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® Geant4, C++ polimorfizmi ve nesne yonelimli programlamasi sayesinde
asagidaki basliklarda kullanicilara kendi tanimlamalarini yapmalari saglar.

®Geant4 ile dogrulugu ispatlanmis disiplinler-arasi 6rnekler de yapilmistir.

(Bknz: ilerleyen sayfalar) Hedef
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Framework .




®Geant4 icin ilk fikirler 1994 yilinda San Francisco c¢alistayinda ortaya
atilmistir.

="“Geant steps into the future” R. Brun et al.

= “Object oriented analysis and design of a GEANT based detector
simulator” K. Amako et al.

® Aralik 94 - R&D calismalara baslandi.

®*Nisan 97 - ik alpha dagitimi

®Temmuz 98 - Ik beta dagitimi

® Aralik 98- Ilk Geant4 resmi yayini ver:1.0

®*Neredeyse her sene yeni bir dagitim ¢gikmaktadir. (Orn: v.10.1, v.10.2...)
®*Mart 2015 - Geant4 v:10.0 dagitimi /@y

®*Mart 2022 - Geant4 v:11 dagitimi versiyon!

~__




Geant4 Gecmisi ve
Kullanim Alanlari

®Hadronik Fizik
®*YEF Uygulamalari

® Elektromagnetik Fizik
Uygulamalari

®Uzay Caligsmalari / Uydu
Teknolojileri

®DNA Olcekli Geneti
Calismalar

®Saglik Fizigi Uygulamalari

SPECT, PET, CT)
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Geant4 Hadranic Physics

Hadronic interactides involve three makf regimes : high energy, with string
models (Quark Gluon| String |QGS), Fritiof [FTF]), imermediate energy, with intra-
cascade mogels (Bertind [BERT], Ginary [MC]), and low energy, with
precompound, Fermi, bresk-up, fission/evagoration, capture at rest models and
radioactive decays. From 20 MeV down to thermal energy neutrons ace handled

ﬁ by means of cross-section databases, with the High Precision [HP] package.
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Geant4 Electromagnetic Physics

The electromagnetic physics covers interactions of gammas, muons and

electrons, and onisation of ol charged perticles. A “standard” package offers an

Implementation suited for applications disregarding effects below » few ~10 ke,

and 8 “ow energy” one provides spproaches (Lvermore, Penelope) for more

acoarsve modeling of stomic shell effects lfowing simulation down to ~250 eV A

P wery low extension, Geantd-ONA, includes particie-malecule effects for an energy
mit of ~10 e¥. The same approach is developed for siicon.
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{29875 G. D'Agastinl of of, NIM A, 274, 134, (258541,

Comparison of Geants energy oss models with ALCE test-deam 6aca (D Amarchvt et o,
NI A, 383, $51-580 (2008 9. Christiansen ef o, . 1 Mod Phys. &, 14, 2457.2462 (20070,
Compuarisnn of anguiar G tation wieth (DIta/MC 1 ] for various macerials after trawersing
Various Mmaterial DNCINesses, Gata from Sectron scamerng berchmark (C. Ross et al, Med.
Phys, 35, 4121, 2008)

AQUITAINE DNA Scale Level Simulation

Project initiated by the ESA, in view of manned mission to Mars: it is 2 bottom-
up approach of dosimetry. Physics processes are extended down to 2 few oV,
based on partice ~' molecde cross-sectiohs. The appeoach ks applied also o
slicon, for accurate skulation of Single Upsit Events.
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A Monte Carlo toolkit for passage of particles through matter R

HEP Applications

High [rargy Physics has been the first damain to use feartd in production, with
the Baber experiment. LHC experiments have been iusing Geantd in detector pa— -
design and are using It In physics smalysis. Geantd s Mso the simulation engine ﬁ"i |
choice of the rext generation of electron machines, |

The CMS detector \)

U

esponding to the simulation needs of the LHC era, With the Miggs boson
hunting, had been the initial motivation of the crestich of the proto-Geantd
project, AD44, in 1994,

Space Applications o
Asplications of Geartd in space cover planetary sclle simulation for sol level i < {— > [
media activation stadies, sof composition through X-vley re-emission, space ship
simulation for radioprotection and electronk single, event upset predictions,
electronic chip scale simulation for accurate understanding of single event upset
generation. It indudes also underground, ground level or satellite cosmic ray

wiperiments simudation.
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Events / 30 MeV

» Detector design
« Calibration / alignment
« First analyses

GEANT4 Comparisons with the Calorimeters
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Invariant mass of pairs of well-isolated
electromagnetic clusters.

The n° mass is within 0.8 + 0.6% of
expectations.

The n% mass is within 3 £ 2% of
expectations.

The detector uniformity is better than 2%.

Normalized

T. LeCompte (ANL)

Response of the calorimeter to single
isolated tracks. To reduce the effect of
noise, topological clusters are used in
summing the energy.

This plot agreed better than we ever
expected. (I sent the student who made it
back to make sure that they didn’ t
accidentally compare G4 with G4.
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ATLAS Preliminary & |

ey Figures from CMS



Elde edilmesi gug¢ olan
dagilimlardan biri Kayip Enine
Enerjidir.

Detektor ile etkilesmeyen
notrino, karanlik madde yada

| bilinmeyen pargaciklarin
T T ™ ., enerjilerinin benzetimi

g7 cevi yapilmigtir. Deneysel uyum

mukemmele yakindir.
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A GEANT4 event.




y astrophysics

y-ray bursts

BeppoSAX Observation of Gamma-Ray Burst
on February 28, 1997

+1200

50236 50209° 501"42° 501"5°
Courtesy of Fabrizio Fiore and the BeppoSAX Team

Typical telescope:
Tracker
Calorimeter
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Geant4 in space

For e e d % R
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International Space Station
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N\ PlanetoCosmics

l ol A
-g Geant4 simulation of Cosmic Rays Tl

in planetary Atmo-/Magneto- spheres

28th International Cosmic Ray Conference

— 4277 Cutoff Rigidities vs position

Geant4 Simulation of the Propagation of Cosmic Rays
through the Earth’s Atmosphere

L. Desorgher, E. O. Fhickiger., M. R. Moser, and R. Butikofer
Physikalisches Institut, University of Bern, CH-3012 Bern, Switzerland

R [GV]



Time evolution of the activation background

Comparison with Geant4

1 hour r irradi
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®3 MeV enerijili alfa pargaciklarinin yiiksek ¢ozindrlikli hiicresel fantom
icindeki 1simasi : “Single Cell Irradiation”

®0.36 x 0.36 x 0.16 mikron? voxel boyutu ve 64 x 64 x 60 px ¢oziunurlik
®Courtesy of Sebasien Incerti (IN2P3-CNRS / CENBG)




“Geant4 Applications for Modeling Molecular Transport in
Complex Vacuum Geometries.” J.Singal, J. Langton, R.
Schindler, Int J Mod Sim Sci Comp, in press (arXiv:1302.2963)
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Geant4 Kurulumu

« Kaynaktan kurulumu sistem yapisina gore 30 dk. ile 2 saat arasinda
surmektedir!!

» Isletim Sistemi: Linux / Unix, Windows (Visual Studio 20XX)

 Minimum Gereksinimler: CMake v > 3.3, Gece [c++] v >4 , CLHEP:
2.4.1.0, Expat 2.0.1 ve gorsellestirme suruculeri®

» Gorsellestirme Suruculer: Asagidakilerden biri yeterlidir:
Qt4, OpenGL, MesaGL, X11/XQuartz, Motif Ul

* Ayrintilar:
https://geant4-userdoc.web.cern.ch/UsersGuides/InstallationGuide/html/

Bazi paket yoneticiler ile hizli kurulum icin:
Spack, HomeBrew, Conda, Macports, CVMFS



https://geant4-userdoc.web.cern.ch/UsersGuides/InstallationGuide/html/

Geant4 Kurulumu

$ mkdir geant4.10.05-build

$ cd /path/to/geant4.10.05-build

$ ccmake -DCMAKE_INSTALL_PREFIX=/path/to/geant4.10.85-install /path/to/geant4.10.05
veya

( $ cmake -DCMAKE_INSTALL_PREFIX=/path/to/geant4.10.05-install /path/to/geant4.10.05 )

$ make install

curibe@mirgserver:~/Programs/GATE /geant4.9.5.p01-build

CMAKE_BUILD_TYPE Release

CMAKE_INSTALL_PREFIX JGATE/geantd4.9.5.p01-1nstall
GEANT4_USE_G3T0G4

GEANT4_USE_GDML

GEANT4_USE_INVENTOR

EANT
CCMake Kurulum S el
Ekranl GEANT4_USE_RAYTRACER_X11

GEANT4_USE_SYSTEM_CLHEP
GEANT4_USE_XM
QT_QMAKE_EXECUTABLE

CMAKE INSTALL PREFIX: Install path prefix, prepended onto install directories.
Press [enter] to edit option CMake Version 2.8.8
Press [c] to configure

Press [h] for help Press [gq] to quit without generating

Press [t] to toggle advanced mode (Currently Off)




G4 erigimini
mumkadn kilar

GEANTA4 ile Calismak

$ source geant4make.s

GAABLADATA="/Users/kuday/geantd4/build/data/G4ABLA3. 0"
GAENSDFSTATEDATA="/Users/kuday/geantd4/build/data/G4ENSDFSTATEL.2.3"
G4INCLUDE="/Users/kuday/geantd4/geant4.10.02.p02/this_is_a_deliberate_dummy_path"
GAINSTALL="/Users/kuday/geantd/geant4.10.02.p02"
GALEDATA="/Users/kuday/geantd4/build/data/G4EMLOWG. 48"
G4LEVELGAMMADATA="/Users/kuday/geant4/build/data/PhotonEvaporation3.2"
GALIB="/Users/kuday/geantd4/build/BuildProducts/Llib"

G4LIB_BUILD_SHARED="1"
GALIB_USE_EXPAT="1"
G4LIB_USE_ZLIB="1"
GANEUTRONHPDATA="/Users/kuday/g
GANEUTRONXSDATA="/Users/kuday/geant
G4PIIDATA="/Users/kuday/geantd4/build/d
G4RADIOACTIVEDATA="/Users/kuday/geantd4/bul
GAREALSURFACEDATA="/Users/kuday/geant4/build
GASAIDXSDATA="/Users/kuday/geant4/build/data/G4
G4SYSTEM="Darwin-clang"
GAUI_USE_TCSH="1"

G4VIS_USE_OPENGLX="1"
GAWORKDIR="/Users/kuday/geant4_workdir"

4/build/data/G4ANDL4.5"
1ld/data/GANEUTRONXS1.4"

4PII1.3"
ta/RadioactiveDecay4.3.2"
alSurfacel.0"

Tanimli olmasi gereken
degiskenler cevresel tanimlanir.

*source geantdmake.sh komutu .bashrc / .profile gibi ¢ekirdek konfigiirasyon betiklerine eklenerek
acilista calismasi saglanabilir.



llk Ornegin Derlenmesi

Ornegi kaynak

— . dosyasindan dizine
$ cp -r geant4/geant4.10.02.p@2/examples/basic/Bl . ——-—" kopyalar.
$ cd B1 =
$ make s T
Making dependency for file exampleéi:EE‘Iit;:t:~t::if:“"**1A-¥,,a < — O~
Making dependency for file src/BlSteppingAction.cc ... T —— o
Making dependency for file src/BlRunAction.ccC ... o — GNumakef”e
Making dependency for file src/BlPrimaryGeneratorAction.cc ...
Making dependency for file src/BlEventAction.cc ... dosyaSI Qa|'$'r-

Making dependency for file src/BlDetectorConstruction.cc ...
Making dependency for file src/BlActionlnitialization.cc ...
Compiling BlActionInitialization.cc ...

Compiling BlDetectorConstruction.cc ...

Compiling BlEventAction.cc ...

Compiling B1PrimaryGeneratorAction.cc ...

Compiling BlRunAction.cc ...

Compiling B1SteppingAction.cc ...

Creating shared library /Users/kuday/geant4_workdir/tmp/Darwin-clang/exampleBl/libexampleBl.dylib

Compiling exampleBl.cc ...
Using global libraries ...
Linking exampleBl

+++ Done!

$ exampleBl
veya ($ ./exampleBl)




Geant4 Hizli Kurulumu

Daha hizli bir kurulum Geant4 tabanli calisan bazi uygulama paketlerinin sanal
sistemde (Virtual Machine) kurulumu ile gerceklestirlebilir. (Egitim amach)
ORNEKLER:

1. GATE -> vGATE : www.opengatecollaboration.com

2. GAMOS : https://sites.dartmouth.edu/optmed/research-projects/monte-carlo-
software/

3. Geant4 VM: https://extra.lp2ib.in2p3.fr/G4/



http://www.opengatecollaboration.com/
https://sites.dartmouth.edu/optmed/research-projects/monte-carlo-software/
https://sites.dartmouth.edu/optmed/research-projects/monte-carlo-software/
https://extra.lp2ib.in2p3.fr/G4/

Geant4 Terminolojisi

®Run, event, track, step, step point

®*Track (Iz) <-> Trajectory (yoriinge), step <-> yériinge noktalari

Normalde tim izler, sifir kinetik

®Process (At rest, along step, post step)

enerjiye kadar izlenir.

® Cut = production threshold (Uretim Esik Degerleri)

® Sensitive detector (SD) , score, hit, hits collection SD: Detektorin read-out

parcalarinin benzetimidir. (Sinif ismi)

® Multithreaded

Kodu, cok islemcili sistemlerde calistirmak

icin bolimlere ayirmak (threaded)




C++ Obje Yonelimli Programlama (Sinif Yapisi)

class objects methods keyword user-defined name
clas*s CIassNamg
{ Access specifier: //can be private public or protected
""" Car e, Data members; // Variables to be used

PO

Member Functions() {} //Methods to access data members

Y // Class name ends with a semicolon

class CCar

{
private:
int m_iNumberOfBolts;
o CCar Mercedes; Mercedes.GetCurrentSpeed();
int m_iCarCurrentSpeed; Ccar BmW; BmWGetcurrentSpeed(); ‘ «O»
O CCar Audi; Audi.GetCurrentSpeed();
{
n_iCarCurrentSpeed =~ 0;
 ddilts = T8 Bmw.OpenBaggageDoor(); mmmm) ERROR: Undefined method in class !!!
)
protected: <Sinif Adi> Obje Adi;

int m_iCurrentCarGear;
int GetCurrentSpeed() {return m_iCarCurrentSpeed;} 22

’



Geant4 Terminolojisi (RUN)
® Run: Calisma (Kosma)

® Gercek deneylerde; deney sisteminin yeterince 6lgiim alincaya kadar calistirilarak
isletiimesi suresine bir calisma (run) denir.

® Benzetimlerde de ayni terminoloji kullanilir.

® Geant4 icin “BeamOn” komutu calismay! baglatan komuttur.

® Benzetimlerde tek ¢alisma bir olay donglisiiniin gerceklestigi araliktir.
® GARunManager sinifi galismanin yonetimini ve temsilini saglar.

® G4Run sinifi kullanici tanimli galismalarin tiiretiimesini saglar. (Bir calisma objesi o
calismadaki 0zet bilgileri icerebilir.)

® GARunUserAction opsiyonel olarka kullanilabilir.



Geant4 Terminolojisi (EVENT)

® Event: Olay - G4 benzetiminin en kiiclik birimidir.

® Benzetim basladiginda oncul (primer) izler birlestirilerek istiflenir.
® [stiflenen izler tek tek ele alinarak ikincil (sekonder) izler belirlenir.
® Elde edilen tiim izlerin istiflenmesi bitinceye kadar islem devam eder.
® Boylece “Tracking” islemi yapiimis olur.
® G4AEvent sinifi tek bir olayi temsil eder. Islem sonunda asagidaki nesnelere sahip olur
Input: Oncll késeler (primary vertices) ve parcacik listesi
a Output: Hit sayilari ve Yorungeler (Trajectories)

® G4AEventManager sinifi bir olayin Uretilmesini yonetir. Opsiyonel olarak kullanici tanin
olaylar G4UserEventAction ile yonetilir.

Bir olay, detektorde birgok Hit’e karsilik gelebilir !!



Geant4 Terminolojisi (TRACK)

® Track: Iz - G4 iginde bir parcacigin anlik (ekran) gortntusudyr.

® Parcacigin o an igindeki kisa zaman araligindaki fiziksel miktaridir.

® Step tanimiyla karistirimamalidir.

® izler hizlica islemlenir ve kinetik enerijisi sifira disince silinir.

® Geometrilerin disina ¢ikan, bozunmaya ve carpismaya ugrayan izler de silinebilir.

® G4Track sinifi tek bir izi temsil eder. Bir olayin bitiminde hicbir iz nesnesi devam
edemez.

a Tum izlerin kaydedilmesi ile yorunge (trajectory) sinifi olusur.

® G4ATrackingManager sinifi bir izin Uretilmesini yonetir. Opsiyonel olarak kullanici tanii
izler G4UserTrackingAction ile yonetilir.



Enerji kaybi ve ToF

Geant4 Terminolojisi (STEP)

® Step: Adim - G4 icinde bir parcacigin delta bilgisini tasir.
® Adim uclarindaki noktalar boyunca hacim ve materyal bilgisi tutulur.

® Eger noktalardan birisi sinira denk geldiyse; sonraki hacime ait olarak kaydedilir.
® GAStep sinifi tek bir adimi temsil eder.

® G4SteppingManager sinifi bir adimin Uretilmesini yonetir. Opsiyonel olarak kullanici
tanimh adimlar G4UserSteppingAction ile yonetilir.

Boundary

Step

Post-step point
. Pre-step point



Geant4 Terminolojisi (TRAJECTORY)

® Trajectory: Yoriinge - G4 iz bilgisinin kaybolmadan depolandidi siniftir.

® Adim uclarindaki noktalar boyunca hacim ve materyal bilgisi tutulur.

® G4Trajectory sinifi tek yoriinge olusumunu temsil eder.
@ G4 Track nesnesinin bazi bilgilerini kopyalar.

® G4TrajectoryPoint sinifi yoriinge noktasinin olusumunu temsil eder.
@ G4Step nesnesinin bazi bilgilerini kopyalar.

® G4Trajectory nesnesi G4 TrajectoryPoint sinifindan bir vektore sahiptir.

® Event islemleme sonucunda, G4Events nesnesi bir dizi G4Trajectory nesneleriyle dolar
(dolmalidir) (/tracking/storeTrajectory must be set to 1)

® Programlarin gok fazla miktarda yoriinge depolamamasina dikkat edilmelidir. Hafiza ve
iIslemleme yavaslayabilir !!



Geant4 Terminolojisi (PARTICLE)

Particle: Parcacik - G4 icinde 4 farkli sinif yoluyla tanimlanir:

GATrack sinifi;

a Pozisyon, geometrik yapi .vs.
a Bu sinif izi alinacak parcgaciga iliskilendirilmis olmalidir.

G4DynamicParticle sinifi;
a Momentum, enerji, spin gibi parcacigin dinamik ozellikleri saklanir.
a Her G4 Track nesnesinin kendi G4DynamicParticle nesnesi vardir.
a Tekil (bireysel) olarak parcacigin temsil edildigi siniftir.

G4ParticleDefinition sinifi;

&

a G4ProcessManager nesnesine ait G4ParticleDefinition nesnesi var.

YUk, katle, bozunum kanali ...vs. gibi statik bilgiler saklar.

a G4ParticleDefinition tip1 <

> G4DynamicParticle dtip1, dtip2..vs.



Geant4 Terminolojisi (SD

® Verilen geometride, fizik etkilesimleri olup izler Uretilirken ve olaylar ortaya c¢ikarken
detektore ulasan sadece hit (entry) bilgisi vardir.

® Kullanicilar tim siirecten bilgi alabilmek icin 3 yola basvurabilir;
=Gomulu skorlama komutlarini kullanabilir.
=|zlenen hacim igin skorlama kullanabilir.

=Detektor read-out (sensoru) ile hitlerin sayimi yapiimaldir.
* Bu yontem icin G4VSensitiveDetector nesnesi bir hacme atanmalidir.

® Kullanici tanimli (kendi olusturdugu) sinif veya yontemleri de kullanabilir.

= Bknz. G4VUserTrackingAction, G4VUserSteppingAction



Geant4 Terminolojisi (UNITS)

® Dahili birim sistemleri G4 kodu iginde sakl olarak goriinir. Fakat kisaltmalar asikardir
(trivial)

® Birimlendirilmek istenen her sayi ilgili birim ismiyle ¢arpilir.
radius = 10.0 * cm;
Mass = 100.0 * GeV;
® DAnilslimi istenen birimler icin bolme islemi yapilir.
G4cout << eDep / MeV << “ [MeV]” << G4endl;

® Kullanici arayiiziinde /units/list komutu ile varsayilan birimler gorintilenebilir.

® Birimler belirtimezse varsayilan birimlerde cikti elde edilir.



Geant4 Terminolojisi (COUT / CIN)

® G4 tarafinda tanimli iostream nesneleri G4cout ve G4cin komutlari kullanilarak disa /
ice aktarilir.

Orn:
G4cout << “Merhaba Bodrum!!”” << Gendl;

Gdcerr ve G4endl de ihtiyaca gore kullanilabilir.

®Kullanicilarin std::cout / std::cin kullanmasi G4 kodu
icinde uygun degildir !l

®Dosya islemleri igin 1/0O bilinen C++ komutlari gecerlidir.

® G4cout ve G4cin komutlari 6zellikleri kaydedilen degerlerin takip edilmesi ve kodun
dogrulanmasi acisindan onemili olabilir!!



Geant4 Terminolojisi (PROCESS)

® main() calismasi sequantial mod icin;

main()

\

G4RunManager

G4EventManager

\

G4TrackingManager

G4SteppingManager




Geant4 Terminolojisi (PROCESS)

. .
main() g_all§mas_| | onlnl)
sequantial mod i¢in A
kullanici tanimli eylemler
(action) ile: G4RunManager | UserRunAction
G4EventManager 1 UserPrimaryGeneratorAction
UserEventAction
UserStackingAction
G4TrackingManager { UserTrackingAction

G4SteppingManager ——f UserSteppingAction




Geant4 Terminolojisi (main)

® Tipik bir G4 uygulamasinda; int main() icinde ;
> Geometrik kurulumu tanimlayin;
= Materyal ve Hacimler

> Fiziksel kurulumu tanimlayin;

= Parcaciklar, fiziksel etkilesimler, modeller ..

= Uretim esik degerleri
> Olay! ve olay dongusunu tanimlayin;

= Onciil izlerin (primary tracks) tretimi

= Olaylardaki size gerekli bilgileri kaydedin
> Ciktilarini uyun formatta yazdirin

> Gorsellestirme islemleri (opsiyonel)

.VS.
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® Bir 6rnegin derlendikten sonra makrosuz KU"BHICI Arayuzu (UI).

calistirllmasiyla kullanici arayuzu acilir. Eger

. . . exampleB1
gerekli sekilde ayarlandiysa pencere seklinde T Vvt o
g | viewer-0 (OpenGLStoredQt) |
d e a Q I I a b I I I r- Scene tree : viewer-0 (OpenGLStoredQt)
» ™ [] Axes
» ™ [] Date
sk ok SRk Sk ok K KK SRR K oK SR KK K K KKK KoK K SR SRoK Sk ok SRR oK K KRRk Sk ok Sk oK ::%%%zze
Geant4 version Name: geant4-10-02-patch-02 (17-June-2016) > [ LogozD
Copyright : Geant4 Collaboration . g{%iﬁe
Reference : NIM A 506 (2003), 250-303 » & [ Text2d
WWW : http://cern.ch/geant4 > @ [ Touchables

R RCK K R KRR SR K KR AR K K K AR K AR K AR ROK K R KRR KK KR K K K KR AR K oK Kok KoK K

Registering graphics systems...

You have successfully registered the following graphics systems.
Current available graphics systems are: 04

---------

exampleB 1

You have successfully registered the following user vis actions.
Run Duration User Vis Actions: none

Output

End of Event User Vis Actions: none Y TeTSCE e O RS TTer S
End of Run User Vis Actions: none Ivie/Seone ot eynanalors ) Celope O faise

/vis/viewer/set/style surface
/vis/viewer/set/hiddenMarker true
/vis/viewer/set/viewpointThetaPhi 120 150

Some /vis commands (optionally) take a string to specify colour. ;Mfﬁnﬁﬂ?MONk“mMaﬁVHmnw,

. vis/viewer/set/autoRefresh true
Available colours: puis i resron

black, blue, brown, cyan, gray, green, grey, magenta, red, white, yell visuelization verbosity changed to warnings (3)
# For file-based drivers, use this to create an empty detector view:

. . Touchables slider #/vis/viewer/flush
Available UI session types: [ GAG, tcsh, csh ] srowall (" Hideal dear output | Fiter
PreInit>

select item(s)
Session :




Kullanici Arayuzi (Ul) - Komut Sentaksi

® Ul komut sentaksi 3 arglimanli yazilabilir;
= Komut dizini Irun/verbose 1
= Komut Ivis/viewer/flush
= Parameter (ler)
® Geant4, Ul komutlarini 3 farkh sekilde alip islemleyebilir;
1. Interaktif Kullanici arayUzinden yazilip <enter> ile génderilerek (Bknz. Onceki sayfa)
2. Makro dosyasina komut ekleyerek

3. Kod icinde kullanarak;
Orn: G4UImanager* Ul = G4UImanager::GetUIpointer();
Ul->ApplyCommand("/run/verbose 1");

® Unix komutlari gecerli ve kullanishdir: Is, cd, pwd, history, <tab>, help, exit



Kullanici Arayuzi (Ul) - Temel Komutlar

® /control/alias [isim] [deger]

® /control/loop[macroDosyasi][degisken][baslangicDegeri][sonDeger][adim]
® /control/foreach [macroDosyasi] [degisken] [“deger listesi”]

® /control/if [kosul] [macroDosyasi]

® Junits/list

® /run/initialize

® Irun/beamOn [run baslatir]

® Igun/particle [parcacikAdi]

® /gun/energy [sayi] [birim]

® |vislverbose [sayi]

® help [Ulkomut]



main() fonksiyonu ornegi;

int main(int argc, char** argv) {

if (argc 1= 1)
{ // batch mode

G4String command = "/control/execute ";
G4String fileName = argv[1l];

UImanager->ApplyCommand(command+fileName);
}
else
{ // interactive mode : define UI session
G4AUIExecutive* ui = new G4UIExecutive(argc, argv);

ui->SessionStart();
delete ui;

}
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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 farkli 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 (G4VUserPhysicslList sinifi)

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

* Ornek: class 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/

Tesekkurler!
Uygulama: Geant4 ile bir
ornek calistiriniz.



