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10| x| Z2|(HEP) A+

= CERN(REAMUXIZEZ|HFL)

= LHC: ATLAS, CMS, ALICE, LHCb A
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= HFALM 7| = (Radiation technology)

» Dose Estimation by Simulation of the ISS
Radiation Environment (DESIRE)
= ETYHAISSUS| YAHMI| RS Al

» Physics Models for Biological Effects of
Radiation and Shielding
= HAMIO| A0 DjX|= BEE AL

» MUIti-LAyered Shielding Simulation Software
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* QinetiQAle| £F M =2 Aim| 24
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‘Geant47} 20|= 2 (4/4)

= 9|8 (Medical science)
G4DNA: Geant4 DNA =2 M E
= HEALMO] 2|5 DNAEHAES A3
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» G4EMU: § 3 Geant4 Q|StH X} 2 ¢

» G4NAMU: 20| Geant4 2|t X} 2 2!

GAMOS: Geant4-based Architecture
for Medicine-Oriented Simulations

GATE: Geant4 Application
for Tomographic Emission
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= AT AR 15008l Rt U 2
= B3 KISTI #of
= ZX2X: 167 Working groups
= HE7H2I9
= 26t Geant4 Collaboration Meeting
— Virtual (Sep.13-24, 2021)

20" Anniversary Symposium & 19" Collaboration Meeting,
Okinawa (Japan), 29 September - 4 October 2014.
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» Geant4 7{'& 2 X|2l: a}StXb+SW XL O

» Run, Event and Detector Responses
» Tracking

» Particles and Track

» Geometry and Transport

» Generic Processes and Materials

» Electromagnetic Physics

» Low Energy Electromagnetic Physics
» Hadronic Physics

» Persistency

> User and Category Interfaces

» Visualization

» Physics Lists and Validation Tools

» Testing and Quality Assurance

> Software Management

» Documentation Management

» Novice and Extended Examples

| » Advanced Examples
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-ocumentation

= GEANT42| 4] SH[0|X|
» http://geant4.web.cern.ch

= GEANT4E 22Ql0A i = A=
» http://www.wlap.org

= GEANT4E 7|&¢t =&
* Nuclear Instruments and Methods, A 506 (2003) 250-303

» |EEE Transactions on Nuclear Science, 53 No. 1 (2006) 270-278
* Nuclear Instruments and Methods, A 835 (2016) 186-225

H

*[Virtual] 5th LPCC Detector Simulation Workshop, CERN (Geneva), 22-23 November 2021.
+[Virtual] Geant4 Advanced Course @ CERN, 4-8 October 2021.
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* N, OIHZIER = p: DR UE A: RAXEF
= BEXRIR: AE) = Qiln; - 0(Z, E)D7T

= Y.[n;-o(Z; E)]: macroscopic cross section
* a(Z; E): total cross section per atom
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=  G4PhotoElectricEffect
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= G4ComptonScattering
- FXp-HEHXE WA

=  G4GammaConversion
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Geant42| = 2G| 0| E

St goAe] =eltolE= Eatt 0T o2
E M2 Ho|HoY S 2|5t Z AL
= Geant4?} &5t S8F Y| =&l HO|E mHH

=  G4NDL4.5: thermal neutron cross-sections

G4EMLOWG.41: low energy electromagnetic processes

G4PhotonEvaporation3.1: photon evaporation

G4RadioactiveDecay4.2: radioactive decay hadronic processes

= G4SAIDDATA1.1: evaluated cross-sections in SAID data-base

= G4NEUTRONXS1.4: evaluated neutron cross-sections on natural
composition of elements

=  G4ABLA3.0: nuclear shell effects in INCL/ABLA hadronic mode

= G4PII1.3: shell ionization cross-sections

* RealSurface1.0: measured optical surface reflectance
* G4ENSDFSTATE1.0: nuclides properties
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Installation

43

Geant42| MX|: EH|2E

= 2 ZZE Linux/Macdt g++2 HIECR
= Windowsk 7}s

= Linux root A2 2 AX|5H system wide HX| 7}
= iR HLIO|H ALK AlE2 = HA|

= BE If7|X| & S E Cl230f S0fA ZX]
= U CtE MM network mountd Z10j CHH|

= HE /usr/local, /opt, /cern, /home/geant4 S0 AX|
= O] ZE0AME ~/geant4 0f HX|

« 24 GEANT4E CI2EZLE E=Ct
» https://geant4.web.cern.ch/support/download

rg

Ct.
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= CMake 3.8

= CMake
= Optional
CLHEP, Expat, zlib
GDML XML Geometry

= QT, X11, Open Inventor,

» ©25t ATESOE

At
2EA] RL0{OF 5t= AS
= Geant4 source: geant4.10.07.p02.tar.gz
» gcc-4.9.3 (Mac Clang-12.0 Xcode)

=

= User Interface, Visualizations

Motif

= DAWN, WIRED4, OpenScientist, AIDA ...
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Source files

Data files (*)

=o|H[o[E]

k Download
202 1/1 1/09 * Low Eq{@%leﬂ@é?&ﬁ%‘?)&ﬁ c@(gﬂ?a\rgllgaﬁgﬁ g;ugr‘i:cfga://gdo-nuclear.ucllnl org/ 46

Geant4 10.7
first released 4 December 2020 (patch-02, released 11 June 2021)

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

Please read the Release Notesc’ before downloading or using this release. The patches below contain bug fixes to release 10.7, we suggest you to
download and apply the latest patch for release 10.7 (see the additional notes for patch-02ci and patch-01ci ), or download the complete source with
the patch applied; in any case, it is required to apply a full rebuild of the libraries.

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

GNU or Linux tar format, compressed using gzip (34.1Mb, 35729676 bytes)
After downloading, unpack using GNU tar.

2P format (48.9Mb, 51299001 bytes)
After downloading, unpack using e.q. WinZip.

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

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

G4NDL4.6, Neutron data files (with thermal cross-sections) - version 4.6 (572.1Mb, 599862135 bytes)

G4EMLOW?7.13, data files for low energy electromagnetic processes - version 7.13 (284.8Mb, 298636910 bytes) e

GaPhotonEvaporations.?, data files for photon evaporation - version 5.7 (9.6Mb, 10089240 bytes) yeg

G 6, data files for decay hadronic processes - version 5.6 (1.0Mb, 1059792 bytes) yew

G4SAIDDATAZ.0, data files from evaluated cross-sections in SAID data-base - version 2.0 (37.6kb, 38502 bytes)

GAPARTICLEXS3.1.1, data files for evaluated particle cross-sections on natural composition of elements - version 3.1.1 (8.2Mb, 8613102
bytes) yew

GA4ABLA3.1, data files for nuclear shell effects in INCL/ABLA hadronic mode - version 3.1 (104.8kb, 107286 bytes)

G4INCL1.0, data files for proton and neutron density profiles in INCL - version 1.0 (93.6kb, 95840 bytes)

G4PII1.3, data files for shell ionisation cross-sections - version 1.3 (4.1Mb, 4293607 bytes)

GAENSDFSTATE2.3, data files for nuclides properties - version 2.3 (283.9kb, 290745 bytes) jew

G4RealSurface2.2, Optional - data files for measured optical surface reflectance - version 2.2 (126.4Mb, 132506346 bytes) e

GATENDL1.3.2, Optional - data files for incident particles - version 1.3.2 (558.0Mb, 585100935 bytes)
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5 (=)
(Geant42| HX|: CI22E & MX|
= = ZEOM CHRE=E HE2 10.7 (36MB)
» Ij7|X| S C22E ofn, Aot}
cd ~/geant
wget http://geant4.cern.ch/support/source/geant4.10.07. p02.tar.gz
tar xvfz geant4.10.07.p02.tar.gz
« A ECQt G4 X S F Hetrt
mkdir build

mkdir install

cd build
cmake -DCMAKE_INSTALL_PREFIX=~/geant4/install ../geant4.10.07.p02

= TR0 m2f CHA| cmakeS 8 + AL

cmake -DGEANT4_INSTALL_DATA=ON .

= OOjE] M2 LISof| 2 Cf22Hor Ao = ElCt,
cd ~geantd4/install/share/Geant4-10.7.2/data
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= O|H™ BFAl- make
» _/configure ; make ; make install
» A3l Y /configure 7| Makefile2 ‘4/d
= SiX} HFAl- cmake
= cmake ../source ; make ; make install

= cmakeZl CMakeList.txtS 2J0{ Makefile2 44
- cmake?Z}l 812 ™, sudo apt install cmake

. 2 Zol50Mo| Brf 4F
= ~/geant4 : Geant4 Z[
= ~/geant4/geant4.10.07.p02 : Geant4 22 E
= ~/geant4/build : Geant4ZS Z It T Zr
= ~/geant4/install : Geant4 2l0|E2{2|, O|H| §& HX| & E[
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‘Geant42| Build &4

= CMake M2 -D2} SH AMESICE,
= SHE HHY cmakeE AW WjOICH {22 MakefileO| THSO{ZIC}
= GDML X| &
cmake -DCMAKE_INSTALL_PREFIX=~/geant4/install -DGEANT4_USE_GDML=ON
~/geant4/source
= BEIM
» CMAKE_INSTALL_PREFIX=~/geant4/install (default: /usr/local)
= GEANT4_INSTALL_DATA=ON (default: OFF)
= GEANT4_USE_OPENGL_X11=0ON (default : OFF)

= HE7hEM: MY ZEE & B
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‘Geant42| HX|: Physics data2| A X|

» R EEZENLE SE ARAMHM HIO|E S Ea 2 oo}
= G4HX|A| XtE CH2EE E|7| & iU, SEQC R J155ICt.
cd ~geantd4/install/share/Geant4-10.7.2/data

wget https://cern.ch/geant4-data/datasets/G4***** tar.gz
tar xvfz G4***** tar.gz

« oot =20 up2t Ho[ESS ZX|etrt.
* G4NDL.4.6.tar.gz: thermal cross section® E&et neutront| 0|
= G4EMLOW.7.13.tar.gz: M O X| HX}7| Z2MA
* G4PhotonEvaporation.5.7.tar.gz
= G4RadioactiveDecay.5.6.tar.gz: A 81| H|0|E]
= G4PARTICLEXS.3.1.tar.gz
= GA4PIll.1.3.tar.gz
* G4RealSurface.2.2.tar.gz
= G4SAIDDATA.2.0.tar.gz
= G4ABLA.3.1.tar.gz
= G4ENSDFSTATE.2.3.tar.gz
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= Huopy

= 72X A0{+F S&9| Tor HupAstrt,
make -jN
make install

= Of|2 HAX|ZF £X| o™ LT FdS0|EE 6 Z 5+ UL

= install 0 22 EX}
> cd ~/geantd4/install
> ls

bin include lib share
> Is bin

geant4-config geant4.csh geant4.sh
> |s share/Geant4-10.7.2/

data examples geant4make tools.license
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B2 Hoiw
- G4E MHIPY| YshME B

= ~/geant4/install/bin 2t0] S0{Q}
source ~/geantd4/install/bin/gean4.sh

tH~E Zhotx of 6'“:l'
= geant4.sh0j| C} QAC},

- groF S2|H[0|E| THUS S Ro| MWL
. ofalel H#AHAE S

o

Mo
Ju
i)
ol
m
Y
N
$0
rir
gl
)
(=
>
fj

2 22{F Of ShC}.
— G4ABLADATA

— GA4ENSDFSTATEDATA
— G4INCLDATA

— GA4LEDATA

— G4LEVELGAMMADATA
— G4ANEUTRONHPDATA
— G4PARTICLEXSDATA

— GA4PIIDATA

— G4RADIOACTIVEDATA
— G4REALSURFACEDATA

— GA4SAIDXSDATA
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- =A

. 2%} X17| A0l GeantaZt AK|E BC
= Geant4 SL0|X|0|M G4E CI2E2 LSt HIMSIXL,
* build®} install Z2HE M/ dstn, ALY dS

2. cmake® LS oiC},
= make - jN
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3. ~/geantd/install EC Q2| L8 S| 2oz}

4. examples | ¢Hof| Ot OfX|F0] FO A=K &
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Chapter 1: Geant4 &'H
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(=)
G429 EHS LOLETL.
= 0= 780| 2ol AEH =2 2|US o7 &3 U= QAL
S|L} O{&2f... Geant4E CIA| & == SX| R=71
= D Geant4 220U ccl| &HXIE =LY
= OE Geant4 Sl utY2 hhe| &HXIE 2Lt
= B E Geant4 A= G42t= F SXIE A|EFSiC}
» G4RunManager, G4Step, G4LogicalVolume
= Abstract 222 = vEl= e 2XHE O 'E0{ EA|SHC},
» G4VHit, G4VPhysicalVolume
= Z} THO{Q| A[Et S CHEXIE Stof FEICE.
= G4UserRunAction, G4VPVParameterisation
- BLEE 22 0|STFAS ASFILL
» G4RunManager::SetUserAction(), G4LogicalVolume::GetName()
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= CPUL| &Rt
UE FEch

= ME CHE Hilal Aorde{oM e 22 ZitE T
Geant4= 7|2 c/c++HSTE CIA| HO|5I0] £2CF

mln
~

* int - G4int

* long > G4long

* float - G4float

* double — G4double
* bool - G4bool

» string > G4String

= O|&2] HOl& globals.hh0fl E0{Q!C}.
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Geant42t CLHEP

= GEANT4:= 22| AT o] CLHEPE 2 E typedefdli A
Agtrt,
= System of units
» Vector classes and matrices

* G4ThreeVector (typedef to Hep3Vector)

* G4RotationMatrix (typedef to HepRotation)

= GA4lLorentzVector (typedef to HepLorentzVector)

* G4lorentzRotation (typedef to HepLorentzRotation)
= Geometrical classes

* G4Plane3D (typedef to HepPlane3D)

* G4Transform3D (typedef to HepTransform3D)

* G4Normal3D (typedef to HepNormal3D)

* G4Point3D (typedef to HepPoint3D)

= G4Vector3D (typedef to HepVector3D)
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G4 1A (1/4)

= Geant40| M= O] CHIAIE AtE8T = ULt

= Geant40f|M S2|ZF2 <X} Fofl THRIE Sof it

* millimeter 2*mm

* nanosecond 2*ns

» Mega electron Volt 2*MeV

» Positron charge eplus

» Degree Kelvin kelvin

= Amount of substance mole

» Luminosity intensity candela

= Radian radian

» steradian steradian
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G4 217 (2/4)

- 22 TI9IE of2] WA SR EH THsOLL,
= millimeter=mm=1;
= meter = m = 1000*mm;

= XpMlet de|E B2 orael ofe S F=S|AL
» source/global/management/include/G4SystemOfUnits.hh

« 4 > R4S oS 2 B M EICL

= 30*¢cm == 0.3*m
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« S8 gujj TS nefsiof et F TR 2 Loi2h o
S &H
» cout << KineticEnergy/KeV << “ KeV “ << endl;

= G4BestUnit0| 2 &S 2, G471 HIet THA = 2 ls)
ZLL. (length, time, energy, 5 EA|olOFEILCE)
» cout << G4BestUnit(StepSize, “Length”) << endl;

= G4UnitDefinition::PrintUnitsTable2 $2H G47} A= 1

— ol = AL
= HIE & = QUL
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G4 T2IAl (4/9)

= MZ2 THeAIS 20 AHCHH

= G4SystemOfUnits.hhE 1= 5= QULCH (H|FH)
#include <CLHEP/Units/SystemOfUnits.h>
static const G4double inch = 2.54*cm;

= G4UnitDefinitionZ2 2| 25 A& M= TR A& W=H ECt.
G4UnitDefinition (name, symbol, category, value)
G4UnitDefinition (“inch”,”in",”Length”,25.4*mm);
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3-Vectors (1/2)

= Geantd 12 HEZE|AFE S0 2A7|HLH= CLHEPL
HepVector3D, Hep3VectorE typedefdliA| £2LC}. (555Xt
= HEE ST SHCh).
= 0| & &M,
» G4ThreeVector *p=new G4ThreeVector(10,20,100);
= CLHEPO|M “d2|ot HHE+E S E2H FIC}
* G4double px=p->x();
» p->setZ(50);
THZIIEA ZE ®oiotn Hekgh = O}
» p->phi(); p->theta(); p->mag();
» p->setPhi(); p->setTheta(); p->setMag();
= SH71X] ... 3|22 ™2 Coding convention0| G4} SHX| ¢t
=C}. (22 function overloading= S} E|Z!X|TH
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3-Vectors (2/2)

. HEIS Pt W,

» YEE Ao R 2.732C|0HS 3| SIH
= p->rotateY(2.73);

I

- EE o MEIS SHOE 1.572C|9te Sal
» p->rotate(1.57,G4ThreeVector(10,20,30));

I

= Cf XtM|5] HE|ZcAE SFOIEH S22 2FS T=5HAL

» source/externals/clhep/include/CLHEP/Vector/ThreeVector.h
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-Vlatrices (1/2)

= AE7|240f| 71 Bo| 20|= 2[HOEE A HA| CLHEPO|
M 71X 2Lt G4RotationMatrix = HepRotation
» #include “G4RotationMatrix.hh”
= G4RotationMatrix *rm = new G4RotationMatrix;

= x5S SAMOZ 458 E2|H,
* rm->rotateX(45*deg);

= O] HEE SHO=E 3|T™A|7|2{H,
* rm->rotate(45*deg,Hep3Vector(1.,1.,.3));

» 9| DERIA9| Inversion2
* rm->invert();
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-n Matrices (2/2)

» 3¥=o HolE Z2 Chge g4SS =2 & + UL

= phiX(), phiY(), phiZ(), thetaX(), thetaY(), thetaZ()

- ofm HE{olo| ZHe £ 42 AGI0] ¥ 4 9t
» G4double angle;
» G4ThreeVector axis;
* rm->getAngleAxis(angle,axis);

- Of XHIE AFZR
» source/externals/clhep/include/CLHEP/Vector/Rotation.h
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Chapter 2: Getting Started
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= Geant47| HILHE EX| H=XS & =+ A= 71
= O|H| & &AWl 2= ZAo|ct.

OFf
rjo

e

Ol = install/share/Geant4-10.7.2/examples 2t0f| QALCE.
> cd ~/geantd4/install/share/Geant4-10.7.2/examples
> s

advanced basic extended CMakelists.txt GNUmakefile History novice README
README.HowToRun README.HowToRunMT

» basic: B1 B2 B3 B4 B5, 572] X2€ 0N &

= advanced : 22Ol H0 MY HEo| ofH| S
=  WIRED4 JAS Plug-in
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= Geant4= 7H W27 Hi2= Bk ONIS Uit 7"0|Eh
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EEEI2] 743 Makefilee] A

- e BCIE QHBLL

* include®t src ME CIHEZ|E H%
> mkdir work ; cd work
> mkdir include
> mkdir src

= CMakelists.txt Tt S FHEC}
= CIMOIM SAFHAM 8ol 2= 0] =1
> cp ~/geantd/install/share/Geant4-10.7.2/examples/basic/B1/CMakeLists.txt .

- =Y B0 342 o3t 2
> s
include src CMakelists.txt
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'CMakelLists.txt2| 0|3} (1/2)

= CMakelists.txt
» AH . Z2HEE 0|5 ™7
#(1)
cmake_minimum_required(VERSION 3.8...3.18)
if(${CMAKE_VERSION} VERSION_LESS 3.12)
cmake_policy(VERSION ${CMAKE_MAJOR_VERSION}.${CMAKE_MINOR_VERSION})
endif()
project(mysim)
- A2 HiX ZENI J2HTo| B 9S FLE OFF
# (2) WITH_GEANT4_UIVIS OFF
option(WITH_GEANT4_UIVIS "Build example with Geant4 Ul and Vis drivers" ON)
if(WITH_GEANT4_UIVIS)
find_package(Geant4 REQUIRED ui_all vis_all)
else()
find_package(Geant4 REQUIRED)
endif()
« ARI3:SE oY X E EHEL
#(3)
include(${Geant4_USE_FILE})
include_directories(${PROJECT SOURCE_DIR}/include)
= AR ZuiYof] et AAQ ¢ Y S SEE2 UECH
#(4)
file(GLOB sources ${PROJECT SOURCE_DIR}/src/*.cc)
file(GLOB headers ${PROJECT_SOURCE_DIR}/include/*.hh)
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'CMakelLists.txt2| 0|8l (2/2)

» ARG M3nielo| o]} OQl A&, G4 2fo|E2{2|E Y ASHELE
#(5)
add_executable(exampleB1 exampleB1.cc ${sources} ${headers})
target_link_libraries(exampleB1 ${Geant4_LIBRARIES})
= 2Hl6:
# (6)
set(MYSIM_SCRIPTS mysim.in mysim.out init_vis.mac run1.mac run2.mac vis.mac )
foreach(_script ${MYSIM_SCRIPTS})
configure_file(
${PROJECT_SOURCE_DIR}/${_script}
${PROJECT_BINARY_DIR}/${_script}

COPYONLY
)
endforeach()
» AR7 HYOUO| X E Hetrt
#(7)

install(TARGETS mysim DESTINATION bin)

2021/11/09 KCMS Lectures on Collider Physics

70

70




maing &4
» Geantd= HE7| MMUEALE == 20| HE{2|= O XA
7t 2¥k|= o{Z2|#A[0]4d0] OfL|CH
= AMEXIZ main()2 S0 AYLUS TS0 AFESHOF SHCt.
= AM2X}O| H|Q10] G4RunManagerFactory SefA 2 = QIstH =ICt
= 7}E 7|XF Ol main() &2 &
> vi mysim.cc
#include “G4RunManagerFactory.hh”

int main()

{
auto g4man = G4RunManagerFactory::CreateRunManager();
// user initialization

g4man- >Initialize();
g4man->BeamOn(100);
delete g4man;

return 0;
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-l G4RunManagerFactory

= G4RunManagerFactory= Geant4 hierarchy?| 7} 2 H}E
0| £|= Sej2o0|C},
= RunManagerZ} st= &
= OjLX7} st= Y 1: HEZIE BHSICL
* g4man->SetUserlnitialization(new MyDetectorComstruction)
= OHLX7} ot= Y 2: AFEE YUKt S8 Z2MAE FF T
»= g4man->SetUserlnitialization(new MyPhysicsList)
= OjL{X7} of= & 3: £7] YUXpe| 48t 48 |- 27
*= g4man->SetUserlnitialization(new MyActionlInitialization)
= OjL{ X7} 8t= Y 4: event loopE EEILCL.
= BeamOn()
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HEEA] QL0{OF & 37H9| AR X} B2
= GIHO0|E A|Z2]|0|440|E BIEA| 3 71X| 7} E S|}
= HAEY
- AUX}
= UM (YXHE HE7I0] O{EA Lot F X])
= Geantd= O|F M| 7He| B+ Fej22| 7|X 182 abstract
=22 2o FQUALCL
= AM2XHE abstract base 2E{A S M%) ALK 22AE HEH EICL
= DetectorConstruction > G4VUserDetectorConstuction
* PhysicsList > G4VUserPhysicsList

= Actionlnitialization > G4VUserActionlnitialization
— PrimaryGeneratorAction

= [nitialize()2t BeamOn()0| & U O{C} 3 7H2| User SHAE R EL}.
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-rConstruction.hh

= G4VUserDetectorConstruction
= AE7|9 2 EEE, XIRH EE|, M, HO0|E readout 5= H9|

= MyDetectorConstruction.hh
#include "G4VUserDetectorConstruction.hh”
#include "globals.hh”
class G4VPhysicalVolume;
class G4LogicalVolume;
class MyDetectorConstruction : public G4VUserDetectorConstruction
{
public:
MyDetectorConstruction();
virtual ~MyDetectorConstruction();
virtual G4VPhysicalVolume* Construct();
G4LogicalVolume* GetScoringVolume() const { return fScoringVolume; }
protected:
G4LogicalVolume* fScoringVolume;

g

Ct.
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‘ctorConstruction.cc (1/2)

= MyDetectorConstruction.cc

G4VPhysicalVolume* MyDetectorConstruction::Construct()
{

// Get nist material manager

G4NistManager* nist = G4NistManager::Instance();

// Lab

G4Material* labMat = nist->FindOrBuildMaterial("G4_AIR");

G4Box* labShape = new G4Box(“Lab",12*cm,12*cm,24*cm);
G4LogicalVolume* labLV = new G4LogicalVolume(labShape,labMat,"Lab");

G4VPhysicalVolume* labPV = new G4PVPlacement(0,G4ThreeVector(),labLV,"la
b",0,false,0, true);

// (rotation,position,logical volume, volume name, mother volume, boolean, c
opy number, overlap check)
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-ctorConstruction.cc (2/2)

= MyDetectorConstruction.cc
) .

// Detector

G4Material* detMat = nist->FindOrBuildMaterial("G4_Galactic"); // G4_WATER

G4Box* detShape = new G4Box("Detector”,8*cm,8*cm,16*cm);

G4LogicalVolume* detLV = new G4LogicalVolume(detShape, detMat,"Detector”

)
new G4PVPlacement(0,G4ThreeVector(),detLV,"Detector”,labLV,false,0,true);

// Target

G4Material* tarMat = nist->FindOrBuildMaterial("G4_Al");

G4Box* tarShape = new G4Box("Target",4*cm,4*cm,0.01*cm);
G4LogicalVolume* tarLV = new G4LogicalVolume(tarShape,tarMat,"Target");

new G4PVPlacement(0,G4ThreeVector(0,0,4*cm),tarLV, "Target",detLV,false,0,tr
ue);

// Set Target as scoring volume
fScoringVolume = tarlLV;
return labPV;

}
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-sList.hh

= G4VModularPhysicsList
= HimAto] AFEE AUXIEL EM S FELL
= QUXIEO| 1 k|0 MMEE|E IPH (Physics Process)g S S8t}
= ZF AXIEL| Al EY0|MS AN EL= X| CutoffE Hd T}

= MyPhysicsList.hh

#include "G4VModularPhysicsList.hh"
class MyPhysicsList: public G4VModularPhysicsList

{
public:
MyPhysicsList();
virtual ~MyPhysicsList();
1
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-sList.cc

= MyPhysicsList.cc
MyPhysicsList::MyPhysicsList() : G4VModularPhysicsList()

{
//SetVerboseLevel(1);
RegisterPhysics(new G4EmStandardPhysics()); // EM Physics
//RegisterPhysics(new G4EmExtraPhysics()); // synchrotron rad.
RegisterPhysics(new G4DecayPhysics()); // Decays

//RegisterPhysics(new G4HadronElasticPhysicsXS()); // Hadron Physics
//RegisterPhysics(new G4StoppingPhysics());

//RegisterPhysics(new G4lonPhysicsXS());

//RegisterPhysics(new G4lonElasticPhysics());

//RegisterPhysics(new G4HadronlnelasticQBBC());

//RegisterPhysics(new G4NeutronTrackingCut()); // Neutron tracking cut

}

MyPhysicsList::~MyPhysicsList(){}
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7P 583t Action: Primary generator

= EHQ Action
= G4VUserPrimaryGeneratorAction (2
* Primary event kinematics

= Ao FE = A= Action
» G4UserRunAction (optional)
* run by run

G4UserEventAction (optional)
= event by event
» G4UserStackingAction (optional)

* to control the order with which particles are propagated through the
detector

G4UserTrackingAction (optional)
* Actions to be undertaken at each end of the step
» G4UserSteppingAction (optional)
* Actions to be undertaken at the end of every step
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-'ﬂ' UserActionlnitialization

= MyActionlnitialization.hh

#include "G4VUserActionlnitialization.hh"
class MyActionlnitialization : public G4VUserActionlnitialization {
public:
MyActionlnitialization();
virtual ~MyActionlnitialization();
virtual void Build() const;

= MyActionlnitialization.cc

MyActionlnitialization::MyActionlnitialization():G4VUserActionlnitialization(){}
MyActionlnitialization::~MyActionlnitialization() {}

void MyActionlnitialization::Build() const {
SetUserAction(new MyPrimaryGeneratorAction);

}
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"ﬂ PrimayGeneratorAction.hh
= MyPrimaryGeneratorAction.hh

class MyPrimaryGeneratorAction : public G4VUserPrimaryGeneratorAction
{
public:
MyPrimaryGeneratorAction();
virtual ~MyPrimaryGeneratorAction();
virtual void GeneratePrimaries(G4Event™®);

private:
G4ParticleGun* fParticleGun;
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""ﬂ' PrimayGeneratorAction.cc

= MyPrimaryGeneratorAction.cc

{
fParticleGun = new G4ParticleGun(1);

fParticleGun->SetParticleDefinition(particle);
fParticleGun->SetParticleMomentumDirection(G4ThreeVector(0.,0.,1.));
fParticleGun->SetParticleEnergy(1.*MeV);

MyPrimaryGeneratorAction::~MyPrimaryGeneratorAction() { delete fParticleGun; }

void MyPrimaryGeneratorAction::GeneratePrimaries(G4Event* anEvent)
{
G4double x0 = 1*cm * (G4UniformRand()-0.5);
G4double y0 = 1*cm * (G4UniformRand()-0.5);
G4double z0 = -15*cm;
fParticleGun->SetParticlePosition(G4ThreeVector(x0,y0,z0));
fParticleGun->GeneratePrimaryVertex(anEvent);
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G4ParticleDefinition* particle = G4ParticleTable::GetParticleTable()->FindParticle("e-");

MyPrimaryGeneratorAction::MyPrimaryGeneratorAction():G4VUserPrimaryGeneratorAction()
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OjS = U2 0|83t Batch X

= UimanagerE 11-&°%HC}.

int main(int argc, char** argv)

{
G4RunManager* g4man = new G4RunManager;
g4man->SetUserlnitialization(new MyDetectorConstruction);
g4man->SetUserlnitialization(new MyPhysicsList)
g4man->SetUserAction(new MyPrimaryGeneratorAction);
g4man- >Initialize();
// read a macro file
G4Ulmanager* Ul = G4Ulmanager::GetUlpointer();
G4String command = “/control/execute “;
G4String fileName = argv[1];
Ul->ApplyCommand(command+fileName);
// 67| BeamOn() CH4! 12| Uimanager?t 0|32t S E2] SQICt.
// 1 I|222t0]| BeamOnO| E0{Q!C}.
delete g4man;
return O;
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o
= MUnlo o3z DS QIXtE Wa
> ./mysim run.mac
= {32 o2 HE of2jet Z0| ‘dZiCt.
# set verbose level for this run
/run/verbose 2
/event/verbose 0
/tracking/verbose 2
# 100 electrons of 1GeV Energy
/gun/particle e-
/gun/energy 1 GeV
/run/beamOn 100
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Interactive 2.E (1/2)

= OIE{HE|E R E: [3}8O 2 GEANT4E CIE 4= QILC}
int main()

{
G4RunManager* gdman = new G4RunManager();

g4man- >Initialize();

G4Ulsession* session = new G4Ulterminal();
session->SessionStart();

delete session;

delete g4man;

return O;
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Interactive 2.E (2/2)

= Interactive R EY U= ' HAS Al7|
> ./bin/Linux-g++/mydetsim
= Initialization0| EL}'H Geant47} Of2je| =ZETZEE FC}.
Idle>
= O|IjRE| AFEXI BBOE MEZ2H EC
Idle> /vis/create_view/new_graphics_system DAWN
Idle> /vis/draw/current
Idle> /run/verbose 1
Idle> /event/verbose 1
Idle> /gun/particle mu+
Idle> /tracking/verbose 1
Idle> /gun/energy 10 GeV
Idle> /run/beamOn 1
Idle> /vis/show/view

d!

I
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‘G4Ultcshe| MH
G4Ultcsh= 2H™oll=H EICL.

#include “G4Ulterminal.hh”
#include “G4Ultcsh.hh”

int main(int argc, char** argv)

{

session->SessionStart();
delete session;
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= Interactive2 =0 BEO| 2|F 7|5= AHESIHH

G4Ulsession* session = new G4Ulterminal(new G4Ultcsh);
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Chapter 3: Detector Construction
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-)etectorConstruction

= G4VUserDetectorConstruction = GEANT47} M| 35l=
abstract S2|AE ALEX}7} HIEA| 0|2 H56l| ALEXIE 2]
25 H|Sollofgt SiCt,

= BH=0{Zl MyDetectorConstructioni= G4RunManagerZ}
SetUserlnitialization()& =& & of, MM EICt,

= G4VUserDetectorConstruction2| " &4 Construct() 7}
RunManager?} Initialize()& & Ul S2{%IC}.

= [2LA, AL XH= Construct()2 overloaddto] XfAlo| HE |
= Aol '2ofof otC}.

= 2HJEl Construct()= World Physical Volume2| Z2IE{E
2| e 2 E2{EC)
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EZ7|0rS 7] 15H|: E%E (Materials)0|2H?
. JpAO| HEI|S BHET| SJSiME M GAMaterialo|2Hs 2
HAZ 2ofof BH}.

= G4Material 222 = L F0f| A0 HAXPHS HEF X,
HENHX] 5 @22 E4S CHF = G4Element 22 A2}
SYULE CHE7| 28t Galsotope £ 71X =0,
GEANT4 AF2XIe| 2UZ0|A= GAMaterial Tt 2H EICE

= G4Material S22 = H29| 7|2 HZ 2|0, density, state,
temperature, pressure, radiation length, mean free path,
dE/dx, S CtYet &S CHELL
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:

= Ch=ot S22 0|51} |X
MaterialO| 2+=0{ZIC}.
#include “G4Material.hh”

G4double z=18.;

G4double a=39.95*g/mole;
G4double density=1.390*g/cm3;
G4String name;

G4Material* LAr = new G4Material(name="Liquid Argon”, z, a,
density);

= G4Material Z2IE{= Logical volume2 2HE I ALEEICEH
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HE7|UE7| 15H: XIS 7|

= HAXIES SNAM ZXE 2HEFE QUL
#include “G4Element.hh”
#include “G4Material.hh”

G4double z,a;

G4String name,symbol;

G4Element* H=new G4Element
(name="Hydrogen",symbol="H",z=1,a=1.01*g/mole);

G4Element* O = new G4Element
(name="0Oxygen”,symbol="0",z=8.,a=16.0*g/mole);

G4int ncomponent,natoms;

G4Material* H20 = new G4Material
(name="Water”,density=1.000*g/cm3,ncomponents=2);

H20->AddElement(H,natoms=2);
H20->AddElement(O,natoms=1);
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=
- Enld gl 2*11 -3-7I% U= = ALt

#include “G4Element.hh”
#include “G4Material.hh”

G4double z,a;
G4String name,symbol;

G4Element* N = new G4Element (name="Nitrogen”,
symbol="N",z=7.,a=14.01*g/mole);

G4Element* O = new G4Element
(name="0Oxygen",symbol="0",z=8.,a=16.0*g/mole);

G4double fractionmass,density=1.290*mg/cm3;

G4int ncomponent,natoms;

G4Material* Air = new G4Material(name="Air",density,ncomponents=2);
Air->AddElement(N,fractionmass=70*percent);
Air->AddElement(O,fractionmass=30*percent);
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HEZIUES7] 15 EZa A E A7)

= Element?} Material2 410{ Material2 BF50{ T EIC}

G4double a,z fractionmass,density;
G4String name,symbol;
G4int ncomponents,natoms;

G4Element* Ar = new G4Element (name="Argon"”,symbol="Ar",z=18.,a=39.95*g/mole);
G4Element* C = new G4Element

(name="Carbon”,symbol="C", z=6., a=12.00*g/mole);
G4Element* O = new G4Element (name="0xygen",symbol="0",z=8.,a=16.00*g/mole);

G4Material* CO2 = new G4Material
(name="C02",density=1.977*mg/cm3,ncomponents=2);

CO2->AddElement(C,natoms=1);
CO2->AddElement(O,natoms=2);

G4Material* ArCO2=new G4Material
(name="ArC02",density=1.8*mg/cm3,ncomponents=2);

ArCO2-> AddElement(Ar,fractionmass=93*percent);

ArCO2-> AddMaterial(CO2,fractionmass=7*percent);
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HE|THE 7] 154H4|: 229} 20| 12 &

G4double a,z fractionmass,density;

G4String name,symbol, ncomponent,natoms;
G4Element* Ar = new G4Element

(name="Argon”, symbol="Ar",z=18.,a=39.95*g/mole);
G4Element* C = new G4Element

(name="Carbon”, symbol="C", z=6., a=12.00*g/mole);
G4Element* O = new G4Element

(name="0Oxygen”, symbol="0",z=8.,a=16.00*g/mole);

G4double T=300.*kelvin;
G4double P=2*atmosphere;

G4Material* CO2 = new G4Material
(name="C02",density=1.977*mg/cm3,ncomponents=2,kStateGas,T,P);

CO2->AddElement(C,natoms=1);
CO2->AddElement(O,natoms=2);

G4Material* ArCO2=new G4Material
(name="ArC02",density=1.8*mg/cm3,ncomponents=2 kStateGas,T,P);

ArCO2-> AddElement(Ar,fractionmass=93*percent);
ArCO2-> AddMaterial(CO2,fractionmass=7*percent);
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= MaterialsZ} elements AEBHGE =20 HIZ S=
Ct.

#include “"G4Element.hh”
#include “"G4Material.hh”

cout<<ArCO2;
cout< <*(G4Element::GetElementTable());
cout< <*(G4Material::GetMaterialTable());
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Eﬂ 2CHA: volumeO|2t?

= AE7|E 145 2429 UM E volumeO| 2t R ELE

» AE7|E X 7o A 72 World volumeO| 2}
HECr}

n ZHZEO| yolume2 O 2N} E2|H HEZ LIEFE £~ QI
0= volume2tdf| IX|SHA| EIC}. (World vqumeHHHI'_)

» 0= volumeO| & volume®|| =0|A| & Ulf, 2 volumel| =}
BAE WEL]

= GEANT40| A= volumeO| 23 E + QICL YtEA| St 28

= CHE o' = &0 ol A 5._|EL
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Z|2HE2|: Volume: THE L= 3EHA|
1. B 37|18 2= SolidE FAISHCE

2. %l2| solidd| E2|HQl &/ (G4Material)= s}of

=
Logical volumeS 2HECE,

3. O] Logical volume= 2 volume?| HTst 2| X|0f Alst
0 Physical volume& TtEC
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HE7|2HE 7| 25HI: Solids2 0|°H

= 3D ¥M|E ESiol= 7|HE2 o2 747t A
» Constructive Solid Geometry (CSG)
= SWEPT solids

» Boundary Represented solids (BREPs)

GE Zz|Asto| mElHE 2 ANE 7|&ste] 2l 28
0| ZoL} CADLQt HE0| ¢ E|= THHO| QlC} BREPsE OFF
oot UHE O3 5 10 CADLIE ¢F0| E|L} 20| H

= CSG solidsO|= Box, Tube, Cone Spheres, Wedges, Torus

S Crdet = ko] E=H|x|0f QUL
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=
. i 4B o] ABHAS HER

#include “G4Box.hh”

G4double lab_x=3.0*m
G4double lab_y=1.0*m
G4double lab_z=1.0*m

G4Box* lab_box =
new G4Box(“Lab box”,lab_x,lab_y,lab_z);
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HE7|9HE 7| 3¢H4|: Logical volume THE 7

= Material2} Solid7} ZH|E|ICHH Logical volumes TS +
ALt
#include “G4LogicalVolume.hh”
#include “"G4Box.hh”
#include “G4Material.hh”

G4Box* a_box = new G4Box(“A box”,dx,dy,dz);

G4double a=39.95*g/mole;

G4double density=1.390*g/cm3;

G4Material* LAr = new G4Material(hame="Liquid
Argon”,z=18.,a,density);

G4LogicalVolume* a_box_log = new G4LogicalVolume (a_box,LAr,"a
simple box");
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HE7|8HE7| 4THA: Logical volume Z0{'E 7|

= BFE0{%l Logical vqumeE 2 volumedi| O{C|0f |X|A|Z7|12
off Ztr 2 HSX|E A¥eiCt.

= Physical volume2 Iogical volumeO| 2IX|ZE et
instanceO|C}.

#include “G4VPhysicalVolume.hh”
#include “G4PVPlacement.hh”

G4RotationMatrix *rot=new G4RotationMatrix;
rot->rotateX(30*deg);

G4Double aboxPosX=-1.0*m;

G4VPhysicalVolume* a_box_phys = new G4PVPlacement (rot,
G4ThreeVector(aboxPosX,0,0), a_box_log, “a box”, experimentalHall_log, false,
1);
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HEI|2HE7| 4HA1: World volume 2I%[8}7]

= Y 022 World volume2 %|4¢] volumeO|2} OC| =
YU = QACL. 2t G4PVPlacementO| null ZQIE 2 JHO|5|
M, rotation= 2|5l ot EIC,

#include “"G4PVPlacement.hh”

G4VPhysicalVolume* hall_phys = new G4PVPlacement (

0, // No rotation!
G4ThreeVector(0.,0.,0.), // No Translation!
hall_log, //logical volume
“Experimental Hall”, // its name
0, // No mother volume!
false, // no boolean operations
0 // copy number
)i
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F7FEY: GavisAttributes A EB}7|

= ZtZ}9| Logical volume visualizationg 2o A|Zs} 24
2 MIEISH 2 oI},
» void G4LogicalVolume::SetVisAttributes(const G4VisAttributes* );
» void G4LogicalVolume::SetVisAttributes(const G4VisAttributes& );
= AFEXIO| THYAMH M E wireframe2 2 LIEILY D, StSMO 2
X0 AICHH,
lab_log=new G4LogicalVolume(lab_box,Air,“lab");
G4VisAttributes *lab_vis=new G4VisAttributes(G4Colour(0.,1.,1.));

lab_vis->SetForceWireframe(true);
lab_log->SetVisAttributes(lab_viz);
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Chap. 4: Particles and physics

processes

105

'G4VUserPhysicsList

= G4VUserPhysicsList 22|25 &F52H0F Tt ALof| 2HA|E
UXIE FE|ZZMAF ol F0{OFTt TiCL.
= HEEA] AMZXE7L M SoloF & 37tX] R E F o S FAGHAL

= G4VUserPhysicsList2| 372 &+& LHEZY 22 XS 5|0}
ot

= ConstructParticle() // EXtE2 8%
» ConstructProcess() /I EREMNAE AH
= SetCuts() // HAMBALE OHE XA EH
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= Geant4LOfl 7|2XQl AUXIE2 FH| |0 QULCE.

= electron, proton, gamma etc.

= Z+2Z10| QIX}= G4ParticleDefinition2l= 7|2 Se|A S A
ot Ztzto| A2 Ho|=ICt,

= G4ParticleDefinition2 OIx|'°| 0|5, 2T FolE A4l 52
e []]3 ':"'H'lﬂ 7IX|2 Q10 0| 42 HE £

D=|' =IJ‘l_l-E MIEI7|. )
= 2E 22 E1I‘“'01IJL'I Hif D ChA] HotUstH ZH 2 HfE == AN
Ct.

= Foot UK PASEE, Ieptons bosons, mesons,
shortlived, baryons, ions S0| QLC}.
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GdParticleTable2| 27}

= 3 AUXH= singleton2 2 static object2 ™ o| EICL,
= G4Electron // BXE 7|&E0t= el
= G4Electron:theElectron // HX}
= GA4Electron::ElectronDefinition() // pointer to T X}

= YX}S0| staticO| 22 =27 OCIAL} F2] & 5+ UL
= AUXIe| A S G4ParticIeTabIe0|| S OMF=RICt. 0| F 0] &5l
G4L{OIM XSS THE &+ ULt
. FindParticIe(G4Str|ng name) // O|E2E &7
= FindParticle(G4int PDGencoding) // PDGZEE 7|

= G4ParticleTable ¥A| singleton2 2 42| EIC},
» GA4ParticleTable::GetParticleTable() // pointer to table
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-onstruction

= 2+ G4VUserPhysicsList::ConstructParticle()= FALZ2ALO]|
AEE BE YUXIES THS7] floll ALEXE7L HEEA| H| Sl Of
ot}

#include "G4Geantino.hh”
#include "G4Electron.hh”
#include “MyPhysicsList.hh”
void MyPhysicsList::ConstructParticle()
{
G4Geantino::GeantinoDefinition();
G4Electron::ElectronDefinition();

}
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Setting cuts (1/3)

= SetCuts()= G4VUserPhisicsList2| virtual B at0|LC},

= XM EZ|e] A7, YUXIEL| S5, SC|Z2 M| A9 M|
=4 Hof SetCuts()a =12 Of otC},

= SetCuts()S Z0|2 &%slH X| M ES|o| 2EE =F Qo]
M cut-offOf| {X| 2 HHY O], UXIS0| O] OLfX| 2L} %2 F
L7t £IH 3 UXtof| cfet AR AS ORI CE

= G4VUserPhysicsListOll= 7| Cutito| “gsi™ ULt
G4RunManager?} SetCutsWithDefault()E& S &5}H, 0| 7|
2240| SetCuts()2| 2422 A ELE.

= 7|2 cutétS 1mmO|LC}.
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Setting cuts (2/3)

= SXHO| cutdtS YOIEE{H, GetLengthCuts()= S ESHCL.
= 4 SEROIMS| | of|X| S o™
» GetEnergyThreshold(G4Material *)
w Z4Z4o| UXIE0| MZ CHE cutihS AMHESH of2{H, YXI=E
of YEEAIE & X EOOF TiCt.
= gamma — electron — prositron — proton/antiproton — others
= cutZ H2|517] 2Is SetCuts( &= 210 CiYst g+-E& A
SECt.
» SetCutValue(G4double cut, G4String name)

» SetCutValueForOthers(G4double cut)

= SetCutValueForOtherThan(G4double cut, G4ParticleDefinition*
particle)
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Setting cuts (3/3)

= SetCuts()2| O|E =™

void MyPhysicsList::SetCuts()

{
const G4double cut=.1*mm;
SetCutValue(cut,"gamma”);
SetCutValue(cut,”e+");
SetCutValue(cut,”e-");
SetCutValue(cut,”proton”);
SetCutValueForOthers(cut);
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"Production threshold vs tracking cut

- Zzto| ZRMAT} W] UXEO| BuE|0f 2kt UXIER
L0 X = 2Pd S Bt
= [}2}A,
« ZtZlo| TR M|AL 24} UXIE StE L O 189| $HA| 7} 9Lt
= MYE UXE B F FHEC

= 49| UXSO cuttS E + AL (X2 BME cutE 715)

. 2zto| Uxjol MR SetCutd] Wt 24 X7 WA=}
| Z™EL,
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Production below threshold

= Cut 0|5t2| thresholdO|C|Ete FR0 [Me} 2% YXE TS
5 S5t= d271 ULt

» if, by checking the range of the secondary produced against
quantities like safety (~the distance to the next boundary), it turns
out that the particle, even below threshold, might reach a sensitive
part of the detector

» when mass-to-energy conversion can occur, to conserve the
energy. For instance, in gamma conversion, the positron is always
produced, even at 0 energy, for further annihilation
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_rocesses (1/2)

= Physics process= E2 1t YXte| 4= %S TTHCL

= Geant4= IH| 771X| ZFE physics processE LH=L}.
» electromagnetic
* hadronic

-

» transportation

» decay

= optical

= photolepton_hadron
= parameterisation
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-rocesses (2/2)

= G4VProcessZ| 71 @HIEO| &= F2{A0|C},

= I.E physics processes= CH&2| 3742 &+2 /€Lt
= AtRestDolt()
» AlongStepDolt()
= PostStepDolt()

. 2Zto] 347} £ O TEHAE T of2fo| FYAS

20
| AFS-EICL

= G4VAtRestProcess Process with AtRestDolt

» G4VContinuousProcess Process with AlongStepDolt

= G4VDiscreteProcess Process with PostStepDolt

= 020 =3 O 5t ZTZMAE ZfAS0| oL, of
7| M= =0o{7}x}. (0] G4VContinuousDiscreteProcess)
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(G4ProcessManager

= G4ProcessManager= G4ParticleDefinition2| H|O|E{HHC},

= G4ProcessManager= Zt YX}=0| Z0{0F & Physics
process=2| E|AEE 7IX|1 1, o =2 MARE X
St=7t St= XNEl=ME Bttt

= Z} Xtof| CHSH G4ProcessManager2| AddProcess()2t
SetProcessOrdering()& S3ll Physics process& SEdl30]
OfstC},

» AddAtRestProcess(), AddContinuousProcess(),
AddDiscreteProcess() = Ar295t0] UKo Z2MAE &
Fg 5 Lt

= ActivateProcess() and InActivateProcess()S Al2610 =2
MNASE AcH 7ACH e = ALCE
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'AddTransportation()

= Geant4OlM= YXIe| WS =2 A2 L}, (UM BE
UXI= TranspotationZ=EM|AE BEEA| 7}X{OFTt SHC})

= G4VUserPhysicsList= AddTransportation()2t= &+& A
&5} 0| & ConstructPhysics()IAM 221FH EIC}

void G4VUserPhysicsList::AddTransportation()
{
G4Transportation* transport=new G4Transportation;
Partlterator->reset();
while ( (*Partlterator)() )
{
G4ParticleDefinition *particle=Partlterator->value();
G4ProcessManager* pman=particle->GetProcessManager();
if (Iparticle->IsShortLived())
{
pman->AddProcess(transportation);
pman->SetProcessOrderingToFirst(transport,iAlongStep);
}
}
}
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-uctProcess()

= ConstructProcess()= HF#FELY 0|10 ALEXIZL ZENAE
TS 0| AM2SH= X0 S5 010} StC}.

. ConstructPartche()E Soff MAE UXS0OICE
G4ProcessManager § 7% O} o1,

AddProcess(G4VProcess *)& &0l physics processE& &
=l of Str}.

= 0|& &9, geantino= 22X| transportation process?t 2
= YXto|ct.
Void ExNO1PhysicsList::ConstructProcess()
{
AddTransportation();
}
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-uctProcess() for gammas

Void MyPhysicsList::ConstructProcess()
{

AddTransportation();

ConstructEM();
}

void MyPhysicsList::ConstructEM()

{
G4ParticleDefinition* gamma = G4Gamma::GammaDefinition();
G4ProcessMAnager *pman= gamma->GetProcessManager();
G4PhotoElectricEffect *thePhotoElectricEffect = new G4PhotoElectricEffect;
G4ComptonScattering *theComptonScattering = new G4ComptonScattering;
G4GammaConversion *theGammaConversion = new G4GammaConversion;
pman->AddDiscreteProcess(thePhotoElectricEffect);
pman->AddDiscreteProcess(theComptonScattering);
pman->AddDiscreteProcess(theGammaConversion);
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252 =X

= MyPhysicsList2| ConstructParticle() 20| geantino,
electron, positron, mu+2} mu- & S84l HO}2}.
= Holst AX}E0f ot2fe| Physics processesE F7I51042}.
= geantinos: transportation

» electrons: G4MultipleScattering,G4elonisation, G4eBremsstrahlung
» positron: G4eplusAnnihilation

* muons:G4MultipleScattering, G4Mulonisation,
G4MuBremsstrahlung, G4MuPairProduction

= SetCuts()0ll ¢l Yxt=2 HIet cuts =USI0EL

= exampleN02E H 11, Particle iterator2}t FindParticle()2| A}
SHE 25 Hol= YXtE 20U 2olEL

= electron= 21, calorimeter0|A{2] shower develop= &
off 2oz}
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Event

AddPrimaryVertex()

primary particles

primary vertex AddPrimary()
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Evento| 74

= Event= #2 Primary particleE2 74 EICL.

» G4PrimaryParticle(PDGcode,Px,Py,Pz)
» G4PrimaryParticle(G4ParticleDefinition * Px,Py,Pz)
= EventO= Primary vertex?} Q!LC}.
» G4PrimaryVertex(Vx,Vy,Vz,T0)
» G4PrimaryVertex(G4ThreeVector,T0)
= G4PrimaryVertex2| HH{ g2l AddPrimaryS 0|85l
primary particleS & vertex0l| S5 ¢tCt.
» AddPrimary(G4PrimaryParticle* aParticle)
= G4Event2| AddPrimaryVertexS S5l Vertexg SE$IC}.
» AddPrimaryVertex(G4PrimaryVertex *aVertex)

2021/11/09 KCMS Lectures on Collider Physics 124

124



'G4VUserPrimaryGeneratorAction

= G4VUserPrimaryGeneratorAction= AM2Xt7} X35} O} o}
= O0pX|9} Y=HQl gt+2 0|F 55l XH2e| Primary
Generator Action2 THSH EIC}

= primary particleS0| 0{E27| HdE|=71& 0| 20 2=
C

= G4VUserPrimaryGeneratoAction= GeneratePrimaries()2}
= virtual &£ 7{X|11 QIC}. O] &= Of eventlt{ OfC} St
BHN Xfso 2 S0t o] g9 QIXIE event ZQIE{E H
HAF LR, eventO| primary particleE2 S5 AMZ + ULCL
= GeneratePrimaries(G4Event* anEvent);
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-ryGenerator

= G4VPrimaryGeneratorAction::GeneratePrimaries()7| event
ol XSS e 22 | CHYFSt kinematicsE AL =
Al 5= % G4VPrimaryGenerator2}t= abstract 22{AE 4
6| AL2XI2H2| Primary GeneratorE THE = QUL
= OJ7|A Primary eventE T/4StH E|ZIC}.
» GeneratePrimaryEvent(G4Event* an Event)
= AM2XHE PrimaryGeneratorAction®|A FH|E|0] Q= CHQF
¢t PrimaryGenerators 5 ¢t 7S =2 2H FICL
= G4VUserPrimaryGeneratoAction= O event?| T2 M|A If
virtual W &2l GeneratePrimaries()S = =¢HC}. O] j
G4VPrimaryGenerator2| GeneratePrimaryVertex()& &
ofH EILC}
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'MyPrimaryGeneratorAction.hh2| 0f

#include "G4VUserPrimaryGeneratorAction.hh”

class MyPrimaryGenerator;
class G4Event;

{
public:
MyPrimaryGeneratorAction();
~MyPrimaryGeneratorAction();
public:
void GeneratePrimaries(G4Event* anEvent);
private:
MyPrimaryGenerator *TestBeam;

L
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class MyPrimaryGeneratorAction : public G4VUserPrimaryGeneratorAction
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'MyPrimaryGeneratorAction.cc2| O

#include “MyPrimaryGeneratorAction.hh”
#include “MyPrimaryGenerator.hh”

MyPrimaryGeneratorAction::MyPrimaryGeneratorAction()

{
TestBeam=new MyPrimaryGenerator();
}
MyPrimaryGeneratorAction::~MyPrimaryGeneratorAction()
{
delete TestBeam;
}
void MyPrimaryGeneratorAction::GeneratePrimaries(G4Event* anEvent)
{
TestBeam->GeneratePrimaryVertex(anEvent);
}
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'MyPrimaryGenerator.hh2| 0j

#include “G4VPrimaryGenerator.hh”
#include “G4ThreeVector.hh”
#include “G4PrimaryVertex.hh”
#include “G4ParticleDefinition.hh”
#include “G4ParticleMomentum.hh”
#include “G4Event.hh”

class MyPrimaryGenerator: public G4VPrimaryGenerator
{
public:
MyPrimaryGenerator () ;
void GeneratePrimaryVertex (G4Event *evt) ;

private:
G4ParticleDefinition *beam;
G4ParticleMomentum beamP;
G4double beamE;
G4ThreeVector beamV;
G4double beamT;

};
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'MyPrimaryGenerator.cc2| 0

#include “MyTestBeam.hh”
MyPrimaryGenerator: :MyPrimaryGenerator ()
{
beam=G4Electron: :ElectronDefinition () ;
beamE=10*GeV;
beamP=G4ParticleMomentum(1.0,0.0,0.0);
beamV=G4ThreeVector (0.0,0.0,-100.0) ;
beamT=0.0;
}
MyPrimaryGenerator: :GeneratePrimaryVertex (G4Event *evt)
{
G4PrimaryVertex *vtx = new G4PrimaryVertex (beamV,beamT) ;
G4double px=beamE*beamP.x() ;
G4double py=beamE*beamP.y() ;
G4double pz=beamE*beamP.z() ;
G4PrimaryParticle *part=new G4PrimaryParticle (beam,px,py,pz);
vtx->AddPrimary (part) ;
evt->AddPrimaryVertex (vtx) ;
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G4ParticleGun

» G4ParticleGun2 Geant4’7} N|&35l= OfF 7| 2X0l
Primary generatorO|L}.

= G4ParticleGunt Of2{2| Cr¥et & ALE0H Primary &
XSS QHEC

void SetParticleDefinition(G4ParticleDefinition*)
void SetParticleMomentum(G4ParticleMomentum)
void SetParticleMomentumbDirection(G4ThreeVector)
void SetParticleEnergy(G4double)

void SetParticleTime(G4double)

void SetParticlePosition(G4ThreeVector)

void SetParticlePolarization(G4ThreeVector)

void SetNumberOfParticles(G4int)
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-Hﬂ

= X2 ZHCESE MyDetSimO|2F =22 a2 it A
E7|7|- Z5tX| &= world volumet SEt
DectectorConstruction 22jA S 2Hd 5|2}

- geantino'ﬂ SE&5t1, Transportation ZEMAE A 5}0]
2. Cut2 defaultZtS 25 435102}

= G4ParticleGun0] ¢|0|X S& ¢t geantinoE Z0{M 1GeV2)
X2 x=0f WSt WSO 2 (-1.0m,0m,0m)0j|A| HIAE
WS 202

» rund} event2| verboseE WSl SHES U H =510
cf.

2021/11/09 KCMS Lectures on Collider Physics 132

132



Chapter 6: Visualization

133

Azt 2| x|

= MAX|AO visualization2 FX|SHX| %US AL = cmakeS
CIA] &2 E 23t visualization 20| E2{2| & MX|siC},
. _D gN8 A8
= 0|2 S0 OpenGLZ AIE23I2{H
cmake —-DGEANT4_USE_OPENGL_X11=ON ~/geant4/source
make -jN

= AlZ3} 2 M
= Default= 25 HM QULCL.

= GEANT4_USE_INVENTOR (OFF)
= GEANT4_USE_INVENTOR_QT (OFF)
= GEANT4_USE_QT (OFF)
» GEANT4_USE_OPENGL_X11 (OFF) : Unix only
= GEANT4_USE_RAYTRACER_X11 (OFF) : Unix only
= GEANT4_USE_XM (OFF) : Unix only
» GEANT4_USE_OPENGL_WIN32 (OFF) : Windows only
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OpenGL

A
o3
ry
i
o
o

T
L=)
in|

H .
= /vis/open OGLX =
OGLXm S2 A8
» $G4INSTALL/source/
visualization2|
OpenGLO| HX| |0
ofgt

= GLXEH|7I NvidiaZ
Off LIEFLILE, X AR
Sl DISPLAYE MH
ofH & X-FEICL

= /vis/viewer/set/view
pointThetaPhi 40 40
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DAWN

= DAWN 229| Fukui University CHEH0|A] BHE HIE{Z 7|
&E|= 3D PostScript 2| 7|0|C}.

. O A 3.88atHH 2 =
Ct.

= RedHat9.00{| = 3.85e, Fedora rel32 3.88a 0| XC}.

= HIEO 8IS 202 2|6l = OFSEHCt.

= AE7|0] " S Qs EA=0| F2 2A0ICt

= Remote visualization, cut view, off-line re-visualizations
CIYst 7|52 HSStCt.

= visualization StFH-5§ MESIH Geant4EH¥ Al prim L
O|E{ & Tt=CE

| Sy —

1
2
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http://geant4.kek.jp/~tanaka

= £ =3J9°| DAWN driverZ} !C}.
. DAWN-Flle
= DAWN-Network
= DAWN-File driver= 3D datagS g4 prim o|2t= O| 2| m}
U2 E"°H:f Geant4 *1|*"°| L & DAWNS A|ZHs)
PostScriptZEHE2 ¥2 + '-'-f
= dawn g4.prim
= DAWN-Network driver= 3D dataS T
HUjD oM DAWNS H3sl 2 5
= /vis/open DAWNFILES| HH S £2C}.

CP/IP socket2 £l
UA| s =Lt
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'DAWN GUI (page 1)

2021/11/09

|~ =4 Fukui Renderer DAWN ]S
OK | Undo | Save Default | Load Default Exit | Help
Page Jump | pagel/4 Camera | << | Ny £ | Page Clip
‘ Camera Distance { AUTO (very large) if non-positive ) | “3.44921e+06
Polar 0 |5 d
Camera Angle —
Azimuthal 0 [EE -
Auto Targetting |\ Yes | No
Xcoord o
/pefaun Targetting Point Y coord
Z coord 3405.91
Magnification (1.0 is full size) 1 «—
& Wireframe ~ WF-Stored
Viewing Mode ~ Surface < Line
s Surfacez L
3D Tolerance | [o.001
Display Parameters and Axes |v Yes | & No
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'DAWN GUI (page 2)

|~ i Fukui Renderer DAWHN

e
oK | Undo | saveDefaut | Load Defautt | Exit | Help
Page Jump | pagez/d Light | << | > [ Page cip
‘ R e
Source Light R G B 1 [
1 I |

Ambient Light R G B .

Light Direction

Polar

19 [EMCICH

Azimuthal 71

L
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[~ =4 Fukui Renderer DAWN ) 5
ok | undo | SaveDefautt | LoadDefaut |  Edt | Help
Page Jump | pagesd/4 Edge | << £ | Page Clip
ordinary 0.1
Edge Width (mm, invisible if negative) outline 0.1
auxiliary 0.1
Solid ~~ Dashed
Style of Auxliary Ed =
ekt A ¥ Invisivle v
Threshold Angle of Auxiliary Edge 70 [ |
Line Width (mm, minimum 0.0) | |jo1
Haloing s Yes 4 No
Dashed Edges for Back Faces (WF_Stored mode) ¥ Yes ~ No
2021/11/09 KCMS Lectures on Collider Physics 140

140




'DAWN GUI (page 4)

= -W Fukui Renderer DAWN

oK Undo Save Default| Load Default Exit Help

Page Jump | paged/4 Device <= Page Clip

%, EPS + X |
~ EPS-LS |\, X-LS5
PostScript Previewer (NONE to skip previewing) | Ilgr;ostview

Device Selection

Add showpage to EPS files /I—v Yes 10 No |
. 7 |
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-w Interactive Remote Event Display

= JAS 3 & M X[t
= JAS3E &SI View>Plugin ManagergE MEiS}
WIREDZ} DX E[0] A=X| =0l

|

2%,
= /vis/open HepRepXMLE MEHSIO| E|AE
= So far the best option
. At X S1X}
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http://jas.freehep.org/jas3

=0l

B¢ ER Yow Tuple Run LCIO Window Heb

[aass
= AI"'H"‘I_‘] £ _ e . : —
™ —_— o & = B 2 |[@ CrOocunents and Settrgidurs SLAC\Deskxp\AN Dutput hegeen 5 TP m [2exDe BOR@
JAS3S =3ord ot e, T

WIRE4% Jélag EET ot w ~—
= Open fileOj| &

heprepiid = M

El

= GUIEZ K|
Hjoj QL= ofo| 2
S0 O AS 2t
Coj 2o L
ert

.....

(CRck 10 200m in, AR-CRck 10 200 0w, D1 rmwend o cutward 10 instant zoom. [1] o EEc
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‘A|ZF8} £ d: Visualization Attributes

= G4VisAttributes= A|Z2t £83 X &5tz Sae20|Ct,

= AlZ}e} £/d(Visualization attributes)OI , M 23} stax} st
= 4, &, HE719] volume, Y%t X, SS0| EdE

[[H }Ao:lxl AH77|-' ﬂ_o_l %7' ==o| Ao-|7—|:lg |:|E|.-6-I_EI_

= ZtZto| L4 (Ol E S ZHZE7| volumeE LIEHHE G4BoxE)
Ol= 371, RAS0| -FP‘"EI'.: HHH Visualization attributes
Q_II AI7I-§|.Q-"I:I} Mol E':”' ':"_T'_ 9I|_'_|.
= VisAttributes?| ‘442 CiAtst WHS &
= GA4VisAttributes();
» G4VisAttributes(G4bool visibility);
= GA4VisAttributes(const G4Colour& colour);
» G4VisAttributes(G4bool visibility,const G4Colour&);

Illlo
me -

= AL
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A|ZS} £ 4 visibility (Boolean)

= Visibility%/d 2 29I X|XE FACt 2Lt 516 Visualization
Manager?} A|Zt3t IPEd S A2 uf O o2 nae X
OlLIH 1'F Fo{ZX|E HEetrt.
» G4VisAttributes::SetVisibility(G4bool visibility);
OlE &9, SetVisibility(visibility=false) 2 4’4 s}H
Visualization Manager?} L2 FA|Stal CHE CH 2] A
Z}otz 'gOo{ZtCt.
= FIE InvisibleO| 2 X 471 2| k[0f A0], CHEZ 0| A
Hi2 MEigr 5= QUCt
= static const G4VisAttributes Invisible
» object->SetVisAttributes(G4VisAttributes::Invisible);
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AlZt3t £4: Color

= G4VisAttributes= MZ'Z G4Colour?| object2 X &oiC}.

= G4Colour= RGBAZ =2|= 3712| M’Z(Red, Green, Blue)
1} 1712] £ & (Alpha, opacity)E LIEIHLHE= 4712 05E 1
X8| =XI2 /g EIC}.

» G4Color(G4double red=1.0, G4double green=1.0, G4double
blue=1.0, G4double alpha=1.0);

= G4VisAttributes (‘8’3 X}, I Ek)

i)
» G4VisAttributes::G4VisAttributes G4Colour white ();
G4Colour white (1.,1.,1.);
* (const G4Colour& color); G4Colour gray (.5,.5,.5);
G4Colour black (0.,0.,0.);
G4Colour red  (1.,0.,0.);
- H H H . G4Colour green (0.,1.,0.);
void G4VisAttributes::SetColour Gacolour blue (0.0.1):
* (G4double red, G4double green, G4Colour 0.1.1.);
G4Colour (1.0.1.);
. G4double blue,G4double alpha); G4Colour (1.1.,0.);
C e
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A|ZS} £4: wireframe , solid styles

volume=S 18 I Mo 29 B3i5t= 7} (wireframe), Of
LIH HE 2| 7H(surfaces)0l M2t o{2{7tX| A|Ztzt &/d
O| LtE}HCE,

Wireframe2 212|™ ZAZE7|7} EHSA 0|2, £0H0
s0A= 87| 8k = =+ ULt

Surface212|H A X}t 20| Xt Lt ZHG OIE LIE}

LH A
2 =+ ALt

Wireframe2. E2} Solid2EE MO Al2SF 4+ & QIC|
Forced wireframe®} forced solid= Of2i 2} Z0| Ho|stiCt,

void G4VisAttributes::SetForceWireframe(G4bool force);
void G4VisAttributes::SetForceSolid(G4bool force);

2021/11/09 KCMS Lectures on Collider Physics 147

147

Chap. 7: Run and Event
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= Run2 A 7157| X3 o] 71| eventE 22 TH7{0]

1, Geant40|M G4Run SejA 2 BEHEICE

= G4RunManager?} BeamOn() &+& £E Il {22 RunO|

M EICE oF 719 Run'-Hoil*'l HE719] geometry,
Physics Z2MA S8 HIE 5 elrt

: G4Run% CtEel sact ESS 71X ULt
= 189 runHz (X Geant4d= O|F+E ALESIX| = %=L
s run._|'°|| =0 A= AL 7
= Sensitive Detectors0]l 2’8 El G4VHitsCollection E|0| =
= Digitizers0fl 2% 0j| [} 2 G4VDigiCollection H|0|&
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\G4RunManager (1/2)

= G4RunManager= Geant42| 2= A|E2{|0|M 1PIE &2
ol= 7Hg s % SafAL)

= G4RunManager= singleton O|Ct. & Z2H =3 F
X| 8 7H2] Run Manager2t Zx|5tCt,

2 SetUserlnitialization() 2} SetUserAction() 2| 2|5}
G4RunManager0f| 5 E|0{Of StC},
» |nitialize()
= UserDetectorConstructiong €2 AE7|E =L

C}.
= cross-section tables2 A AtstC},
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» AR X}O| initialization 2eA S 1 AF2XIO| action A

ly
i

=)

u

uin

= UserPhysicsListS 22| AF8 & YUXIS 3 physics processesE &gt
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\G4RunManager (2/2)

* BeamOn(G4int NumberOfEvents)

= MZ2 Rung PHE1, NumberOfEvents®HE event loop= =L}
= GetRunManager()

= singleton?! G4RunManager object?| ZQIE{E &0}
= GetCurrentEvent()

= S A EZ0|MFQ eventl| ZQIEE HHSECLL.
» SetNumberOfEventsToBeStored(G4int n)

= 0{2] 72| AMHE ZOtN XEE uf £Ct BeamOn()0| E2{X|7| Hof

MM E ofiof StCt.

» GetPreviousEvent(G4int i_thPrevious)
« A ™ A EOIEE WAHZEC},

C

——
.

h
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‘G4UserRunAction

» G4UserRunAction= AF2X} action AR, A2 XL 0|2
5l C2o| F7le| &4+E overloaddto] XfAITEO| run Al

=g B 4 Qlr

» BeginOfRunAction()
. BeamOn()°| = 2| X} Ofxt 3|, o]
= S|2EJMZ dX|st, 7|E} run of 2t MBS Tt

» EndOfRunAction()
. BeamOn()°| I1I°' UHI"* '=F74I01Ik| SUCL S| 2AEOMS T, run
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Geant47} O HE§QIXIE LaH
+ Geantd7} BT SE ST U AlEf(state) 21X S O 7

2 02 Z25ICt. Geant42| A
C}.
= X7|2}HEHA| (Prelnit state)

RunManager?} £7|2t& O} R 2X| QI2 HEf. X| QM EZ|L} T2 M2, A
ZFE0| HFY ™ o] AERZ} EIC.

= X7|2HHA| (Init state)

* G4RunManager?| initialize()7} T=H&|1 A= THA.
= [ AMHER (Idle state)

= Geant47} FA7IE 7|Ct2|0 ZHAUS 7]
» HIZALCHAY| (GeomClosed state)

= BeamOn() has been invoked
= AZATISHAE] (EventProc state)

» GetCurrentEvent(), GetPreviousEvent()?t & 7}
= ZETH (Quit state)

* G4RunManager?| destructor?} S2{X = 0.

l'|1

= G4RunManager?t Z%d

o 12T

!
o
rr

THAl

or
Ot
n
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Run?| 2
= N7} EMStALE }olX| 2= Runs AlE2]0|M Sof F2
St2{™ G4RunManager2| AbortRun()2 2™ EIC}.

= AbortRun()2 GeomClosed&EHL} EventProcE{ O M2t £
& = ALCL (712 dZsl 2 Tast 2|}

= Ot AHAE AlZE[0]|M Sl= =5 AbortRun()Ol =8N
RunO| EL}A| &[™, 3 Run?| O}X|2} event= corrupteds!
Qlg 3HEO| 002 EMO| AHRSIX| UXL.
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‘Customizing G4RunManager

» G4RunManager2| 2= HH &4= virtualO| 22 ALEX}7}
0| S Abyof XpAloko] RunManager% S = AL

public:

virtual void Initialize();

virtual void DefineWorldVolume(G4VPhysicalVolume *);
virtual void AbortRun();

virtual void BeamOn(G4int n_events);

protected:

virtual void InitializeGeometry();

virtual void InitializePhysics();

virtual void InitializeCutOff();

virtual G4bool ConfirmBeamOnCondition();
virtual void Runlnitialization();

virtual void DoEventLoop(G4int n_events);
virtual G4Event* GenerateEvent(G4int i_event);
virtual void AnalyzeEvent(G4Event* anEvent);
virtual void RunTermination();
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HE7| geometry?)

= Runi} Run*foloﬂkl" AE7|0]| 22 HeS 71 £+ ¢
(0IE &H E87|2 =3 =8 E=CHAHY, E= 57| E
@-?'—-h-ml -'|=-771|E ZHESICEAL

= = Rund} RunAO|0f|A{ O}of 7|-’£-9-| HA=7|E oo giofn
*HE-.-: HAEI|1E 2 & ULt o] Z220|= World volume
g G4RunManager01| CHA| S5 ¢ “'R7|' ALL.

G4RunManager* runManager = G4RunManager::GetRunManager();
MyNewGeometry newGeometry;

G4VPhysicalVolume* newWorldPhys=newGeometry.Construct();
runManager- >DefineWorldVolume(newWorldPhys);

« £ 4R 55 X|QHE2|7} v AMYE G4RunManagerd|
Al &e{of BiCt.

runManager->GeometryHasBeenModified()
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= Geant40{|M ot 72| E2|AIH2 G4EventE AR 7| = EICL
= G4Event objectE G4RunManager0]| 2[sff M x|, M d=
5ol = G4EventManager?| 22|E Y=Lt
= AlE0|H FQl §xHe| AFHH2 G4RunManager?|
GetCurrentEvent() &5 2 EE2EM HS = ULCL
» G4Event= EE|AIH2| SR2°% 471X BES 71X UL}
= Primary vertexes2} primary particles
» Trajectories (G4TrajectoryContainer)
= Hits collections (G4HCofThisEvent)
= Sensitive detector0f| 2|5 A4

» Digits collections (G4DCofThisEvent)
= Digitizer0f 2|8l 4/
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(G4EventManager

= G4EventManager = At S CtE &= DL X S2jA0|C},

| =i =)

= G4PrimaryVertex?} G4PrimaryParticle object&2 $ 2| G4Event
object?} G4Track object=0f| HZA|ZICt. 2|11, BE G4Track
objectE 2 G4StackManager0| 2HLC},

= G4StackManager2 H£E| $t 7§9| E=lobject = THU,
G4TrackingManagerOf| Al 2 HC}. G4TrackingManager7t E2Z 2 A
EsjE D, MEjstH “killed"2t2 EA|SHCE (LHS0] G4EventManager
7t killed2} € 2 E®object§S X|-2L}.)

* In case the primary track is “suspended” or “postponed to the
next event”, it is sent back to the G4StackManager. Secondary
G4Track object returned by G4TrackingManager are also sent to
G4StackManager

= GA4StackManager?| C 0|4 EL{ZE Z0| 212 H, G4EventManager?}
ST 9| event processing= ZHCL,
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-entAction

= G4UserEventAction2 AL&X} action 22N, F 742
virtual &+E AIX7F RHEESHO E2|AMHE AHHTHY
2 M5 ELY 5 U =L

» BeginOfEventAction()
= primary particlesO| G4Track objects2 SE&|7| 0| E2ICt. Primary
particleS2 ZH5}7{Ll, event-by-event S|AEGM S MEIS mf A0ICt
» EndOfEventAction()

» event ZE M 29| OkX|%} THAIO| A = 2ICL. event-by-event analysis7} 22
g oy E2Ict
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(GaUserSteppingAction

= G4UserSteppingAction= event?| A|ZtTa} Ofx|2k CHA|Of
M| actionO| O}l, A|E2j0|M Tt AR SF AR CHAO) OfLH
ot actionO] 2R O 2AAQICt,

= G4UserSteppingActions A&6l|l AF2Xt2te
SteppingAction2 ZHS 1, 0| F RunManager0|| S5 tLC}.
» void UserSteppingAction(const G4Step*)

= O] ALEX} SteppingAction &= E-Z 2pP°d T Of 280t
Ct S2ICk ZH 2810 A0{M Eash HE = G4StepEAEE
of 2= =+ ALt

Ofm
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Chap. 8: Tracks & Hits

161

Gastep (1/2)

EIC}. G4Step2 Ct32| ESS A=C
» pointers to PreStep and PostStepPoint
» Geometrical step length
= True step length (MSS 11&{)
» delta of position/time between PreStep and PostStepPoint
» Delta of momentum/energy between PreStep and PostStepPoint
» pointer to a G4Track
» Total energy deposited during the step. This is the sum of:

= Energy deposited by energy loss process

= Energy loss by secondaries which have not been generated because
their energies were below the cut threshold
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= GAStepO|ZH AP S X2 A|ZIEHR 2 Z7H oF =710|2t B2 H
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Gastep (2/2)

= G4StepPoint (PreStep and PostStepPoint)2| HE &
= (xy.zt)
" (px.py.pzEk)
= Pointers to the physical volumes
= Safety
= Beta, Gamma
» Polarization
= Step status
» Pointer to the physics process for the current step
» Pointer to the physics process for PreStep
» Total track length
» Global time
» Local time
* Proper time
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= Hito| 2t A&7(2| MAMHHo| Ezlo] Satgd Il H7|= Xt
9 *l*':*°|°|':f

= G40|A = G4VHItO| Tt HO|A S| AE M| SSHH, A X7}
O|E 56l Xp7|e] A& SHA| MyHlt; Holsf| 22 EICE

= G4VHit2| Draw()2} Print()2t= HFY e+-E LB Z =)
AL Xtof| SHA| A sict,

= eventLj 0| Al = G4VHitsCollection2 5 HitS S X &Hstc}.

» G4THitsCollection= G4VHitsCollectionS H}EtC 2 o
template S22, ALEXI2| MyHitS B2 + ULCL
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MyHite] of

#include "G4VHit.hh"”
#include "G4THitsCollection.hh”
class MyDetHit: public G4VHit
{
private:
G4double edep;
G4ThreeVector pos;
public:
MyDetHit();
~MyDetHit();
void Draw() const;
void Print() const;
inline void SetEdep(G4double de) {edep=de;}
inline G4double GetEdep() const  {return edep;}
inline void SetPos(G4ThreeVector xyz) {pos=xyz;}
inline G4ThreeVector GetPos() const {return pos;}

|
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-sitiveDetector (1/2)

= G4VSensitiveDetector = &M HES ol= HE7| B2
7|=5t= H|o|]A SejA0|C}.

= G4VSensitiveDetector= G4Step2| X|A|0]| }2} HitE= 2t
L} > ProcessHits()

= S}L}2| sensitive detector clas = YEA] D GHZ 71X 0}
otCl. Ct9| sensitiveAE7|E #= 40 CHH|sH, 17
=0| CIHEZ| =& 7|'I|E§ AA|St= Zzdo| ZHCt.

» myEMcal = new myEMcal(“/myDet/myCal/myEMcal”);

= O] sensitive detector?| ZQIEE [ SE|=
G4LogicalVolume objectd| A& 5|31, G4SDManagerO]|
S5 oflof stct.

o=
» scin_log->SetSensitiveDetector(myEMcal);
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-tiveDetector (2/2)

» G4VSensitiveDetector= M| 7H2| &2t virtualgh=7} ULt

» [|nitialize()
= Of AbZIQ| AZ mf =2|0 X|H, &
0] Hit Collection0il *$dE|= Hit
* ProcessHits()
= sensitive detectorg E Q%= G4logicalVolumeO] StepO| 'HO{X|™
G4SteppingManager?} 0| gt=& F EC}. 0|I| G4Step objectit ReadOut
geometry2| G4TouchableHistory objectZ} QX}Z2M *AQILC},
* EndOfEvent()

« Of ApZAQ| Ofx|2tof 2|0, ZFZEO| Hit collection® G4HCofThisEvent 0f S
EA|ZICE,

= QIX}2M G4HCofThisEvent & #H=C}.
== et

=2
= 0O
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(G4SDManager

= SensitiveZd=7|0f 25t Y2 G4SDManager?} SHC},
= SDM2 singleton2 2 staticet+E 2| €S + UALCL
» G4SDManager::GetSDMpointer()
= B E Sensitive DetectorS= HtEA| G4SDManager0|| S5
A 7HOF H|Ei 2 =HF et}
» G4SDManager *sdman=G4SDManager::GetSDMpointer()
» sdman->AddSensitiveDetector (this);
= SDMO| Hit collection IDE @7{=C}.
» sdman->GetCollectionID(“My Collection”);
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Hits Collections

= Hit collection2 SD ‘d/d Ilf 1 ]O|FS F0Of 25 5 ALt
» collectionName.insert(“CalorimeterCollection”);
= BE=SDO| X=7|2} uf TS0 EICE
» caloHitsCollection=new CalorimeterHitsCollection
» (SensitiveDetectorName,collectionName[0]);
= Hit0] M/ dE uff OiC} collection0l| ‘22 ™ EICE,
* int icell=caloHitsCollection->insert(caloHit);
= ZtZ}O| Hit collection2 LIE0l eventtoll S5 A|7{%| Of o
C}. either in SD’s Initialize() or SD’s EnfOfEvent()
» static G4int HCID=-1;
* if (HCID<0) HCID=GetCollectionID(0);
» HCE->AddHitsCollection(HCID,caloHitsCollection);

-
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_ the hits collections

= Hits collections are accessed for various purposes
= Digitization
» Event Filtering in G4VUserStackingAction
» “End of Event” simple analysis
» Drawing/printing hits
= SD ManagerE 46l Hit Collection® access®tC}.
» G4SDManager* SDM=G4SDManager::GetSDMpointer();
* G4RunManager* RM=G4RunManager::GetRunManager();
» G4int cID=SDM->GetCollectionID(“cName”);
= const G4Event* event=RM->GetCurrentEvent();
» G4HCofThisEvent *HCofEvent=event->GetHCofThisEvent();
» MyHitsCollection *myCollection=
» (MyHitsCollection *)(HCofEvent->GetHC(cID));
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