmelidir !

Yeni projeler yaratilirken ilgili Geant4 Ornekleri incelenmeli
mumkunse bu ornekleri modifiye edecek/gelistirecek yollar
izlenmelidir!!

AMERIKAY! YENIDEN KESFETMEYE GEREK YOK


https://github.com/alisw/geant4/blob/master/examples/basic/B1/CMakeLists.txt

Kisim Il:
Geometri Olusturma



Geometri Olusturma
® Geometriler, olusturacagimiz SANAL DENEYIlerin baslangicidir.

® Geometri olusturma; deneyde kullanilacak materyallerin ve yerlerinin
tanimlanmasi islemidir.

® Benzetimin her adiminda izlenen yol lGizerindeki materyaller (pargacik)
kontrol edilir / otelenebilir / etkilesime girebilir.

® Basit geometriler (kutu, silindir, kiire) islemleme siresini kisaltir.

® Ayrintili benzetimlerde karmasik/gelismis geometriler kullanilabilir.

® |lk geometri tanimlari DETEKTOR insaasinda karsimiza cikar.

Not: Gelismis Geometrilerden sonraki sunumda bahsedilecektir.



Geometri Olusturma

* Tanimlara geometrik seklin boyutlarini belirleyerek baslayin:

Box Sm x 2m x 10m .
Sphere r=10m Solids

Cylinderr=5m,h=10m ... i

* Hangi ozelliklere sahip olmali?
Logical Volumes

Material
Any B- or E-fields? ;
Is 1t sensitive, 1.e. used for read-out?

o Hangi Konumda ? Physical Volumes

Single placement?
Or repeatedly as described by some function?



Geometri Olusturma

* Solid (katl) geometrilerden olusan tanimlamalardir

Kutu, kiire, silindir tanimlamalarindan karmasik geometriler de elde Solids

edilebilir !! %
* Hazir fonksiyonlardir: G4Box, G4Cone, ...vs.
* Boyut argumanlarina ihtiyag duyarlar Logical Volumes

Boyutlar birimleri (cm, mm ?) ile birlilkte verilmelidir !! i

Physical Volumes



Geometri Olusturma

Asagidaki sira ile tanimlanirlar:

* Kati geometriye bir materyal eklenir

e Kati geometriye E veya B alanlari eklenir

* Kati geometri hassas (sensitive) yapilir
* Kullanici limitleri belirlenir

* Fiziksel kiz hacimler belirlenir.
(physical daughter volumes)

Solids
Logical Volumes

+

Physical Volumes



Geometri Olusturma

Asagidaki sira ile tanimlaniriar:

* Hacmin konumu ve rotasyonu belirtilir. Solids
* Ayni hacmin replikasi veya tekrari belirtilir. %
Ornek:

Logical Volumes

G4Box* boxSolid = new G4Box(“aBox”, 1.0*m, 1.0*m, 1.0*m); i

G4LogicalVolume* boxLogic = new G4LogicalVolume(BoxSolid, BoxMaterial,

“Box1Logic”) PhySical Volumes

G4ThreeVector pos(1*m, 1*cm, 1*mm);
G4RotationMatrix* rot = 0;
G4VPhysicalVolume* boxPhys = new G4PVPlacement(rot, ©, BoxLogic, “Box1Placed”,

World, pMany = @, copyNo = 0, surfChk = true);




* Tum kati sekiller G4VSolid sinifiyla turetilir / olusturulur.

* Tanimlanmasi baglantili bazi fonksiyonlari kullanir hale getirir
bool Inside(G4 ThreeVector)
G4double DistanceToln(G4 ThreeVector)

G4double DistanceToOut(G4 ThreeVector) ) Katl G e O m et ri I e I'

G4ThreeVector SurfaceNormal(G4ThreeeVector
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Constructed Solid Geometries (CSG)
Boundary Represented Shapes (BREPSs)
Complex shapes by parameterization
Boolean operations also possible

Kati Geometriler




Kati Geometriler (Ornekler) o o

e T_—_é‘_a'

G4VSolid* boxSolid = new G4Box(“aBox”, 1.0*m, 1.0*m,
1.0*%m);

e e

G4VSolid* tubeSolid = new G4Tubs(“aTube”,

1.0*m, //inner radius (@ possible)
2.0*m, //outer radius

4.0*m // half - height

0.*deg, 360.*deg); //segment angles

5

¥, #0920 3

Jl 4

G4VSolid* coneSolid = new G4Cons(“aCone”, f4§ SENG i 108100
1.0*m, 1.5*m, //inner/outer radius 1 10 s 5&06 0
2.0*m, 2.5*m, //inner/outer radius 2 - 0 100
4.0*m // half - height 20 ra 100
0.*deg, 360.*deg); //segment angles -

ZO B 1

G4VSolid* sphereSolid = new G4Sphere(“aSphere”, -20 lagy! 0,
1.9*m, 1.5*m //inner/outer radius — ‘ by
0.*deg, 360.*deg, // phi —100

0.*deg, 180.*deg); // theta




Mantiksal Hacimler (Logical Volumes)

e Kati Geometriler (solids) malzemelerin sadece boyutunu ve seklini belirtir.
Oysa bir deneyde sadece bu parametreleri bilmek yetmez.

* Hacimlere asagidaki ozellikler verilebilir;
I. Materyal cinsi
ii.E / B Alanlar
lii.Gorsellestirme Atiflari
Iv.Hassasiyet
v.Kiz hacimlerin pozisyonlari

vi.Bolgeler / Lezyonlar

* Mantiksal Hacimler pozisyon ve rotasyonlari tanimlamaz (Fiziksel nicelikler;;
fiziksel hacim icinde tanimlanir.)

* Mantiksal Hacimler ayni tipteki fiziksel hacimler arasinda paylastirilabilir.



Mantiksal Hacimler (Logical Volumes)

* Tanimlandiktan sonra mantiksal hacimlerin kaydi yapiimis olur.

* Kullaniimasi i¢in baslatiimasi, fiziksel / kati bir hacime paylastiriimasi
gereklidir.

* Kullanilmazlarsa tanimlanmalari hatali olsa bile program calisir.
drnek:  (Derleme sirasinda warning satirlari gelir)

G4LogicalVolume(G4VSolid* pSolid, //pointer to solid, must to be ©
G4Material* pMat, //pointer to material, must not be ©
const G4String& name, //name of this logical volume

G4FieldManager* pFieldMgr = 0, //pointer to field manager
G4VSensitiveDetector* pSensDet = 0, //sensitive detector
G4UserLimits* pUserLimits = @, // user limits

G4bool optimise = true); // optimization on




Fiziksel Hacimler (Physical Volumes)

® Olusturulan kati ve mantiksal hacimlerin yerlesimi veya hareketi fiziksel hacim ile
tanimlanur.

® Geant4 benzetimleri hacim geometrilerinin hiyerarsik yapisiyla olusturulur:
- En Ust: Kok Hacim (veya World olarak da isimlendirilir)

- Iceride: Ana hacimler (TUm diger kiz hacimler Ana hacmin koordinat eksenini baz
alirlar)

- Daha igeride: Kiz hacimler (Ayni ana hacme bagli birden fazla olabilir)
®* Fiziksel Hacimler G4VPhysicalVolume sinifiyla Uretilirler.
® Diger hacimler gercek fiziksel ha/gmi_ftg_msil ediyorsa G4PVPlacement kullanilir.




Fiziksel Hacimler (Ornek)

G4VSolid* boxSolid= new G4Box(“aBox”, 1.0*m, 1.0*m, 1.0*m);
G4LogicalVolume* boxLogic = new G4LogicalVolume(boxSolid, boxMat, “logicBox”);

G4RotationMatrix* xRot = new G4RotationMatrix();
XRot->rotateX(M PI/4*rad);

G4ThreeVector yTrans(0., 1.*m, 0.);

//constructor 1
G4VPhysicalVolume* boxPhys = new G4PVPlacement(xRot, yTrans, boxLogic,
“physicBox”, motherLog, ©, copyNo, true);

//constructor 2
G4VPhysicalVolume* boxPhys = new G4PVPlacement(G4Transform3D(xRot, yTrans),
boxLogic, “physicBox”, motherLog, 0, copyNo, true);

//constructor 3
G4VPhysicalVolume* boxPhys = new G4PVPlacement(xRot, yTrans, boxLogic,
“physicBox”, motherPhys, @, copyNo, true);




G4PVPlacement(G4RotationMatrix* pRot, // rotation w.r.t. to mother volume
const G4ThreeVector& trans, // translation w.r.t. mother
G4LogicalVolume* pLog, // solid logical volume
const G4String& name,

G4LogicalVolume* pMLog, // mother logical volume

G4bool pMany, // not used
G4int copyNo, // set to @ for first volume of type
G4bool surfChk); // check for overlaps

// Shape 1

I’

G4Material* shapel_mat = nist-=FindOrBuildMaterial("G4_A-158_TISSUE");

Fizi ksel Hacim Ier (b rnek) G4ThreeVector posl = GAThreeVector(®, 2#cm, ~7xcm);

/f/ Conical section shape

G4double shapel_rmina = @.%cm, shapel_rmaxa
G4double shapel_rminb = @.%cm, shapel_rmaxb
G4double shapel_hz = 3.%cm;

-  m n - ‘Z:
129 G4double shapel_phimin = @.xdeg, shapel_phimax = 360.xdeg;
B1 Ornegl Iglnden: G4Cons* solidShapel = '

new G4Cons("Shapel”,

BlDetectorConstruction.cc shapel_rmina, shapel_rmaxa, shapel_rminb, shapel_rmaxb, shapel_hz,

L®CM;
LHCM;

nn
F S ]

shapel_phimin, shapel_phimax);

G4LogicalVolume= logicShapel =

new G4LogicalVolume(solidShapel, /fits solid
shapel_mat, //its material
"Shapel"); //its name
new G4PVPlacement (@, //no rotation
posi, //at position
logicShapel, //its logical volume
"Shapel”, //its name
logicEnv, //its mother wvolume
false, //no boolean operation
a, //copy number

checkOverlaps); //overlaps checking




Kisim 3:

Materyal Nesneleri ve
Yonetimi



Materyal Nesneleri ve Yonetimi

® G4 materyalleri tanim olarak sunlar olabilir; Izotoplar, Elementler, Bilesikler
(Compounds-Molecules), Alasimlar (Alloys)

isotopes elements molecules/ mixtures
compounds

® Fiziksel durumlari: Kati, sivi veya gaz olabilir. (Plazma yok!)
® Cesitli degerlerdeki basing, sicaklik veya yogunluk durumlarinda olabilirler.
® Sekildeki sirasiyla ve siniflart kullantlir.

® Karisimlar / Alasimlar bu 3 sinifin nesneleri kullanilarak olusturulabilir.



Materyal Nesneleri ve Yonetimi

® Kullanicilar kendi element (timi oldugu halde) veya materyallerini yaratabilirler.
® G4 girilen bir materyal icin sadece yogunluk (density) bilgisini zorunlu tutmaktadir.

® Geri kalan bilgiler opsiyoneldir: fiziksel durum, sicaklik, basing (Aksi belirtiimedigi
surece Standart kosullar gecerlidir.)

® Bazi anormal durumlar tanimlidir: Standart Kosul disindaki gazlar, yiksek basincta
katilar, cok dusuk yogunluklu sivilar ...vs.

® NIST Materyal veritabani kullanilabilir. Onemli bir kolayliktir!

® Tim taniml materyal listesi: http://geant4-userdoc.web.cern.ch/geant4-
userdoc/UsersGuides/ForApplicationDeveloper/html/Appendix/materialNames.html



http://geant4-userdoc.web.cern.ch/geant4-userdoc/UsersGuides/ForApplicationDeveloper/html/Appendix/materialNames.html

Materyal Nesneleri ve Yonetimi

G4 ile elementlerin kod ici tanimlanmasi:
® Materyalin atom sayisi, kiitle numarasi, yogunlugu verilmelidir.

G4double density = 4.506*g/cm3;
G4double a =47.867*g/mole;

G4Material* ti = new G4Material(“pureTitanium”, z=22, a, density);
®Vakum tanimlanmasi veya herhangi bir gazin ortama yerlestiriimesi:

G4NISTManager* manager = G4NISTManager::GetPointer;
G4Material* vacuum = manager->FindOrBuildMaterial(“G4 _Galactic”);



Materyal Nesneleri ve Yonetimi
G4 ile molekiillerin kod ici tanimlanmasi:

®Molekil atom sayisi, kitle numarasi, yogunlugu ve yapisi verilmelidir.

G4double a =1.01*g/mole;

G4Element* elH = new G4Element(“Hydrogen”, “H”, z=1, a);
a = 16.00*g/mole;

G4Element* elO = new G4Element(“Oxygen”, “O”, z=8, a);

G4double density = 1.0*g/cm3;

G4int ncomp = 2;

G4Material* H20 = new G4Material(“Water”, density, ncomp);
G4int nAtoms;

H20->AddElement(elH, nAtoms=2);

H20->AddElement(elO, nAtoms=1);



Materyal Nesneleri ve Yonetimi

G4 ile alasim / karisimlarin kod i¢i tanimlanmasi:

® Alagsimdaki elementlerin atom sayisi, kiitle numarasi, yogunlugu ve alasimin yapisi
verilmelidir.

G4Element* elC = ... ; // define carbon
G4Material* H20 = ...; // define molecule (previous page)
G4Material* Si0O2 =...; // define another molecule

G4double density = 0.20*g/cm3;

G4int ncomp = 3;

G4double fracMass;

G4Material* Aerog = new G4Material(“Aerogel”, density, ncomp);

Aerog->AddMaterial(SiO2, fracMass = 62.5*perCent);
Aerog->AddMaterial(H20, fracMass = 37.4*perCent);
Aerog->AddElement(elC, fracMass = 0.1*perCent);



Materyal Nesneleri ve Yonetimi

G4 ile izotoplarin kod ici tanimlanmasi:

® Aslinda tanimlanan elementler de dogal birer izotoptur. Yogunluk degerleri farkl girilse
bile dogal ¢okluguyla (abundance) kabul edilir.

® Dogal olmayan elementler ve farkli degerlerin girilmesi;

G4int z; G4int a;

G4lsotope™ u235 = new G4lsotope(“U235”, z=92, a=235,,
235.044*g/mole);

G4lsotope™* u238 = new G4lsotope(“U238”, z=92, a=238,,
238.051*g/mole);

G4lsotope sinifiyla hi¢c olmadiklari kabul edilerek turetildiler !



Materyal Nesneleri ve Yonetimi

G4 ile bilesiklerin kod ici tanimlanmasi:

® Ornek: Nukleer reaktoér igin uranyum yakiti (fuel)
G4int ncomp;

G4double abundance;

G4Element* enrichedU = new G4Element(“enrichedU”, ncomp=2);
enrichedU->AddIsotope(u235, abundance=5.0*perCent);
enrichedU->AddIsotope(u238, abundance=95.0*perCent);

G4Element* elF = new G4Element(“Fluorine”, “F”, 9., 18.998*g/mole);

G4double density;

G4Material* fuel = new G4Material(“NuclearFuel”, density = 5.09*g/cm3,
ncomp=2, kStateGas, 640*kelvin, 1.5e7*pascal) ;

fuel->AddElement(elF, 6);

fuel->AddElement(enrichedU, 1);



Kisim 4:
Fizik Listeleri
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Fizik Listesi

Fizik listeleri; ki temel tanimlamadan sorumludur:;
1. Benzetimdeki tum Parcaciklar 2. Parcaciklarin dahil oldugu surecler/etkilesimler
Fizik listeleri ile ilgili en az 3 zorunlu sinif tanimlamasinda yapilmalidir.

sinifinda uygulamanin en basinda fizik listelerinin nasil ele alinacagi
tanimlanmalidir.

Kullanicilar, benzetimin hangi fiziksel etkilesimleri icerdigi konusunda bilgi sahibi
olmalidir. Aksi takdirde; benzetimler GERCEKCI olamaz !!

“Fizik fiziktir. Geant4, standart olarak tum fizik etkilesmelerini icermelidir” gorusu neden
yanlistir?

1. Tum etkilesmeler icin hesaplama zamani ve performans sorunu vardir.
2. Etkilesmeler icin yapilabilecek farkh yaklagimlar ve kisitlamalar vardir.

3. Benzetimlerin yapilma amacinda belli etkilesimler baskindir/onemlidir.



Fizik Listeleri

Geant4 iceriginde yer alan fiziksel surecler:

® EM physics
— “standard” processes valid from ~ 1 keV to ~PeV
— “low energy” valid from 250 eV to ~PeV
— optical photons

® Weak interaction physics
— decay of subatomic particles
— radioactive decay of nuclei

® Hadronic physics
— pure strong interaction physics valid from 0 to ~TeV
— electro- and gamma-nuclear valid from 10 MeV to ~TeV



Fizik Listesi (G4VUserPhysicsList sinifi)

® Tum fizik listeleri bu sinif yoluyla turetilebilir.
— daha sonra runManager objesine kaydedilir. (registering)

* Omnek:  (|ass MyPhysicsList: public G4VUserPhysicsList {
public:
MyPhysicsList();
~MyPhysicsList();
void ConstructParticle();
void ConstructProcess();
void SetCuts();

¢ Kullanicilar su 3 methotu zorunlu olarak tanimlamalidir:

ConstructParticle, ConstructProcess, SetCuts



Fizik Listesi (G4VUserPhysicsList sinifi)

Tanimlanmasi gereken metodlar:

ConstructParticle() — Simulasyonda beklenen tum pargacik tanimlarini bu
metod ile yapiniz. Orn:

exPhysicsList: :exPhysicsList() : G4VModularPhysicsList() {
particlelList = new G4DecayPhysics() ;}

void exPhysicsList: :ConstructParticle () {
particlelList->ConstructParticle() ;}

ConstructProcess() — Her bir pargacik igin, tum fiziksel strecleri bu metodlar
icinde tanimlayiniz. Orn:

void exPhysicsList: :ConstructProcess () {
particleList->ConstructProcess() ;}

SetParticleCuts() — Menzil kesilimlerini ozellikle ikincil pargacik uretimleri igin
bu metod icinde tanimlayiniz. Orn:

void exPhysicsList: :SetCutForElectron (G4double cut) {
cutForElectron = cut;
SetParticleCuts (cutForElectron, G4Electron: :Electron()) ;}



Fizik Listesi (G4VModularPhysicsList sinifi)

® Geant4 kurulumuyla gelen hazir fizik listelerinin eklenmesini saglar.
® Daha basit ve giivenilir bir yontemdir.

® Dezavantajlari; benzetim amacina uygun olmayan etkilesimlerin de dahil olmasi, hata
alma durumunda duzeltmenin zorlugu, optimizasyon zorlugu

® G4VModularPhysicsList 6zellikleri;

=G4UserPhysicsList sinifindan turetilir.
=AddTransportation() metodu otomatik tum kayitli parcaciklari cagirir

=Fizik modulleri tanimlanabilir: EM fizigi, Hadronik fizik, Optik ....vs.

® Fizik listesi paketini oldugu gibi dahil etmek yerine kod icinde Constructor ve SetCuts
metodlari duzenlenebilir.



Fizik Listesi (G4VModularPhysicsList sinifi)

Constructor:
MyModPhysList: :MyModPhysList(): G4VModularPhysicsList() {

defaultCutValue = 0.7*mm;
RegisterPhysics(new ProtonPhysics() );

// all physics processes having to do with protons
RegisterPhysics(new ElectronPhysics() );

// all physics processes having to do with electrons
RegisterPhysics(new DecayPhysics() );

// physics of unstable particles

}

SetCuts:
void MyModPhysList::SetCuts() { SetCutsWithDefault(); }



Fizik Listesi (Paketler)

® There are currently 19 packaged physics lists available

- but you will likely be interested in only a few, namely the
“reference” physics lists

- many physics lists are either developmental or customized in some way, and so not
very useful to new users

¢ All but one of the packaged physics lists use templates

- the LBE physics list is the old-style “flat” list without templates
or physics builders

® 6 reference physics lists:
 FTFP_BERT, FTFP_BERT_HP
e QGSP_BERT, QGSP_BERT_HP, QGSP_BIC - QGSP_FTFP_BERT



Fizik Listesi (Paket Isim Kisaltmalari)

® The following acronyms refer to various hadronic options
* QGS -> Quark Gluon String model (>~20 GeV)

* FTF->Fritiofstringmodel(>~5GeV)

* BIC -> Binary Cascade (<~ 10 GeV)

 BERT -> Bertini-style cascade (<~ 10 GeV)

* HP -> High Precision neutron model ( < 20 MeV)

* P -> G4Precompound model used for de-excitation

®* EM options designated by

* no suffix : standard EM physics

« EMV suffix : older but faster EM processes
» other suffixes for other EM options



Fizik Listesi (Referans Fizik Listeleri)

* FTFP_BERT
— recommended by Geant4 for HEP
— contains all standard EM processes
— uses Bertini-style cascade for hadrons < 5 GeV
— uses FTF (Fritiof) model for high energies ( > 4 GeV)

* QGSP BERT

— all standard EM processes
— Bertini-style cascade up to 9.9 GeV
— QGS model for high energies (> ~18 GeV) — FTF in between

* QGSP_BIC
— same as QGSP_BERT, but replaces Bertini cascade with Binary
cascade and G4Precompound model
— recommended for use at energies below 200 MeV (many medical applications)



Fizik Listesi (Referans Fizik Listeleri)

* FTFP_BERT HP
— same as FTFP_BERT, but with high precision neutron model

used for neutrons below 20 MeV
— significantly slower than FTFP_BERT when full thermal cross sections used (

there’s an option to turn this off )
— for radiation protection and shielding applications

¢ Shielding
— based on FTFP_BERT HP with improved neutron cross sections
from JENDL
— bejer ion interactions using QMD model
— currently used by SuperCDMS dark matter search
— recommended for: — shielding applications — space physics — HEP



Fizik Listesi (Referans Fizik Listeleri)

® FTFP_INCLXX, FTFP_INCLXX_ HP
— like FTFP_BERT, but with BERT replaced by INCL++ cascade model

¢* QBBC
— uses both BERT and BIC cascade models
— latest coherent elastic scattering
— neutronXS models (faster CPU-wise)

* QGSP_BIC HP
— same as QGSP_BIC, but with high precision neutron model used
for neutrons below 20 MeV
— recommended for radiation protection, shielding and medical applications



Fizik Listesi (Referans Fizik Listeleri)

Ne zaman, hangi fizik listesi kullanmali ??
® EgJer ana parcacik enerjiniz 5 GeV altindaysa; (Orn: klinik proton i1sini ~

150 MeV olabilir)
- BIC veya BERT iceren bir fizik listesi tercih ediniz.
- Orn: QGSP_BIC, QGSP_BERT, FTFP_BERT ....vs.

® Eger “neutron transportation” onemliyse;
— HP kisaltmasi igeren bir fizik listesi secin
— Orn: QGSP_HP, QGSP_HP, FTFP_HP ....vs.

® Bragg Egrileri elde etmek icin EMV veya EMX kisaltmali fizik listelerini secin.
® Radyoaktif bozunum, Optik foton transport, detayli spektrumlar icin LBE kisaltmali
fizik listelerini segin.



int main(int argc,char** argv)

{
6 k // Detect interactive mode (if no arguments) and define UI session
rne //

G4UIExecutive* ui = 0;
if ( argc == 1) {
ui = new G4UIExecutive(argc, argv);

}

// Choose the Random engine
G4Random: :setTheEngine(new CLHEP::RanecuEngine);

Ornek: exampleB1.cc e
- onstruc e derau run manager
dOSyaSInda tanlmlanan #i-/Fée-F GAMULTITHREADED

G4AMTRunManager* runManager = new G4MTRunManager;

fizik listesi objeleri ve relse

.o . G4RunManager* runManager = new G4RunManager;
digerleri endif

// Set mandatory initialization classes

// Detector construction
runManager->SetUserInitialization(new BlDetectorConstruction());

// Physics list

physicsList->SetVerboselLevel(1l);
runManager->SetUserInitialization(physicslList);

// User action initialization
runManager->SetUserInitialization(new BlActionInitialization());
// Initialize visualization

G4VisManager* visManager = new G4VisExecutive;

// G4VisExecutive can take a verbosity argument - see /vis/verbose guidance.
// G4VisManager* visManager = new G4VisExecutive("Quiet");
visManager->Initialize();

// Get the pointer to the User Interface manager

G4UImanager* UImanager = G4UImanager::GetUIpointer();



http://exampleb1.cc/

Kisim 5;

Geant4 Ornekleri ve
Dokumanlari



G EANT4 Download | User Forum

A SIMULATION TOOLKIT Contact Us | Gallery

Overview

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 three main reference
papers for Geant4 are published in Nuclear Instruments and Methods in Physics Research A 506 (2003) 250-303#, IEEE
Transactions on Nuclear Science 53 No. 1 (2006) 270-275# and Nuclear Instruments and Methods in Physics Research
A 835 (2016) 186-225¢7.

'User Support ublications Collaboration

Applications

“x,_lxl..m- e
F

A sampling of Getting started, guides Who we are: collaborating

applications, and information for institutions,
technology transfer and § users and developers members, organization and legal
other uses of Geant4 information

printer-friendly version

Events

+ First Geant4 Tutorial Workshop in Sao Paulo&, Sao Paulo (Brazil), 4-8 February 2019.
+ Geant4 Advanced Course @ CERNG, CERN (Geneva), 26-27 March 2019.
o ENSARZ workshop: Geant4 in nuclear physics &, at CIEMAT, Madrid (Spain), 24-26 April 2019.

Collaborator Login

News

* 7 Dec 2018
Release 10.5is
available from
the Download area.

o 25 May 2018
Patch-02 to release
10.4 is available from
the source
archive & area.

e 20 Oct 2017
Patch-03 to release
10.3 is available from
the source
archive area.

e Geant4 Course at the 16" Seminar on Software for Nuclear, Sub-nuclear and Applied Physics#, Porto Conte, Alghero (ltaly), 26-31 May 2019.

® Geant4 kullanimi igin

onerilen ilk basvuru
kaynagi;
www.geant4.org



http://www.geant4.org/

Geant4 Ornekleri ve Dokiimanlari

® User Documentation: User’s Guides kisminda yer alan kitapgiklar
1. Installation Guide
2. User’s Guide: For Application Developers
3. User’s Guide: For Toolkit Developers
4. Physics Reference Manuals
5. Physics List Guide



http://www.geant4.org/geant4/support/user_documentation

G4 kurulum klasorii: | | geant4.10.02.p02

TXT
CMakeLists.txt

examples LICENSE

G4Py (Python araylizi) ve G4
MOMO (Java) araylzu icerir.

environments

Tdm .gmk uzantili dosyalar
(makefile icin gerekli)

ORNEKLER BURADA !!!

G4 dosyalarinin cmake ile
kurulumlariicin gereken

dosyalar
G4 kodu kaynak dosyalari (Tim

modydiller)



® EXAMPLES:
1. BASIC
2. EXTENDE
3. ADVANCED

G4 yazilimi bu
kisimda sunulan
50°’den fazla

ornek icerir.

README
aciklamalari !!

ExampleB2a / B2b

- Simplified tracker geometry with global constant magnetic field

- Geometry with placements (G4PVPlacement) and parameterisation
(G4PVParameterisation)

- Scoring within tracker via G4 sensitive detector and hits
- Geant4 physics list (FTFP_BERT) with step limiter

ExampleB3
- Schematic Positron Emitted Tomography system

- Geometry with simple placements with rotation (G4PVPlacement)
- Radioactive source - Scoring within Crystals via G4 scorers

- Modular physics list built via builders provided in Geant4

ExampleB4
- Simplified calorimeter with layers of two materials - Geometry with replica
(G4PVReplica)
- Scoring within layers in four ways: via user actions (a), via user own
object (b), via G4 sensitive detector and hits (c) and via scorers (d)
- Geant4 physics list (FTFP_BERT)
- Histograms (1D) and ntuple saved in the output file

ExampleB5

- A double-arm spectrometer with wire chambers, hodoscopes and calorimeters
with a local constant magnetic field

- Geometry with placements with rotation, replicas and parameterisation

- Scoring within wire chambers, hodoscopes and calorimeters via
G4 sensitive detector and hits - Geant4 physics list (FTFP_BERT) with step limiter

- Ul commans defined using G4GenericMessenger

- Histograms (1D, 2D) and ntuple saved in the output file




*EXAMPLES..
1. BASIC
2. EXTENDED

3. ADVANCED

analysis/

biasing/
common/
electromagnetic/
errorpropagation/
eventgenerator/
exoticphysics/
field/

g3toga/
geometry/

hadronic/

medical/

optical/

parallel/
parameterisations/
persisitency/
polarisation/
radioactivedecay/
runAndEvent/

visualization/




®*EXAMPLES: G4 yazilimi bu kisimda sunulan 50’den fazla 6rnek icerir.

1. BASIC
2. EXTENDED
3. ADVANCED

amsEcal/
Brachytherapy/
ChargeExchangeMC/
Composite calorimeter/
Dnaphysics/
Dnageometry/
Gamma-knife/
Hadrontherapy/
iort_therapy/

Medical linac/

Microbeam/
Microdosimetry/
Microelectronics/
Nanobeam/

Purging magnet/
Radioprotection/
RICH/

Underground physics/
X-ray fluorescence/

X-ray telescope/




® EXTENDED > HADRONIC (01 -06) g e 52
Herhangi bir ¢cekirdegin orijin noktasinda hedefe Geant4 Segllmls Ornekler
konularak hadronlarla bombardiman edilmesinin
benzetimi yapilmaktadir.

® TUm temel parcaciklar / iyonlar ve referans fizik

listeleri kullanilabilir.

Cikti olarak root formatinda tesir kesiti, ikincil
parcaciklarin enerji spektrumu, pozisyonu ve
Isinimlarin dagilimlari elde edilir.

Neutron-hp icin Fission Fragment modeli de
eklenmistir. (Su bazli geometride fisyon urinu
icerme kabiliyetini gostermektedir.)

Geometrisi basit kutu icinde hedef ¢ekirdekler
yerlestirilerek saglanir.

Detektor (ornege bagli) hedef etrafina yerlestirilen
tup seklinde 0.5 cm ayritlarinda yuzeylerdir. (SD
Materyal eklenmemis) .




®EXTENDED > RADIOACTIVE DECAY RO01

Herhangi bir cekirdegin radyoaktif bozunumunun

temel ciktilarini (enerji spektrum, zaman, aktivite)
veren ornektir.

® Tam parcaciklar ve iyonlar geantinodur. (ener;ji
kaybl yasanmaz.

® PhysicsList.cc icinde
tanimlamalari parcaciklari ve
surecleri tanimilar.

® /rdecay@l/fullchain [True/False] ile
bozunum kanali acar/kapanir. Tekil bozunum saglar.

® Geometrisi basit kutu igcinde sonsuz homojen ortam
ile saglantr.



®*EXTENDED > RADIOACTIVE DECAY R02

Herhangi bir ¢cekirdegin radyoaktif bozunumunda secilen
bozunum kanallarini, zaman penceresi, bias ve varyans
dusurme teknigi kullanarak verir.

® Tim parcgaciklar ve ionlar geantinodur. (enerji kaybi
yasanmaz.
® PhysicsList.cc icinde ile hem
radyoaktif izotoplarin hem de etkilesimlerde olusan Uk
cekirdeklerin bozunumlari ele alinir. L
o
® /grdm/selectVolume Target ile kullanici hedeflenen ;‘..gg__{
(bozunum) hacimi sinirlandirabilir. @
® Etkilesimlere EM ve Hadronik siregler de eklenmistir. { 33
° A8 ! |

Genis bir Csl silindirik kutu icinde merkeze yerlestiriimis
klUcuk tup seklinde 2 cm x 5 cm bir Ge detektora vardir.




® ADVANCED > GAMMA RAY TELESCOPE

G4 ile Uzay Uygulamasina 6rnek olabilecek
calismadir. (Cirrone, PhD - INFN-LNS (ltaly) )

® Detektor; yiiksek performansli veri alabilen silikon
dlzlemsel izsurucu (tracker) seritler ile tasarlanmistir

® Detektor tracker disinda, Csl kalorimetreye ve anti-
cakisma sistemine sahiptir.

® Eneriji, 3B pozisyon ve zaman hitleri ASCII formatinda
alinabilmektedir.

® Histogramlama test asamasindaki Lizard sistemi
kullanilarak yapilmis.

® NASA tarafindan uzaya 2008’de firlatilan Fermi
Gamma Ray teleskopu super-nova, pulsarlar,
karadelikler hakkinda veri ulastirmaktadir.
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® ADVANCED > HADRON THERAPHY  viewer-0 (OpenGLstored

(CATANA)
Proton demet hatti uzerinde kurulmus goz

tedavisine yonelik sistemin benzetimidir.

firstCollimator

NozzleSupport
rass

® IAEA (voxelized) standart geometri ile su S
fantomu icinde detektor tasarimi. | rve S D WD] ]
® Referans fizik listelerini ve iyon-iyon Detector

etkilesimleri icin yerel (0zel) fizik listelerini
kullanmaktadir.

® Doz, LET ve RBE ciktilari alinabilir.

® INFN laboratuvarlari (LNS ve TIFPA)
tarafindan olusturulmus/kullaniimaktadir.

A dedicated class to the modulation system
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Monte Cario
Simulation



® ADVANCED > HUMAN PHANTOM

Tat : MIRD Female Phanto ith ticle track
G4 icin Antropomorfik kadin ve erkek fantom M WITh parficie tracks

benzetimi yapilimistir.

® Yaklagimlara dayali MIRD ve ORNL
modelleri igin ayri benzetimler.

® GDML yoluyla geometriler implemante
edilmistir.

e
i

® Standart fizik stirecleri EM ile kullaniimis

“-‘ll -

® Y{iklG pargaciklar, gamm ve geantino dahil
edilmistir.

® INFN - LNG laboratuvari tarafindan
kullaniimak tzere uretilmistir.
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® G4 HyperNews Forumlari: (hypernews.slac.stanford.edu) G4 ile ilgili tim
cikmis problemler ve cozumleri icin en yetkin adrestir.

GEANT4 at hypernews.slac.stanford.edu Forum List by Category

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 DNA/MNery Low Energy Electromagnetic Processes Fast Simulation, Transportation & Others = Hadronic Processes
Processes Involving Optical Photons

This site runs SLAC HyperNews version 1.11-slac-98, derived from the original HyperNews


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

Tesekkurler!
Uygulama: Geant4 ile bir
ornegin materyal ve
geometrilerini degistirerek
calistiriniz.



