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Prerequisites

ROOT2t GEANT4E 2121 3A|ZFREol| 22715k, ZHERet Off
ME s 2Cct= ,d% —~=7t=¢et 0|of7| o|Ct

- ASAE0 228t 38tEH: rRoOT 18}J|, GEANT4 28})|

Prerequisite 1: math + physics

* math: histograms, functions, statistics

* physics: mechanics, modern physics

Prerequisite 2: OS (LINUX)

* commands: ls, cd, cp, mv, rm, mkdir, more, grep

* editors: vi, vim, emacs, pico, etc.,...

Prerequisite 3: Programming (C++)

* compile: gcc, g++, make

* C++ syntax: types, keywords

* OO concept: class, inheritance
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What you can do with ROOT?

Draw text, LaTex, 2D/3D shapes

Draw functions, graphs, histograms

Fit histograms, estimate statistical erros
Data handling with Ntuple, Tree

File1/O

Network programmimg

Parallel, GRID programming with Proof
Geometry, virtual detector construction
Interfacing to Physics generators

Framework!
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ROOT Installation

Visit the web site http://root.cern.ch and get the
source

- get the pro (production) version 5.22/00

~— download root v5.22.00.source.tar.gz

— tar xvfz root v5.22.00.source.tar.gz

Setting an environmental variable ROOTSYS
— export ROOTSYS=/home/icpark/root

Installation

— cd SROOTSYS
— ./configure
— make

— make install

Setting some more environmental variables
— export PATH+=:$ROOTSYS/bin

- export LD_LIBRARx_PATH+=:$ROOTSYS/1ib
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http://root.cern.ch/

Launching ROOT

* “root” is the command to call ROOT
— root +

- A pop-up and a welcome message will appear

®00 Terminal — root.exe — 80x24
On this machine the XAWFLAGS=

On this machine the XAWLIBS=

On this machine the G4LIB BUILD SHARED=1

On this machine the G4LIB BUILD STATIC=1

On this machine the G4LIB USE GRANULAR=1

On this machine the G4UI_USE TCSH=1

icpark@localhost:~> root
hhkdkbkhkhkhkhb kb hhkhhhhhhhd kb db bbb hhhdhhhdhhd

WELCOME to ROOT
Version 5.22/00 17 December 2008

You are welcome to visit our Web site
http://root.cern.ch

* % % % % ¥ ¥» »
* % % % % % » »

e e e e e e e e e v e v e v e e e e e o e o e ok e ok v e o e vk e o e e e e e e e o e ok

ROOT 5.22/00 (trunk@26997, De 18 2008, 10:17:00 on macosx)

CINT/ROOT C/C++ Interpreter version 5.16.29, Jan 08, 2008
Type ? for help. Commands must be C++ statements.
Enclose multiple statements between { }.

root [0]
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ROOT command

“How to quit?” is a top ranked FAQ

- q

ROOT commands start with “.”, otherwise ROOT
understands as “C++” statements.

Some basic ROOT commands

R | (quit)

- .X (execute a file)

- .L (load a file)

- .1s (ls on current directory)
- .pwd (print working directory)
— .! [shell] (execute a OS command)

- .T (trace mode toggle)
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ROOT as a C++ interpreter

Thanks to CINT, ROOT is a command line C++
Interpreter

example 1

— root [0] Int t a;

-~ root [1] a =3 * 5;

— root [2] cout <K< a << endl;

- 15

example 2

— root [0] Double t x=1.3, y;

— root [1l] y = TMath: :Erfc(x)

~ (Double t)6.59920503287388940e-02
— root [2] TMath::Sin(TMath::Pi())
~ (Double t)1.22464679914735320e-16
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Load functions from file
—root [0] .L mymult.C
—root [1l] mult(3,4) // nmultiply a and b

> nmore nymult. C
doubl e nul t (doubl e a, doubl e b){

return a*b;

~ (Double t)1.200000000e+01 |,

—root [2] mult() doubl e mult() {

—enter a number:4 double_t a, b;

cout << "enter a nunber:":
—enter a second number:8 cin >> a:

cout << "enter a second nunber:";
— (Double t)3.200000000e+01 cin >> b

_ return a*b;

ROOT internal functions
—root [0] TMath: :Pi ()
—3.14159265358979312e+00
—root [1] gRandom->Rndm ()
—9.99741748906672001e-01

Jul 1-2, 2009 2009 22|21 : ROOT & GEANT4 10



Lecture 2:

ROOT Classes
& Practice



ROOT classes

ROOT EtAE E2F “T7"E AFgict.

— TCanvas (Canvas window)

— TF1l (1D function class)

— TF2 (2D function class)

— TH1F (1D float histogram class)

— TH1D (1D double precision histogram class)
— TNtuple (Ntuple class)

— TFile (ROOT File object class)

-~ TGeo* (Geometry classes)
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ene X| My Canvas

ROOT 2 1Es 2|8 ™

F4 &o| HER3SiC.
TCanvas — 7}& o| AM0|
— output Z&lo|C}.

— TCanvas *canvas = new

TCanvas (“can”, "My
Canvas”) ;

TCanvas &2| 37|29 X|E He| & = UC.
— TCanvas (“can”,”My Canvas”) ;
* create default widow
— TCanvas (“can”,”My Canvas”,300,400) ;
* window size = 300x400
— TCanvas(“can”,”My Canvas”,100,200,300,400);
* upper left corner starts at (100,200) & size of 300x400
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2 o< =ct. ;

1D function

~ TF1 *f1 = new TF1(“fl”, y:
"sin(x)/x”, -20,20); 02

— funl->Draw () {

2D function

- TF2 £f2 = new TF2 (“f2”, — _
”sin(x) /x*sin(y)/y”, S|
-20,20,-20,20) ;

- £2->Draw (“'surfl”)
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Histogram 2 A2|5t11

— TH1F *hl = new TH1F(“hl”,
"My hist”,100,-5,5);

Histogram € <1

~ h1->Fill (x)

Histogram 2 12ic}

— hl->Draw() ;

2D 2| &

— TH2F *h2 = new TH2F (“h2”,
“My hist”,100,-5,5,100,-
5,5);

- h2->Fill (x,y) ;

— h2->Draw(“lego”) ;

Jul 1-2, 2009

ene
File Edit Wiew Options Tools

1D hist |

h1

400—
350
300
250
200—
150"
100—

50—

o_uuwuu

Entries 10000
Mean -0.007971
RMS 0.9965

8eoe
File Edit Wiew Options Tools

2D hist |

h2

Entries 10000
Mean x -0.00555
Mean y -0.03225
RMS x  0.9983

T RMSy  2.887
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— TTree *tree=new TTree (“tree”,”My tree”);

O{EEl Object = 11 F=AE branch(7}X]) 2
ULCt. | E HX},

Tree &= B2 29| Clekst H0|EHE MAESIT| /A Tt
= 7H‘.——_’.'0|'-’—} Ep|MM2 o #ct.

s=g %

typedef struct {float x,y,z;} PO NT; PO NT point;

THLF *hl= new TH1F("h1","h1", 100, -4, 4);
TTree *tree = new TTree("tree","My tree");
tree->Branch("point", &oint,"x:y:z");
tree->Branch("hist1","TH1LF", &1, 128000, 0) ;

for (int i=0;i<1000;i ++)

{ ...
hl->Fill (vl);
point.x = hx; point.y = hy; point.z = hz;
tree->Fill();

}
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ROOT 2| Cikgt LENMESZS mialo]| FolEX}
— TFile *file = new TFile(“file.root”,”RECREATE"”) ;
e of £ rCjetkst QHHMEES Write() siC},

— hist->Write() ;
— function->Write() ;

— tree->Write () ;
= (=]
s BoH £

— file->Close () ;

Jul 1-2, 2009 2009 22|21 : ROOT & GEANT4 17



2D Shape 12lE QEHHE

- TBox,

TArrow, TArc

3D Shape 12T 2EHE
— TBRIK, TTUBE
TGeo E2IAS O

R7HX| 1

= 18 = UCt.
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L
U
[
Jung i
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Lecture 3:

GEANTA4
Installation
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Geant4 - Picture gallery

ATLAS Muon Chamber
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http://geant4.web.cern.ch/geant4/gallery/fullsize/LISASpacecraft.jpg

Geant3 vs Geantd4

Geant3 = 80 4LCHol FORTRAN £ HIEI©oZ2 LEPAH
o gt X|SHo=E YUESIFHC).
- SA8 NQHERE &XI6t)| 8SUD, cap 2o ASEIS

— Electromagnetic, Hadronic physics ZZAHASS & 1dl
OI=35tJ1JF =83t Xl L UCH. 100Mev-100GeV DHXI O & &S5}

- Ed2 3ES 3o 22 Hd01ED1 Ot S&E6HALCH .

oh

Geant4d = LHCAIgS sl 90 HAO]| FHIFEEH FH|
= 00 7|gtel A&7| Al=8lo|Eo|ct.

- 000122 o009 HEE Ct WE&CLCt.

- N&EH2EH cap XNLHEZ SAas Met, s&8s XALHEZIE C

- —
= A O]

= T MJ—,— ’ CAD 9" ojl'o
— Physics T2 N A2 &d0I=It &0I6lCt .

H
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Geant 4

H2emill 8- = toolkit for the simulation of the
pazsage of particles through matter.

I has been developed and maintained by a world- e
widde Colfaborafion of approximately 100 selenfists. ATLAS o fET CERI

w Bﬂéfﬁsg“ Itz application ateas inelude
é« bl g m;;wy” bigh energy plersics, astroplosics and moclear physics

experiments, medical, accelerator and space science studiss.

= C| =t AREof

i#= | - | SourceForge.net Ol
; T | MEs sE F3o| os B2
b e e s | 5 X‘| 7(|'§ Frodg = QUZICH. & T

H;#hitsmmed X.I OI_|7C =] I:él-0|'0|:

Software Engineering o=

techniques and Chject
Oriented technolo gy to
achieve transparency of
plirsics inplermentation.

5;.1 HCh T @““ﬂ'ﬁ .......

]
Enadbier Fut. of Preics THEE Protring KEPHI Ioscome Pittshnmz Tk ersiy
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http://geant4.cern.ch/collaboration/members.shtml

Geantd4 documentation

GEANT4 9 34| F5|o|X]|

— http://geantd.cern.ch

GEANT4 & 22elolM & = U= R
— http://www.wlap.org

GEANT4 £ 7|=%t ==

— Nuclear Instruments and Methods,

— IEEE Transactions on Nuclear Science,
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TJM-48TJFY8-5&_user=145269&_handle=V-WA-A-W-E-MsSAYVW-UUW-U-AAVYCABEVE-AAVZUEVDVE-YWWWCDVAA-E-U&_fmt=full&_coverDate=07/01/2003&_rdoc=4&_orig=browse&_srch=%23toc%235314%232003%23994939996%23434441!&_cdi=5314&view=c&_acct=C000012078&_version=1&_urlVersion=0&_userid=145269&md5=8e2714edb10b952cbe8557f511685d59
http://ieeexplore.ieee.org/xpls/abs_all.jsp?isnumber=33833&arnumber=1610988&count=33&index=7

Geantd4 & 2% : 1|+ &

- 2 Z=E Linux 2t g++ S HIESE BiC}.
- X2 0] ZZ= Mac 0osx & g++ OIA 322 ULCH.

- Windows 2} cygwin, VC++ 2 Mx|5lE Zie &2 Zx}
ol M= CtEX| gf=rCt.

- 7123 root A= MX|SIK}.

- 22|0 :';E=|E| DE D7|X|& =sgE ClA3o0| S0l A
%|3tX}. (£ =2 Aol network mount & Zdof| Cj
H| 5K} )

- HE /usr/local, /opt, /cern, /home/geant4d S &
o] MXx[at, o] Z=olAM= MdX|& CI8EZ[E $DSKPHY
2t 7p™sict.

- 24 CLHEP } GEANT4 £ st &g olEX}.

— mkdir SDSKPHY/CLHEP

— mkdir $DSKPHY/GEANT4
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.S Fh

-
T =
HFE= A

h

- C++

CEeta dx|5tx| Hof--- R 71X & & elstAL.
AX0{0F 5l= A=

¥
El

I ( g+t )

- CLHEP cl0lEd2|
— GNU make
— GEANT4 source

= ZEoA= ofellel HEE JHX|[ &

—gcc 4.0.1
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Geant4 2| 4| : CLHEP & 2% (1/2)

* CLHEP O|&t Class Library for High Energy Physics £
o o|E22, NoYX|EFES St c++ S2lA 2to|EE ]
o|C}.

- eerd, e, Y, MY, XM EE S =20

LS
- 87 HA 1.8, 1.9, 2.0 S22 WA Fo|L} GEANT4
v8.0 2 2.0 o} & oj2zlct. (Remember, serious
consequences happen when you upgrade your wife!)

- /afs/cern.ch/atlas/project/geantd4/4.2.0/CLHEP, or
/afs/cern.ch/sw/lhcxx

— clhep-2.0.2.2.tgz 2 2™ 2.0.2.2/CLHEP 0| MHE
— $DSKPHY/CLHEP/2.0.2.2/CLHEP
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http://proj-clhep.web.cern.ch/proj-clhep

Geant4 2| 4= : CLHEP & 2% (2/2)

= ZdFoAM= 2.0.2.2 & ALSRCE (clhep-2.0.2.2.tgz)

$DSKPHY/2.0.2.2/CLHEP

— $DSKPHY/clhep-2.0.2.2.tgz (5MB)
— tar xvfz clhep-2.0.2.2.tgz

— cd $DSKPHY/2.0.2.2/CLHEP/

— ./configure
— make

— make install

7|23 CLHEP BASE DIR=/usr/local oO|C}.

— /Jusr/local/lib
— /Jusr/local/include/CLHEP

0|72 CLHEP Alx|= Zo|c}.

Jul 1-2, 2009
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Geant4 & A2 A 2
= 9

2 Azl CtRE HH
ukt:E+

download
— http://geantd4.web.cern.ch/geant4
— wget

http://geantd.cern.ch/support/source/geantd.9.2.

pOl.tar.gz (18MB)

installation

— tar xvfz geant4.9.2.p0l.tar.gz
— cd geantd4.9.2.p01.tar.gz

— export G4INSTALL= pwd

- ./Configure -build

230 A2A2 BHE St Ao| FHA

Jul 1-2, 2009 2009 22|81 : ROOT & GEANT4
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Geantd4 & 2] : A3

HAlol| ma} ChEX|g HE 1-2 A|ZF &
ofzie| MIAIX|Z} T Eof =H tt MF0
C}.

T} E2r},
2} o{d T+ U

HUHH BB H A BB H A BB H A BB H A BB H A BB H AR R H AR R H AR HH AR HH BB HH LB H
# Your Geant4 installation seems to be successful!

# To be sure please have a look into the log file:

# $G4INSTALL/.config/bin/$G4SYSTEM/g4make.log

HUHH BB H A BB H A BB H A BB H A BB H A BB H R B R H R B H R B R H R B HH BB HH RS H
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Geant4 ¢ A %] : Physics data & A *

Mol Ep|Z2MAE EXN 32AMM HO|EE TeZE

stct.
— G4ANDL.3.8: thermal cross section

KGOl E
KGOl E

Zg
Al 2

MONW

et =4
— G4ANDL.0.2: thermal cross section ot 4
— G4EMLOW.3.0: Low energy EM process
— PhotonEvaporation.2.0: Photon evaporation
— RadiativeDecay.3.0: Radiocactive decay

— G4ELASTIC.1.0: High energy elastic scattering
0|2 $G4INSTALL/data 2= C|E|E{2|of| X}
— mkdir $G4INSTALL/data

- wget http://.../G4AELASTIC.1l.1.tar.gz
-~ wget httpL://.../G4ANDL.3.8.tar.gz

unzip untar 5t0{ E0{=2M =IC}.
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Geant4 ¢| 4 X : visualization (1/2)

GEANT4 = J|BMx|2= oHst JaTE HMBEKX| =

C}.

AE7|e] a8t °'XP o JIdHHSS E1 4lctH,
graphic library € AX|sljo} StC}.

- X

— OpenGL

— DAWN

— Open Inventor

— Open Scientist

— WIRED3 HepRep brower
— WIRED4 JAS Plug-in

Mot okEg okst graphic library = OFF glctn £rf---
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Geant4 ¢| 4 X : visualization (2/2)

AX|Alo] visualization & MX|sIX| fUS 4= AH
f wHatedS Sol F71 Adx|& += UCt.

— cd $G4INSTALL/source/visualization

README mtels & ¢ioj&E o™ JziE Fo| ER%tHK|
£ & dds| #ZH+E MEetct.

- export G4VIS BUILD DAWN DRIVER=1

— export G4VIS_BUILD_DAWNFILE_DRIVER=1

~ export G4VIS_ BUILD VRML DRIVER =1

- export G4VIS_BUILD_VRMLFILE_DRIVER=1

— make

granular 2 2}o|E2{Z|E 74 ™ libname.map S A|
T

— make libmap
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Geant4 & Al8: 34 H
Ol AlRAtAIMo= 271510f Geantd & AI25IA}.

o
-

71X 82| ME2 ot Ss|C}.

export CLHEP BASE DIR=/usr/local

export G4 INSTALL=SDSKPHY/GEANT4 /geant4 .8.0.p01
export G4SYSTEM=Linux-g++

export LD LIBRARY PATH=$G4INSTALL/lib/$G4SYSTEM:
$LD LIBRARY PATH

export G4WORKDIR=./

el MEE .bashrcol @0 =2™ HZ|sIC}.
source .bashrc 5|'H Geant4 2 Al=H|7} Ew%iCt.
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Geantd4 make ¢ ©|3] (1/2)

$G4INSTALL/config off E0{U= o}zl
make }&of| ALZECE.
— architecture.gmk
* architecture 0| 2t&= AE
— common.gmk
ctOlEdels2 MAN ERet =2S&E0| AE

~— globlib.gmk

* compound libraries M| &= <&t Al E
— binmake.gmk
« AT S BHSI| fet 1A

— GNUmakefiles

 make Ut

Jul 1-2, 2009 2009 E 2|81 : ROOT & GEANT4
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Geantd4 make 2| ©|3] (2/2)

« Al2X}7} M= HZE7| libraries &

$G4INSTALL/lib/$G4SYSTEM o] MAM=Ic},

Aldfinlel2 $G4WORKDIR/bin/$G4SYSTEM of £0{7Zt
C}.

Aot oty 5 47l &chet AA|LIAES (object files,
dependency files, data products of the compilation

process) 2 $G4WORKDIR/tmp/$G4SYSTEM of| 471
C}.

G4WORKDIR £ MESIX| gt2™ $G4INSTALL 2 Al
SIEE2 $G4INSTALL Cl=g|e2|7} X ZsHECH. 715
XAle] AFE Al25ERL.
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ZiRtol[Al 5o{El Aldol|l CLHEP & 4 x|slkLo}fzt.
— CLHEP BASE DIR=$HOME/lib @& G}At

Geant4 & C|22E §l0{ XIAlel $HOME of| A x|l E X}

— G4INSTALL=SHOME/GEANT4

$G4INSTALL/examples 2] novice 0] £0{ = NO1
HE NO7 7HX| Hoede s|EX}.

NO1 ¢tof| £0{%l= README m}2€ 2lojEolz}.
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Lecture 4:

CLHEP/GEANT4
Syntax



7t?

B E Geant4 2AIALS .cc 9 EHHFAE =L,
B E Geant4 |2 .hh 9 EZXXE £2r).
D E Geant4 ZElAE G4 St 5 ZXE2 AlEsict.
— G4RunManager, G4Step, G4LogicalVolume
Abstract EelA= Vels § ZXE O @0 FEASICE.
— GAVHit, GA4VPhysicalVolume
2} ctojo] AlEtE H2AIE 5l0] T,
— G4UserAction, G4VPVParameterisation
BHEE 22 O|STFE S ALgSict.
— G4RunManager: : SetUserAction(),
G4LogicalVolume: : GetName ()

=)
-—
=)
-—

Jul 1-2, 2009 2009 ¥ECIE I : ROOT & GEANT4 40



— int

— long

—

—

— float -
— double -

— bool

—

— string -

o|=A

o|= 2

Jul 1-2, 2009

ShH
Ao

G4int
G4long
G4float
G4double
G4bool
G4String

CtE =23do] Z8&m falstd8 T UCt.
= globals.hh off E0{iC}.

2009 ¥ECIE I : ROOT & GEANT4
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Geantd4 and CLHEP

- GEANT4 = &9 432X 3 021 CLHEP 2z
typedef iAo Al JE}.
— System of units

— Vector classes and matrices

* G4ThreeVector (typedef to Hep3 Vector)
* G4RotationMatrix (typedef to HepRotation)
* G4LorentzVector (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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System of units (1/4)

Geant4 oAM= 02| CHHYAIE AISE = UCt.
Geant4 of|M =2[22 <A Fof| tH9lE &6 FAotct
~ millimeter (mm)

— nanosecond (ns)

— Mega electron Volt (MeV)

— Positron charge (eplus)

— Degree Kelvin (kelvin)

— Amount of substance (mole)

— Luminosity intensity (candela)

— Radian (radian)

— steradian (steradian)
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System of units (2/4)

Z42 YT of2] Helo2 EH 7tSSict.
millimeter=mm=1;
meter = m = 1000*mm;

AMet ol E EHiedH of2fel mdE A=ESHAL

— source/global/management/include/SystemOfUnits

28 : 2AIE oS 2 v oM EC.

— 30*cm == 0.3*m
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System of units (3/4)

E8 g g ttflE aEsof stt. | ERE LF0{E}!
ofE &4

— cout << KineticEnergy/KeV << “ KeV “ << endl;

G4BestUnit 0|2t &+E MM G4 7} Melst chAIR F
sdll=C}. (length, time, energy, ss= HA|Sl|o}EICE))

— cout << G4BestUnit (StepSize, “Length”) << endl;

G4UnitDefinition::PrintUnitsTable S £2MH G4 7} A
— BE CE = T UCL.
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System of units (4/4)

MES CHAHE M1 AlClH SystemOfUnits.hh € 74
Z5tHLH,

— #include “SystemOfUnits.hh”
— static const G4double inch = 2.54*cm;

G4UnitDefinition Ee|AE AIS6] MESR cHYAHIE DHE
= [
— G4UnitDefinition (name, symbol, category, value)

— G4UnitDefinition (“inch”,”in”,”Length”,25.4%*mm) ;
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Geant4 = 2 HEZAE OIE0{ MATJ|ECcl= CLHEP

9] HepVector3D, Hep3Vector & typedef iAo £2C}
- SEE L= U2 S0t 8t

g =H,

— G4AThreeVector *p=new G4ThreeVector (10,20,100);
CLHEP of|o Ho|st HHEl+E F2H Fct.

— G4double px=p->x() ;

- p->setZ (50) ;

THEEAE Fesi HEd = UCt.

— p~>phi(); p->theta(); p->mag();

— p—->setPhi(); p->setTheta(); p->setMag() ;
ClX 2 Coding convention O] G4 2f 9X| ft=c}.
- 28 function overloading = 6tH T/ A X . ..
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#ElE FHstY o,
— p->unit() ;

YEE SAez 2.732iCiots 3 AsiH,
~ p->rotate¥ (2.73) ;

EE= ol HEE SAS2 1.57 2Ciets =2lH,
- p->rotate(1.57,G4ThreeVector (10,20,30)) ;

o XAMS| SFste{™ HEZSeiAMdHS E=ESHAL.
— SCLHEP BASE DIR/include/CLHEP/Vector/ThreeVector.h
See the CLHEP manual

-~ wwwinfo.cern.ch/asd/lhc+
+/clhep/manual /RefGuide/Vector/Hep3Vector.html
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Rotation Matrices (1/2)

A=7|4dAof 718 Bo| Aol FFOIE
CLHEP of|A 7|& ftct.
G4RotationMatrix = HepRotation

— #include “G4RotationMatrix.hh”

2 A

od
o

Al

— G4RotationMatrix *rm = new G4RotationMatrix;

X =8 SAeE 45 E8|H,
— rm->rotateX (45*degq) ;

o HEE SASZE S|HAIF|IEH,
— rm->rotate (45*deg,Hep3Vector(1.,1.,

8| oDjEE/AS] Inversion 2

— rm->invert () ;

Jul 1-2, 2009 2009 E2|E 1 : ROOT & GEANT4
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Rotation Matrices (2/2)

s|F%o| WetE 242 o3 H4Ee B3 ¥ & Ut

— phiX () ,phiY¥ () ,phiZ () , thetaX () , theta¥ () , thetaZ ()

ol HElole] 22 £F EHAE ALSstol & £ ULt
— G4double angle;
— G4ThreeVector axis;

- rm->getAngleAxis (angle,axis) ;

o XiAM|st AlSt2
~ SCLHEP BASE DIR/include/CLHEP/Vector/Rotation.h

— wwwinfo.cern.ch/asd/lhc+
+/clhep/manual /RefGuide/Vector/HepRotation.html
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Lecture 5:

GEANT4
Getting Started



GEANT4 A2 A7)
G4 = ctst oME HIstn UCE.

M XX O|HE ZUSITE SIA}.

;OO Terminal — bash — 81x28

icparkélocalhost:~> ls SG4INSTALL/examples/*
/Users/icpark/GEANT4/geant4.9.2.p0l1/examples/GliUmakefile
/Users/icpark/GEANT4 /geant4.9.2.p0l/examples/History
/Users/icpark/GEANT4/geant4.9.2.p01/examples/README

/Users/icpark/GEANT4 /geant4.9.2.p0l/examples/advanced:

GHUmakefile gammaray telescope purging magnet
README hadrontherapy radiation monitor
Rich human phantom radioprotection
Tiara lar calorimeter underground physics
air shower medical linac xray fluorescence
brachytherapy microbeam xray telescope
composite calorimeter microdosimetry

cosmicray charging nanobeam

/Users/icpark/GEANT4/geant4.9.2.p0l/examples/extended:

analysis g3togd persistency
biasing geometry polarisation
electromagnetic hadronic radiocactivedecay
errorpropagation medical runAndEvent
eventgenerator optical visualization
exoticphysics parallel

field parameterisations

/Users/icpark/GEANT4/geant4.9.2.p0l/examples/novice:
GiUmakefile NO2 NO4 NO&
HO1l HO3 NOS NOT
icparkflocalhost:~>
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e Cla|e{2|& alE1, include & src gt
— mkdir nps09 ; cd nps09

— mkdir include ; mkdir src
Makefile 2 Zt=C}.
— vi Makefile
.+ ROOT @ 20| ZMUSIEZ Flag E M ESHC} .

> nore Makefile

nanme = nps09
GATARCGET : = $(nane)
AEXLI B = true

. PHONY: al |

all: lib bin

i ncl ude $( Al NSTALL)/ confi g/ bi nmake. gnk

# to conpile wth ROOT

CPPFLAGS += $(shell $(ROOTSYS)/bin/root-config --cflags)
LDFLAGS += $(shell $(ROOTSYS)/bin/root-config --glibs)
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file:///Users/icpark/nps09/Makefile

Geant4 = AZ&7| MAZAl2 Z278” 2lo|HEE|2 O
AtAM7F HEl== of=2lA| 0] 0| ofC}!

— ArEXIL main() S S0 A =S LS 0 ALSol OF StC
Al2Xte] ojjelo] G4RunManager & TQl5tH =C}.
71& 7|=#&Ql main() &9 &

— vi nps09.cc

> nore nps09. cc

#i ncl ude “*ARunManager . hh”
I nt main()

{
GARunManager *rnrnew GARunManager () ;

delete rm
return O;

}
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G4 ¢ 34 G4ARunManager

G4RunManager = Geant4 hierarchy 2 7}Z 2HIEO|
== ZefAo0|ct.
G4RunManager 7} st= € 1: 4&7|& d&selct.

— SetUserInitialization|()

G4RunManager 7} st= € 2: A|l=g|o|Mol| A X}
g S55l1 o =2(ndEE Al=glo]M o}:ﬂ% A -5t
C}.

— SetUserInitialization()

G4RunManager 7} sl= & 3: =7| Xle] MM} MM
XE M4

— SetUserAction ()

G4RunManager 7} st= € 4: event loop
— BeamOn ()

Tju
i
u
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- 2: 2YUXE — Initialization (Physics List)
- 3: 5= 0|YIE > Action (Primary Generation)
Geant4 = O|= Al 7He] EHol S2lAe] 7= FHS

abstract Z2laz2 MAS| =UCt.

- MEX= 0l abstract class & &6 AIE8HH & 0.
DetectorConstruction

— G4VUserDetectorConstuction =
PhysicsList G4RunManager 7}

— G4VUserPhysicsList Initialize() 2k

. . BeamOn() O| &l M 3

PrimaryGeneratorAction ol FaiAol x|xe

— G4VUserPrimaryGeneratorAction HAet.

C &)
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- d8JI18 #d=
= dastlt .

* Materials

(initialization)

&, XAME: , HdAS,

* Geometry of the detector

* Definition of sensitive detectors

* Readout schemes

(initialization)

- dMZAN A EE =2 E42 FEL.

- o QAS2 SUEH) ddEH=E

= SSel.

- 2 YRS ABO0IEE SR BUEIIE &

parameters

Jul 1-2, 2009
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HIOIE readout S

WAES (Process ctll 28C0)

HSICH . cutoff
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Primary event kinematics

(optional)
run by run
(optional)
event by event
(optional)

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

(optional)
Actions to be undertaken at each end of the step
(optional)

Actions to be undertaken at the end of every step
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7};4 <=3l maln() xlo]j]

#include “G4RunManager.hh”

#include “MyDetectorConstruction.hh”
#include “MyPhysicsList.hh”

#include “MyPrimaryGeneratorAction.hh”

int main ()

{
G4RunManager* runMan=new G4RunManager () ;
runMan->SetUserInitialization (new MyDetectorConstruction) ;
runMan->SetUserInitialization (new MyPhysicsList) ;
runMan->SetUserAction (new MyPrimaryGeneratorAction) ;

runMan->Initialize () ;
runMan->BeamOn (1) ;

delete runMan;

return 0;
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42 31d S o]8-3F Batch 2% (1/2)

int main(int argc, char** argv)

{

G4RunManager* runMan = new G4RunManager;
runMan->SetUserInitialization (new MyDetectorConstruction) ;
runMan->SetUserInitialization (new MyPhysicsList)
runMan->SetUserAction (new MyPrimaryGeneratorAction) ;
runMan->Initialize () ;

// read a macro file

G4UImanager* UI = G4UImanager: :GetUIpointer() ;
G4String command = “/control/execute “;
G4AString fileName = argv([l];

UI->ApplyCommand (command+fileName) ;

// OJ| BeamOn () W&l A2 Uimanager Jt (N2 LIS =
// 1 03220l BeamoOn 0| S UL .

uin
e
[m)

delete runMan;
return 0;
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|83t Batch %% (1/2)

aldnglo] of32 mels QAR d1 =2|H Eof.
— nps09 run.mac

o2z o2 BES otaflet 20| dAct.

> nore run. nac

# set verbose |level for this run
/[ run/ver bose 2

[ event/ver bose 0O

/ tracki ng/ ver bose 2

# 100 el ectrons of 1CGeV Energy
/gun/ particle e-

/ gun/ energy 1 GeV

/[ run/ beanOn 100
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Interactive L= (1/2)
ClE|BE|E RE=Z HmQ 5tH ISIY2ZE GEANT4 =

CE =+ UCE.
int main ()

{

G4RunManager* rm = new G4RunManager () ;

rm->Initialize() ;

// interactive terminal

G4UIsession* session = new G4UIterminal () ;
session->SessionStart() ;

delete session;

//

delete rm;

return 0O;
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Interactive L= (2/2)

Interactive ZEQl Oj= O AlsiIE A|Z|1,
- nps09 «
Initialization 0] BL}H ojzljie] =ZE=Z E7} LIECE.

Idle>
O FE AIEX HHOE MEI2™ FErt.

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
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G4Ultcsh & 2 A

Interactive ZEO0AM HEHO 2|2 7|52 AI252{H
G4Ultcsh 2 AANGHF I=l=I =),

#include “G4UIterminal.hh”
#include “G4UItcsh.hh”

int main(int argc, char** argv)

{

//

G4UlIsession* term = new G4UIterminal (new G4UItcsh) ;

term->SessionStart () ;

delete term;
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$G4INSTALL/source/visual
ization 2 OpenGL 0| AX]|
&|ojofgf

GLX 287} Nvidia Z0of| L}E}
L, X & AM3tT
DISPLAY & MHAslH & &3
=},

Ciafet AlZ2iot &S E .
- DAWN, WIRED, VRML, etc.
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GEANTA4:

Detector
Construction



G4V UserDetectorConstruction

G4VUserDetectorConstruction = GEANTA4 7} H|Z35}
+— abstract SE{AZE AIZX}T} HEEA] 0| AMSSH Al
ZXZFefAE A ZSsHofTt sict.

OF=0{Zl MyDetectorConstruction =
G4RunManager 7} SetUserlnitialization() 2 £& &
mf, MMZECH.

G4VUserDetectorConstruction 2| HH gt
Construct() 7} RunManager 7} Initialize() & & o
= &t

o2t , AF2X= Construct() 2 overload 5101 X}l Q]
HE7|E MAIsH Hojof sict.

2lM =l Construct() = World Physical Volume 2| Z9I
EHE 2B 422 E5&=rt.
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G4Material EceilA= W50l Ao /XHS | &2k

X}, HEofL

G4Element £}

x| & 4o SEME CiRE

Aot EQIYAE Ct2Y| 9B

|

]

G4lsotope £ 7

X2 U=E, GEANT4 ALZXe] 1

oAM= G4Material ¢ 2™ =C}.

G4Material 22 = a2 7|2 44 2|0, density,
state, temperature, pressure, radiation length,

mean free path,

Jul 1-2, 2009

dE/dx, S CtYet d& S CHECL.
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aterial 0| S| &IC}.
#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 ZQIE|= Logical volume € TIE O Al
ZCt.
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O =k = AL
XSS &©™HAM =XE ST UCt.
#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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|=

= ==l - = [

22t MAE g 27|E DHE
#include “G4Element.hh”
#include “G4Material.hh”

G4double z,a;
G4String name,symbol;

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

G4Element* O = new G4Element (name="“Oygen” ,h 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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A&7 194 B
10

Element 2} Material € 4

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

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

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

G4Element* O = new G4Element (name="“Oxygen” , symbol=%“0",
z=8.,a=16.00*g/mole) ;

G4Material* CO2 = new G4Material (name=“CO02”,
density=1.977*mg/cm3, ncomponents=2) ;

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

G4Material* ArCO2=new G4Material (name=“ArCO02”,
density=1.8*mg/cm3, ncomponents=2) ;

ArCO2-> AddElement (Ar, fractionmass=93*percent) ;
ArCO2-> AddMaterial (CO2, fractionmass=7*percent) ;
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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=“Oxygen”, 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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% Ut

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

cout<<ArCO02;

cout<<* (G4Element: :GetElementTable()) ;
cout<<* (G4Material: :GetMaterialTable()) ;
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21219 volume & 1 221 =2|& MEA=ZE LEE
Q L= volume ¢2tol| YX|StAl EC}. (World volume

0{= volumeoO| 2 volumeof S0|A € of, =
volume 9| = EAHE WEC].

GEANT4 oAM= volume o] H1='1 E £ gict. "HiEA]
st 252 CI2 o™ 280 &35 UA =ct.

h
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2| Solid off E2|&¢el £4M (G4Material) 2

+ 37| #= Solid & :r"o?_H-'—}-

Logical volume € TH=EC},

O] Logical volume & & volume 2| H

2l5t0{ Physical volume 8 Z2HELC

Jul 1-2, 2009
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AZ7|WE7] 2 @A) = Solids ¢ ©] 3

3D AlE EHSI= 71”2 o 7H7} RUCt.
— Constructive Solid Geometry (CSG)

— SWEPT solids

— Boundary Represented solids (BREPs)

CSG = z|Aaste meldE 2 A& 7|&=5t0 Zickst
80| £2L} CAD 2 AAz0| ¢ == =t™o| qUCE.
BREPs = Ot =%&¢t Xz O3 = A CAD 2t o
S0| &L} 20| EHol&IC}.

CSG solids 0| = Box, Tube, Cone, Spheres, Wedges,
Torus & CieFst 0| =H|= 0] RULCE.
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#include

G4double
G4double
G4double

G4Box* labbox = new G4Box (“Labbox”,6labx,laby,labz);

Jul 1-2, 2009

“G4Box.hh”
labx=3.0%*m;

laby=1.0%*m;
labz=1.0%m;
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A=7|9=7] 3 &7 = Logical volume

Material 1t Solid 7} &=H|=E|2CIH Logical volume
Ol 2 |_—_|.
—= 1 M

#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 (name=“Liquid
Argon” ,z=18.,a,density) ;

G4LogicalVolume* a box log = new G4LogicalVolume
(a_box,LAr,”a simple box”);
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: Logical volume <]

T
or=0]{Zl Logical volume 2 = volume o o{C|ol] Q%]
|7 o 22 dSX|E ZAEIC}.
Physical volume 2 logical volume 0l ¥x|E&E ol
instance O|C}.
#include “G4VPhysicalVolume.hh”
#include “G4PVPlacement.hh”

Rl
u

G4RotationMatrix *rot=new G4RotationMatrix;
rot->rotateX(30*degqg) ;
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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7] 4 &7 : World volume 2%

2 World volume 2 Z2A2| volume O|E}

2ict. 2lA G4PVPlacement 0| null =

Z|o{, rotation = M5l ¢t =},

#include “G4PVPlacement.hh”

G4VPhysicalVolume* hall phys
G4ThreeVector (0,0,0),
hall 1log,

“Experimental Hall”,

false,

Jul 1-2, 2009

= new G4PVPlacement (
No rotation

No Translation
logical wvolume

its name

No mother wvolume

no boolean operations

copy number
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22

-1 1
Sd2 dEE =+ Ut

o] Logical volume 2 visualization & 9|35l A|Z2}&}

— void G4LogicalVolume: :SetVisAttributes (const
G4VisAttributes* ) ;

— void G4lLogicalVolume: :SetVisAttributes (const
G4VisAttributesé& ) ;

Al2Xle| JIMAMEHAS wireframe 22 LEIYT, Sl4
o= oD A,

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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GEANTA4:

Particles and
physics
processes



G4VUserPhysicslList

=
T
— BIEAl AF2XDF HIZ26H0F & 3J1X 2E = & LS HAGHA .
G4VUserPhysicsList 2 3 74e| &+E LHEZSZE F|
& of{of Strct.
— ConstructParticle () // LAN=S=S &3
— ConstructProcess () // T2HAE &3
~ SetCuts () // BAZALE 0HE A H9
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Geant4 Ujof| 7|25l X=2 =H|E 0] UCt.

— electron, proton, gamma etc.

Ztzto| @lXl= G4ParticleDefinition 2t= 7|2 Zz{AE
AkE=Slod Ztzte| AR Aol =IC)

G4ParticleDefinition 2 2/Xl2| o|&, &gk, Fsigk, A
¥ &2 o]l "HHEZ J7[X|1 /U1 0|F gt2 Hi= =
Cl. (HoTdH, S3E8s52 A871s)

- 2 AATCHHOUHAM HRD CHAl BIMSIH 2HZ HZE == JACH

=8t AXIZeYAESE =, leptons, bosons, mesons,
shortlived, baryons, ions 0| UC}.
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G4ParticleTable &

st 2|X}= singleton 22 static object 2 A 2| FIC}.

— G4Electron // 8XE Jl=dleE 2did

— G4Electron: :theElectron // &K

— G4Electron: :ElectronDefinition() // pointer to & X}

iXl= staticO|2E Z23 {CJML & = UCE.
lXte]l EelAE G4ParticleTable o 20l5=2IC}. O|&
o|Zall G4 UollA LXES HE + UCt.

- FindParticle (G4String name) // OI&2= &

— FindParticle (G4int PDGencoding)// PDGZEZ &

G4ParticleTable 99A| singleton 22 Me|EC.
— G4ParticleTable: :GetParticleTable ()

* returns the pointer to the Particle table
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Particle construction
gl G4VUserPhysicsList:ConstructParticle() = A}
171

DAto]| AMZE ZE XSS =7 flsl AFESX
Al x|=slof P.HZP.

#include “G4Geantino.hh”

#include “G4Electron.hh”

#include “MyPhysicsList.hh”

void MyPhysicsList: :ConstructParticle ()

{

G4Proton: :ProtonDefinition() ;

dhe

G4Electron: :ElectronDefinition() ;
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ConstructProcess()

ConstructProcess() = HFHA ;H‘—OI_TT_ AMZXI7F =2
MAE =0 AlEst= At S&38lf 30{oF BiCt.
ConstructParticle() & S3dl| MHE X=ofct
G4ProcessManager € 7}Aof st11,
AddProcess(G4VProcess *) & &35l physics process
== S5olof StCt.

3A 77X physics process 2 L& 3= UCt.

— transportation

— electromagnetic (EM processes)

— hadronic

— decay

— optical

~ photolepton hadron

— parametrization
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AddTransportation()

Geant4 oAM= X9 ZS Z=MAZE 2L},

- PE Y X= Transpotation ZZ2AIAE BIE Al JFEOFRH SHCEH .
G4VUserPhysicsList 2| AddTransportation() 2h= &
+=E& ConstructPhysics() oo 22{FH ZC}.
void G4VUserPhysicsList: :AddTransportation ()
{
G4ATransportation* transport=new G4Transportation;
PartIterator->reset() ;
while ((*PartIterator) ()) {
G4ParticleDefinition *particle=PartIterator->value() ;
G4ProcessManager* pman=particle->GetProcessManager () ;
if ('particle->IsShortLived()) {
pman->AddProcess (transportation) ;

pman->SetProcessOrderingToFirst (transport,istep) ;

}

}
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G4ProcessManager

G4ProcessManager 2 G4ParticleDefinition 2| C|0|E

HEHC},

G4ProcessManager = Zt lXI=0| ZHojo} &t

Physics process 2| 2Z|AEE 7|X|1 1, o ==

MAFE X2| st=7t st= X 2l=AE ZEsict.

2t 2lXtol| CH3l] G4ProcessManager 2 AddProcess()

2} SetProcessOrdering() & €3l Physics process &

== ol =0{ofstirCt .

— AddAtRestProcess (), AddContinuousProcess|(),
AddDiscreteProcess () ST AIEE = QUCtH.

ActivateProcess(), InActivateProcess() & AlE5j0{ =
EMAES ZicH ok & = AUt
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ConstructProcess() for gammas

Zofelxto]| HHE =2 Z2MAS Fo| sHEAL.

— photo electric effect
— Compton scattering

— gamma conversion: gamma - e- + e+

voi d MyPhysi csLi st:: Construct Process()

{
AddTr ansportation();

Construct EM) ;
}

voi d MyPhysi csLi st:: Construct EM)

{
HAParticlebDefinition* gamma = (AGanmma: : GammaDef i ni tion();
AProcessMAnager *pnman= ganmma- >Get Pr ocessManager () ;

GAPhot oEl ectri ceEffect *t hePhot oEl ectri ceEffect = new (APhot oEl ectri cEf f ect;
AConpt onScattering *t heConptonScattering = new GAConpt onScatteri ng;
A GanmmaConver si on *t heGammuaConver si on = new (AGamuaConver si on;

pman- >AddDi scr et eProcess(t hePhot oEl ectri cEffect);
pman- >AddDi scr et eProcess(t heConpt onScattering);
pman- >AddDi scr et ePr ocess(t heGammaConver si on) ;
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GEANT4 W& S| ZEMAE

G4ComptonScattering

G4GammaConversion

G4PhotoElectricEffect

G4eMultipleScattering, G4hMultipleScattering

G4eIonisation, G4Mulonisation, G4hIonisation,
G4ionIonisation

G4eBremsstrahlung, G4MuBremsstrahlung,
G4hBremsstrahlung

G4eplusAnnihilation
G4MuPairProduction, G4hPairProduction

dz2|d eXEe SHZEAMA

G4Decay
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SetCuts() 2 G4VUserPhisicsList 2] virtual HHE T
o|c}.

AN Ee d4F, dX=2 =L ZEMAS] HAN
o] B:t S ol SetCuts() 2 =2{o} sict.

SetCuts() = Z0|2 4dHdslH XM EZ|of| dHE =&
HOlM  cut-off o|{X|2 H}R O], &AI=0| o] olHX[E
Ct &2 471 5H O l&tol| cist #MARALE OfEICtH.
G4VUserPhysicsList o= 7|2 Cut #t0] dslAd UCt.
G4RunManager 7} SetCutsWithDefault() & E&5IH,
0] 7|&23Zt0| SetCuts() o U2 E AI2E=C}.

- J|I& cutdt2 1mm O|C} .
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GetLengthCuts() 2 £&5t0{ A cutit=2 & +=UrCt.
Zt 2o e =4 ofdXx|E deH

— GetEnergyThreshold (G4Material *)

Ztzto| XE0| MZ CHE cut S AFSSHA| 5t2{H,
LAA=2 AEAE & o Eolof stct.

-~ gamma, electron/positron, proton/antiproton, others
cut 2 H2o|517| &l SetCuts() & 2lof citst sr+E
T M=zt

— SetCutValue (G4double cut, G4String name)

— SetCutValueForOthers (G4double cut)

— SetCutValueForOtherThan (G4double cut,
G4ParticleDefinition* particle)
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SetCuts() 8] o & &H

void MyPhysicsList: :SetCuts ()

{
const G4double cut=0.l1l*mm;
SetCutValue (cut, “gamma”) ;
SetCutValue (cut, ”"e+"”) ;
SetCutValue (cut,”e-=-") ;
SetCutValue (cut, "proton”) ;
SetCutValueForOthers (cut) ;
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MyPhysicsList 2] ConstructParticle() ¢toll electron,
positron, mu+ 2} mu- & S535l HOlZ}.

Ss5¢et XS0 ojgfe SE|ZEMAE SESH0EL.

— electrons: multiple scattering, ionization,
Bremsstrahlung

— positron: + annihilation

— muons: multiple scattering, ionization,
Bremsstrahlung, pair production

SetCuts() 22 ¢ 2XA=e HEst cut=2 TSt}
Particle iterator 2} FindParticle() & Al23510{ &5I=
AXIE Toju] HolZt.

protone 2 AA11, calorimeter 0|A{2] shower develop
% "_nl_I'E OH E.Ol'E-l'-

Jul 1-2, 2009 2009 ME2|% 1 : ROOT & GEANT4 96



GEANTA4:

Primary
Generation
(Kinematics)



Event

AddPrimary Vertex()
* primary particles
primary vertex AddPrimary()
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Event = 2 Primary particle 52 A EC}.

— G4PrimaryParticle (PDGcode, Px, Py, Pz)

— G4PrimaryParticle (G4ParticleDefinition *,Px,Py,Pz)
Event 0= Primary vertex 7} RULC}.

— G4PrimaryVertex (Vx,Vy,Vz, TO)

— G4PrimaryVertex (G4ThreeVector, TO)

G4PrimaryVertex 2| HH &2l AddPrimary € 0|4
primary particle 2 vertex o] S&&ic}.

— AddPrimary (G4PrimaryParticle* aParticle)

G4Event 2] AddPrimaryVertex & E3dl] Vertex & &
stCt.

— AddPrimaryVertex (G4PrimaryVertex *aVertex)
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Event = 2 Primary particle 52 A EC}.

— G4PrimaryParticle (PDGcode, Px, Py, Pz)

— G4PrimaryParticle (G4ParticleDefinition *,Px,Py,Pz)
Event 0= Primary vertex 7} RULC}.

— G4PrimaryVertex (Vx,Vy,Vz, TO)

— G4PrimaryVertex (G4ThreeVector, TO)

G4PrimaryVertex 2| HH &2l AddPrimary € 0|4
primary particle 2 vertex o] S&&ic}.

— AddPrimary (G4PrimaryParticle* aParticle)

G4Event 2] AddPrimaryVertex & E3dl] Vertex & &
stCt.

— AddPrimaryVertex (G4PrimaryVertex *aVertex)
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atorAction

G4VUserPrimaryGener

G4VUserPrimaryGeneratorAction

n= ALSA7L H|SsiHof

St Obx|2t TAEQl B4 0|8 A4s| KAlRte)
Primary Generator Action & BI=H =EIC},

primary particle £0| O{EA| 4
L_-I '—E'_I_

| L By

dd==71= o] S0

G4VUserPrimaryGeneratoAction &
GeneratePrimaries() 2f= virtual &£ 7(X|11 ULC}t.
O] g Of eventmf OjCt SHHY I}EEE =2IC}. 0]

St=9| QIXI2 event EQIEHE

primary particle 52 S A|Z

HAFE 2, event O
| = ULt

— GeneratePrimaries (G4Event* anEvent) ;
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G4VPrimaryGenerator

G4VPrimaryGeneratorAction::GeneratePrimaries() 7}
event 01I %IXP == AM¥ E= o cftst kinematics &
Al2et = UA SIEZE G4VPrimaryGenerator Ef=
abstract EsjA S ’é!’—?‘H ALZAeke] Primary
Generator & otE = UCt.

0i7|AM Primary event & TAMsIH = ZCt.

— GeneratePrimaryEvent (G4Event* an Event)

AF2AlE= PrimaryGeneratorAction Of|A] F1H| = 0] %E
Cietst PrimaryGenerator & & 8 71E 22 AH =}

G4VUserPrimaryGeneratoAction = O] event & =Z=&
M2 of virtual H g2l GeneratePrimaries() &
S=¢6iCt. olmf G4VPrimaryGenerator 2
GeneratePrimaryVertex() & =&5lH EC}.
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MyPrimaryGeneratorAction.hh &] <

#include “G4VUserPrimaryGeneratorAction.hh”

class MyPrimaryGenerator;
class G4Event;

class MyPrimaryGeneratorAction : public
G4VUserPrimaryGeneratorAction

{
public:
MyPrimaryGeneratorAction();
~MyPrimaryGeneratorAction();
public:
void GeneratePrimaries(G4Event* anEvent);
private:
MyPrimaryGenerator *TestBeam;
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MyPrimaryGeneratorAction.cc 2] <

#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.hh ¢ 9

#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.cc ¢ 9

#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,6beamT) ;
G4double px=beamE*beamP.x() ;
G4double py=beamE*beamP.y () ;
G4double pz=beamE*beamP.z () ;
G4PrimaryParticle *part=new
G4PrimaryParticle (beam,px,py,pPz) ;
vtx->AddPrimary (part) ;
evt->AddPrimaryVertex (vtx) ;

}
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G4ParticleGun

G4ParticleGun 2 Geant4 7} H|&235t= o} Z|&£4&¢l
Primary generator O|C}.

G4ParticleGun = olz}e| c}etst st4+E Al=235)
Primary XA=& 9H=C}.

void SetParticleDefinition(G4ParticleDefinition¥)
void SetParticleMomentum(G4ParticleMomentum)
void SetParticleMomentumDirection(G4ThreeVector)
void SetParticleEnergy(G4double)

void SetParticleTime(G4double)

void SetParticlePosition(G4ThreeVector)

void SetParticlePolarization(G4ThreeVector)

void SetNumberOfParticles(G4int)
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GEANTA4:

Run and Event



Run 2 &lA| 7157 AldXE 2] 72l event& 22 Tt
2{0]|11, Geant4 O|A{ G4Run ZiAZ FEEICL.

G4RunManager 7} BeamOn() &§+& FE EEH ME2
Run o] WMEICH, F 7He] Run WoME= AE7]<
geometry, Physics ZT2MA S HiE =+ giCt.

G4Run 2 C}329| 5%t MHEHES 7IX|1 UCt.

- DR° runt¥S (&AM Geantd = O| =8 AMEotXes &=l )
— run Ot0| =0 U= AL =

- Sensitive Detectors Ul && & G4VHitsCollection HIOIZ
- Digitizers 0l &80l & G4vDigiCollection HIOIE
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G4RunManager (1/2)

G4RunManager = Geant4 2] 2 E A|Z80|M IAHE

ZEESt= 71 SR2%t SaAcCt.

G4RunManager = singleton O|C}. & Z213 +%

= 22X s 79l Run Manager Bt EX|sic}.

ALZ XS] initialization EEAE3 ALEXEL] action

e AE 2 SetUserlnitialization() 2} SetUserAction()

o] 9|3 G4RunManager ol SE=|ojo} siC}.

Initialize()

— UserDetectorConstruction = 2c¢| d&J|E UHEC)H.

— UserPhysicsList & =J] AIE & 2 A= physics
processes E & & StC} .

— cross-section tables S H4&HSHCH .
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G4RunManager (2/2)

BeamOn(G4int NumberOfEvents)
- MZ2Z& Run = 9t=1 , NumberOfEvents Z}2 event loop =

=glCh.
GetRunManager()
- singleton ! G4RunManager object 2| EQIHE HOIECH
GetCurrentEvent()
- 8 ASdI0I&ES2 event & ZOIEHE EAHAZFL).

SetNumberOfEventsToBeStored(G4int n)

- Ol JHe At S 20tA AEE O =Ct . BeamOn () 0l S XIJ|
&0l &8 ol OF sttt .

GetPreviousEvent(G4int i_thPrevious)
- i B & AFHE EZQIHE UAEC .
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G4UserRunAction

G4UserRunAction = AF2X}l action ZEHAZ, AKX}
O|F =35l ctz2] 78| &+& overload 5101 AjAlTk
o run AMlE= & T Urt.

— BeginOfRunAction ()
* BeamOn() O| =2| A+ OtAF &3 & 1)
run 28 Y= olAEJHS EXlotd, JIE run Off 2= Al

&= otlt.

— EndOfRunAction ()

a]
run summary U2 = Bt=1) ol= H
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Geant4 7} o|w 4

Geant4 7} §X| 2o 5l U=
= Zd2 0| =235ICt. Geant4 2
G4RunManager 7} dH&sict.

- XJ|3E S} (PreInit state)

. RunManager b =J|3tE Ot
Zgt=0| BHH ™ 0 AERDF SICH.

- ZJ|8tHH (Init state)

* G4RunManager 2| initialize() It =3 & 10 U= SH .
- SAIME| (Idle state)

* Geantd )} 2AIIE JICelH &S 10 Ues SHH
- Y XAIELH| (GeomClosed state)

* BeamOn() has been invoked
- AMAETSAE] (EventProc state)

ALE
S
Al

I HI_
o e

* GetCurrentEvent(), GetPreviousEvent() 8t S & JIS0tCH.

- S8 H (Quit state)
* G4RunManager 2| destructor Jt SEH T =S [ff .
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=AM7 EMSIAHLL 25X = Run & AlE80[d S
F25l2{™ G4RunManager 2 AbortRun() 2 F=2H =
C}.

AbortRun() 2 GeomClosed AtEjL} EventProc 2HEHO]| A
o 28 = Uct. (712 MZeE ™ =edst A~2|C))

HE AlZHE AlZ80|M 3= £F AbortRun() 0| E2{A]
Run O] ZUA =™, I Run gl OFX|E} event =
corrupted HAS EE0| =20 Z EMo|| AIE5IX| &K},
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Customizing G4RunManager

G4RunManage

g A5 A

public:
virtual
virtual
virtual

virtual

void
void
void

void

protected:

virtual
virtual
virtual
virtual
virtual
virtual
virtual
virtual

virtual

Jul 1-2, 2009

void
void

void

2 = OB €= virtual O|E 2 O]
||:||-o

RunManager £ & = UCL.

Initialize() ;
DefineWorldVolume (G4VPhysicalVolume ¥*) ;
AbortRun () ;

BeamOn (G4int n_events) ;

InitializeGeometry () ;
InitializePhysics() ;
InitializeCutOff () ;

G4bool ConfirmBeamOnCondition() ;

void

void

RunInitialization() ;

DoEventLoop (G4int n_events) ;

G4Event* GenerateEvent (G4int i event);

void

void

AnalyzeEvent (G4Event* anEvent) ;

RunTermination () ;
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H=7] geometry

Run Z} Run AlOJO|M&= HE7|0| &2 H
Ct. (OlE &M A&7 =34 EE1 =
A&7 SEEFREL| FHE =FsoictAHL)
= Run Z} Run AtololAM olof| Z7|EL] HAE7|E oo
glojan, ME2 HdE7|8 =2 T UCt. 0| 0=
World volume 2 G4RunManager 0| CiA] S5 & EH
7t UCt.

G4RunManager* runManager = G4RunManager: :GetRunManager () ;

22 7te 7 U
= =

AL, E

MyNewGeometry newGeometry;
G4VPhysicalVolume* newWorldPhys=newGeometry.Construct() ;

runManager->DefineWorldVolume (newWorldPhys) ;
T 8% 25, ANHEZ[7} HEE AtalS
G4RunManager of| Al 2t2{of stct.

— runManager->GeometryHasBeenModified ()
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Geant4 ol|A &t 7l{2e] EE2|AIZd2 G4Event Ec{AZE T
==,

G4Event object = G4RunManager 0l 2|5} MME|T
MAMEl Fol= G4EventManager 2 Zi2|E dh=ch.

= e

Al=d0|M &Zol §Aje A2 G4RunManager &

GetCurrentEvent() &sE& SESo=2M A8 = AL},

G4Event = E2lAlZ1el 28t 471X MEE (X[
C}.
- Primary vertexes 2 primary particles
— Trajectories (G4ATrajectoryContainer)
— Hits collections (G4HCofThisEvent)
* Sensitive detector 0| 2ol 244
— Digits collections (G4DCofThisEvent)
* Digitizer 0l 2|of A&
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G4EventManager

G4EventManager & A4S CoftF = ofX F=iAo0|ct.
— G4PrimaryVertex 2} G4PrimaryParticle object == & M

9| G4Event object @ G4Track object S0 HZAIZICH. 1
2ld , £ GA4Track object == G4StackManager Ol EHC}

— G4StackManager & 2H & 2 E& object = HU ,
G4TrackingManager Q| Hl 2 HCI . G4TrackingManager JI E
SIS AIEHE ), AIHGIH “killed” 2t EAISHCH. (LS
0l G4EventManager J} killed 2l & Z2E E& object E2 Xl
=Lt .)

— 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

— G4StackManager Jt O O|& BEWZE 210| 812X ,
G4EventManager J} 812 event processing = Z4IC} .
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G4UserEventAction

G4UserEventAction 2 AI2X}l action '—'.;_’-EH*EMi
—I virtual €

+ i
MQIWF oHZ=3l] ERAIAE Al
CHRI2 RS ZE’é" T UA sHECt.
- BeginOvaentAction()
* primary particles O| G4Track objects & S=5&|J| 80| = &!Ct.
Primary particle == L& o)L}, event-by-event 0| AE 1= AlE
st [ MOICEH.

— EndOfEventAction ()

* event L= ANIAS| OHAISY HAHUWAM =
Il WS [ 2aIC) .

=1l =

| Ct . event-by-event analysis
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G4UserSteppingAction

G4UserSteppingAction = L_ event 2| A|&t®n} ofx|ge}
ClAo]|A{2] action O] OfH , A|E&0]M & A

chrlofl ofmst action 0] ZR% mj Mol

G4UserSteppingAction

stCt.
— void UserSteppingAction (const G4Step¥*)

o] AL X} SteppmgActlon g+ E=i
Agoict E2ict. Z2F Ao °'01A'| Z st
G4Step ZQIEE %3H AE = Uct.
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GEANT 4:

Tracks & Hits



G4Step O|2F AMAS F2 A|ZIEH/ZE 220 st =71H0|2}
Ho =}, G4Step Cl=2o MHES 2t=rC}.

— pointers to PreStep and PostStepPoint

Geometrical step length
True step length (MS =2 11d{)

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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G4StepPoint (PreStep and PostStepPoint) 2] MHE
(x,vy,2z,t)

(pPx,PY,PZz,Ek)

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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Hit o|2t A=7(2] MAM Ao EBo] EOtE of HI|=
A& L] =HAEo|Ct.

G4 o|M= G4VHit o|Zt H|o|AZe|AE XS5t , ALS
X171 ol & &k5oll Xt7|e AlEo SAH| MyHit & A2fsl
M EICH,

G4VHit 20 Draw() 2} Print() 2= HFLY e+E 22H=E
Es5l| AFZXtol| SHA| M-t

event LJo|A-{= G4VHitsCollection 2 £33l Hit&2 X

AsiCt.

G4THitsCollection = G4VHitsCollection & H}ElS 2
(@)

5l template 22A 2, AFRXIe] MyHitS =2 £+ U
C}.
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— #include “G4VHit.hh”
~ #include “G4THitsCollection.hh”
— class MyDetHit: public G4VHit {
private:
G4double edep;
G4AThreeVector pos;

public:
MyDetHit () ;
void Draw() const;

void Print () const;

inline void SetEdep (G4double de) {edep=de;}
inline G4double GetEdep () const{return edep;}

inline void SetPos (G4ThreeVector v) {pos=v;}

inline G4ThreeVector GetPos () {return pos;}

};
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G4VSensitiveDetector

G4VSensitiveDetector = &lA| HEE st= A&7 &

= 7|=5= H|o|a Zal2o|ct.
G4VSensitiveDetector = G4Step 2| X|A|of| 2} Hit
=& 9t=C}. 2 ProcessHits()

slt2e] sensitive detector class = HEEA]
jo} sict. Cl42| sensitive 74§7| 2=
of, 17HS0| ClHEZ =& 7IX|E& &
FAlct.

— myEMcal = new myEMcal (“/myDet/myCal/myEMcal”) ;
0| sensitive detector 2] ZQIE|E LS =
G4LogicalVolume object o] AlEslT1
G4SDManager ol 5& dlof SiC}.

~ scin_log->SetSensitiveDetector (myEMcal) ;
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G4VSensitiveDetector (2)

G4VSensitiveDetector = Al 7He] =
7F UCt.
— Initialize()

o O AFHC Al [ 22| XIS, &

£ 8t=C}. O] HitCollection 0] MH &= Hits=s= &

28t virtual &=
= O X2 M G4H CofThisEvent

— ProcessHits ()
* sensitive detector & X 2l &l 6l= G4LogicalVolume 0| Step O] & O
=S F20. 0l G4Step

Kl G4SteppingManager Jt 0| &5 22},
object 2t ReadOut geometry 2| G4TouchableHistory object Jt @1 A}

SM MOICEH.

— EndOfEvent ()
« O AF232l OFAISS0 =2, 2212| Hit collection =

G4HCofThisEvent 0] SZ2A|2IC} .
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G4SDManager

Sensitive A&7|0o]| et 22 G4SDManager 7} sict.
SDM 2 singleton 22 static 84+2 28| g8 £+ Ur}

— G4SDManager: : GetSDMpointer ()

B = Sensitive Detector 5 HIEA| G4SDManager of|
sSA|FHol MU= &f=giCt.

G4SDManager *sdman=G4SDManager: :GetSDMpointer ()
sdman->AddSensitiveDetector (this);

SDM 0| Hit collection ID & HHZ=C}.
— sdman->GetCollectionID (“My Collection”) ;
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Hits Collections

Hit collection 2 SD MM m 1/RO|EE F0] QlE
UCE.
collectionName.insert(“CalorimeterCollection”);
= SD e 7|58 o g0z =,
caloHitsCollection=new CalorimeterHitsCollection
(SensitiveDetectorName,collectionName[0]);

Hit 0| MM E ol ojct collection o @2™ Z=C}.

int icell=caloHitsCollection->insert(caloHit);
ZtZto] Hit collection 2 L}=0]| event QMo SEA|FHF
Of StC}. either in SD’s Initialize() or SD’s
EnfOfEvent()

static G4int HCID=-1;
if (HCID<O0) HCID=GetCollectionID(O0) ;
HCE->AddHitsCollection (HCID,caloHitsCollection) ;
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Access to the hits collections

Hits collections are accessed for various purposes

— Digitization

— Event Filtering in G4VUserStackingAction

— “End of Event” simple analysis

— Drawing/printing hits

SD Manager €& =3l Hit Collection 2 access §iC}.
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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