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Website

4+ Geant4 official site: https://geant4.org/

& GEANT4

A SIMULATION TOOLKIT

Geant4

Overview

Geant4 is a toolkit for the simulation of the passage of particles through matter. lts areas of application include high energy, nuclear and

accelerator physics, as well as studies in medical and space science. The three main reference papers for Geant4 are published in Nuclear
Instruments and Methods in Physics Research A 506 (2003) 250-303cf , |IEEE Transactions on Nuclear Science 53 No. 1 (2006) 270-278c
and Nuclear Instruments and Methods in Physics Research A 835 (2016) 186-225c1

User Support

Applications

Publications

Collaboration

A sampling of applications, Getting started, guides

technology transfer and and information for

other uses of Geant4 users and developers
Events

10™ International Geant4 Schoold! , Pavia (Italy), 16-20
January 2023

58" Geant4 Technical Forum, CERN, Geneva (Switzerland),
2 February 2023.

28" Geant4 Collaboration Meeting, Hokkaido University,
Sapporo (Japan), 25-29 September 2023

Past events

Validation of Geant4,
results from experiments
and publications

Who we are:
collaborating institutions,
members,

organization and legal
information

Download | User Forumo
Contact Us | Bug Reports

News

2022-12-09
Release 11.1 is available from the
Dovmload area.

2022-09-16
Patch-03 to release 11.0 is available from
the Download area

2022-09-09
Patch-04 to release 10.7 is available from
the Download archive area

2022-03-23
2022 planned developments
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Documentations

The following documents are accessible through the Geantd website

4+ Book for Application Developers [link]: introduces the first-time user to Geant4,

provides a description of the available tools and supply the practical information required to
develop and run simulation applications

4 Physics Reference Manual [link]: presents the theoretical formulation, model, or
parameterization of the physics interactions and describes the probability of the occurrence
of an interaction and the sampling mechanisms required to simulate it

4+ Users Guide for Toolkit Developers [link]: provides information for those who

want to understand or refer to the detailed design of the toolkit, as well as procedures for
extending the functionality of the toolkit


https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/html/index.html
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsReferenceManual/html/index.html
https://geant4-userdoc.web.cern.ch/UsersGuides/ForToolkitDeveloper/html/index.html

Hands-on sessions

4 Hands-on 1: installation, run a basic example
4 Hands-on 2: defining materials, a very simple geometry
4 Hands-on 3: building geometry, sensitive detectors and hits, user actions

4 Hands-on 4: using g4analysis to store the results in a file

All materials and manuals are uploaded in indico.
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Hands-on 1: installation
4+ #1: compile

Download source codes (https://geant4.web.cern.ch/support/download)

—

2. go to the path and unzip it.
3. mkdir build
4

cd build Path to install

5. cmake -DCMAKE_INSTALL_PREFIX=~/geant4-v11.1.0-install -DGEANT4 INSTALL_DATA=ON -
DGEANT4_USE_OPENGL_X11=ON -DGEANT4 USE_QT=ON ~/geant4-v11.1.0

6 c = Location of source codes and data
. make -]2€

/. make install -3j20

4+ #2: Set environment variable

Qt= HEEH Z20YPY0A GUI T2 HL0] 22| M0l 24 ZHE = LYI0|Ch My
£ 220 ¥Y S =7 22 HlGUI T2 oS AFSEICH J2T AFS Xt QIEHO|AS A
83ts Z20ls Q2 YA E222 B0 SA HRUAE Q2 "cute’2 EE31D Y20 b

- ZAFo 2= "JE|"2 2S5} Qi KDE Qtopia, OPIES| 0|22 QICH
1. source ~/geantd4-v11.1.0-install/bin/geant4.sh ” =

L2¢Jo| 3|AF EESH0f 2l5iA] JHEEIQUCt 2008 1€0l= =7|0t0f 2l==E|ACE O|F, 20124 8
20f TEE |A} Digiali Ql5=& ULk
QtE C++E2 F2 AMSSHX|Q, THO|M, 2H|, ¢, B, TTAZNE ASEC #Eg% EHEAN S}
O, 4295 &2 IHSHE X0t SaL HIO|HE0|A E 2, XML Me|, A= &g, ¢ I 2L E
SE I 2| APIZE MBSk
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Hands-on 1: run a basic example
4+ Steps

1. cd ~/geantd-v11.1.0

. /exampleB1

/gun/particle mu+
/gun/energy 10 GeV
/run/beamOn 1
/gun/particle proton
/gun/energy 100 MeV
/run/beamOn 3

2. cd examplegﬁbasicﬁgi
3. mkdir bulid

4. cd build

5. cmake

6. make

7.

8.

/run/beamOn 100
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Hands-on 2: defining materials

+ For Cs: Z=55, Agfr=132.9g/mol
+ Forl:Z=53, Agrr =126.9g/mol

+ Density of crystal of Csl: p=4.51g/cm?3

DetectorConstruction.cc File:

GAElement* el i = new GAElement("lodine", " 1", 53,126.9*g/mole);

GAE lement* el cs = new G4Element("Cesium", "Cs" 55,132 .9*g/mole) ;

GdMaterial* mat_csi = new GdMaterial ("Csl|",4.51*g/cm3,2)
mat_csi—>AddElement(el_i, 1),

mat_csi—>AddElement(el cs,1);

Jaeyoung Kim (Yonsei Univ.)
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Hands-on 2:a simple geometry

4+ Construct a geometry

DetectorConstruction.cc File:

GAMaterial* material = G4Material: ‘WHHHTH[ ial("Csl");

G4YSo | id* hadCalorimeterSolid = new wJBu ( HﬂdVﬂlur|mHTHIBu ,1.5%m, 30, xcm, 50, *cm) ;

GdLogicalVolume* hadCalorimeterLogical = new GAlLogicalYolume '.__| adCalorimeterSolid, material, "HadCalorimeterlLogical”
new GJPWPIacememt[ﬁ}GdThreeﬁectDr(ﬁ.}G.,3.*m},hadﬂalﬂrimeterL@gicalJ”Hadﬁalorimeterphyaical ,secondArmLogical T“I“H.”vlhwllH erlaps) ;

/run/beamOn 1
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Hands-on 2: change materials

4 Difference: Csl — Scintillator

Then,
/gun/particle e-
/run/beamOn 1

Csl

Scintillator
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Hands-on 3: building geometry

4+ Steps
1. Build second hodoscope

DetectorConstruction.cc File:

!
// Exercise 1

// Complete the full geometry.

// Note that second arm, by default is rotated of

/7 30 deg.

// Step 1. Add an hodoscope with dimensions (X,Y,Z):

/7 (10,40,1)cm made of scintillator.

// There are 25 planes placed at Y=7=0 (w.r.t. mother volume)
// hodoscopes in second arm

G4YSo | id* hodoscope2Sol id = new G4Box( "hodoscope?Box",5.*cm,20. *xcm, 0. 5*cm) ;
fHodoscope?logical = new GdlLogical¥olume(hodoscope?Solid,scintillator, "hodoscope?logical");
for (Gdint i=0;i<25; i++)
.
L
Gddouble x2 = (i-12)*10 . *cm;
new GAPYPlacement(0,G4ThreeVector(x2,0.,0.),fHodoscope?logical, "hodoscope?Physical ", secondArmlogical ,false, i ,checkOver laps) ;

2. Build drift chambers

DetectorConstruction.cc File:

// Step 2: Add 5 drift chambers made of argon, with dimensions (X,Y,Z):
/7 (300,60,2)cm
// These are placed equidistant inside the second arm at distances from —2.5m

// to -0.5m
// drift chambers in second arm
GAYSol idx chamber2Solid = new G4Box( "chamber2Box",1.5xm,30.*cm, 1. *cm)
GdlogicalVolume* chamberZlogical = new GdlLogicalVolume(chamber2Solid,argonGas, "chamber2logical");
for (G4dint i=0;i<5;i++) —
A\‘ I
L
GQddouble z2 = (i-2)*0.5*m — 1.5*m;
new GAPYPlacement(O,G4ThreeYector(0.,0.,z2) ,chamber2logical, "chamber2Physical”,secondArmlogical ,false, i ,checkOver laps)
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Hands-on 3: building geometry

4+ Steps
3. Add a virtual wire plane in drift chambers

DetectorConstruction.cc File:

// Step 3. Add a virtual wire plane of (300,60,0.02)cm
/7 at (0,0,0) in the drift chamber
{/ virtual wire plane

G4V¥Solid* wirePlane2Solid = new GABox("wirePlane2Box",1.5*m,30. xcm, 0. 1*mm) ;

fWirePlane2logical = new GdlLogicalVolumel(wirePlane2Solid,argonGas, "wirePlane2logical "),

new GAPYPlacement(0,G4AThreeVector(0.,0.,0.),fWirePlane2logical, "wirePlane2Physical", chamber2logical,false,(,checkOverlaps);

4. Build an EM calorimeter

‘DetectorConstruction.cc File:

// Step 4: Build Csl EM-calorimeter of (300,60,30)cm

// placed at (0,0,2)m in the second arm.

// The calorimeter is made of 80 cells,

// parametrised according to Cel|Parametrisation

// GAVPYParameterisation concrete instance.

// This class parametrize the position of each cell depending
// on its copy number.

// The cells have dimensions 15x15x30 cm.

// (you could use placements or replicas, but here

// we show how to use parametrisations to build geometry)
// Csl calorimeter

G4VSo | id* emCalorimeterSolid = new G4Box("EMcalorimeterBox",1.5*m,30.*cm,15.*cm) ;

// EMcalorimeter cells

GdV¥Sol id* cellSolid = new GdBox("cel |Box",7.5*cm, {.5%cm, 15, *cm) ;
fCe | ILogical = new GdlLogicalVolume(cellSolid,cs!, "celllogical");
arameterisation* cel|Param = new Cel |Parameterisation()

w GAPVParameterised("cel IPhysical”,fCellLogical ,emCalorimeterlogical, kXAxis,80,cel |Param)

GdlogicalVolumex emCalorimeterl GdlogicalVolume(emCalorimeterSolid,cs!, "EMcalorimeterLogical ")
new GAPYPlacement(0,G4ThreeVector(0.,0.,2.*m) ,emCalorimeterlogical, "EMcalorimeterPhysical”,secondArmlogical ,false,0,checkOverlaps);
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Hands-on 3: building geometry

4+ Steps
5. Implement hadronic calorimeter

lDetectorConstruction.cc File:

// Step 5: Add a "sandwich" hadronic calorimeter of dimensions:
// (300,60, 100)cm.

// The calorimeter absorber is made of lead. It is divided in
// towers of (30,60,100)cm. Use replica along X-axis

// for towers.

// A tower is composed of cells, "stacked" along Y-axis

// Each cell has dimension (30,30,100)cm.

// A cells has "layers" along Z-axis. Each layer has dimensions
/7 (30,30,5)cm. Also in this case use replicas.

// Finally in each layer there is a tile of scintillator material
// of dimensions (30,30,1)cm

// hadron calorimeter

'«Wﬂhd*)wd‘ﬂnrnmfw o\ul—lwm

// hadron calorimeter column
’“““w\\d* HadCalColumnSol id = new uJEn «("HadCa | Co lumnBox"
( GdlLogicalVolume(

ColumnLogical");
0,30, *cm) ;

C \‘ﬂ\umnuu\\d‘\ead.”
CalorimeterlLogical,k

[ColumnLogical = u

|Co lumnPhys ica

om, 15, *cm, 50, *cm) |
[CellSolid, le

ColumnLogical , kYAxis,

jox", 15, *cm, 15, *cm, 0. 5*cm) ;
Y tiSolid,scintillator, "HadCalScintilogical");
0.,2.%cm),fHadCalScintiLogical, "HadCalScint iPhysical",HadCallLayerLogical ,false,Q,checkOverlaps);
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Hands-on 3: user actions

4 Command-line user actions:

Then,

/gun/particle e+
/run/beamOn 1

+y axis: 1T magnetic field

4+ Can change with the user-defined command:
Ex: /tutorial/field/value 0.5 tesla

4+ Can change the second arm’s angle:
Ex: /tutorial/detector/armAngle 60
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Hands-on 4



Hands-on 4: Physics measurements

4+ Using ‘G4AnalaysisManager’, store ntuples and histograms
(csv, hdf5, root,xml are available.)

‘RunAction.cc file:

RunAction: :RunAction()
: GdUserRunAction()
{

// Create analysis manager

auto analysisManager = G4dAnalysisManager: ' Instance
// Default settings

analysisManager—>SetDefaul tFileType("root")

Gdcout << "Using "
analysisManager—>SetVerboseleve | (1) ;
analysisManager—>SetFileName("Tutorial");

/V Book histograms, ntuple
/7

// Creating 1D histograms

// Creating 2D histograms
affalys isManager—LreateH2 ("Chamber XY”
analysisManager—CreateH2 ("Chamber?2_xY'

// Creating ntuple
/7
I

analysisManager—>CreateNtuple("Tutorial”, "Hits");
analysisManager—>CreateNtuple|Column("Dc2Hits") ;

analysisManager—>CreateNtup |eDCo lumn("ECEnergy") ;
analysisManager—>CreateNtup |eDCo lumn("HCEnergy™) ;
analysisManager—>CreateNtupleDColumn{"Timel");
analysisManager—>CreateNtup leDCo lumn{ " Time2");

analysisManager—>FinishNtuple();

afalysishanager—sGreatem! ("Chamber1”,"Drift Chamber
analysishanager—sCreaten! ("Chamber2", "Drift Chamber

/ column |d
// column Id
// column Id =2

analysisManager—>CreateNtuple|Column("DciHits"); /

// Create analysis manager, set output format and file name

N
L

<< analysisManager—>GetType() << Gdend!;

OO

1T & Hits", ,
2 # Hits", 50,

"Drift Chamber 1 X vs ¥",50, —-1000.,
,"Drift Chamber 2 X vs Y",50, -1500.,

0
1

11

/

// column Id = 3
/7 column Id = 4
// column Id =5
//Do not forget this line!

, 50);
, 50);

/7 htId
/7 hl o Id

I

1000, 50,
1500, 50,

— O

-300.,
-300.,

300.);
300.); //

/7 h2 1d

he |d

I

£ ROOT Files
=- ﬁgTutonal root
E] ___|Tutonal1

..... |A Chamber2;1
______ h Chamber1 XY:1
______ h Chamber2_XY;1
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Available 1n test4 server

4+ Already compiled in our test4 server.

4 You can play with Geant4 freely.
Complied directory: /home/jykim/geant4-v11.1.0-install
Data directory: /home/jykm/geant4-v11.1.0

4+ All materials and manuals(.pdf) are uploaded in indico.
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