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> FR4FFIEHAE (Monte Carlo method)
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6 GEANT4

A SIMULATION TOOLKIT

Geantd

Overview

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

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

and Nuclear Instruments and Methods in Physics Research A 835 (2016) 186-22507 .

User Suppor

A sampling of applications,
technology transfer and
other uses of Geant4

Getting started, guides
and information for
users and developers

Validation of Geant4,
results from experiments
and publications

Events

[Virtual] 26! Geant4 Collaboration Meeting, 20-24
September 2021.

Past events

Who we are:
collaborating institutions,
members,

organization and legal
information
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Download | User Forumc
Contact Us | Bug Reportsc

News

2021-06-25
Release 11.0-BETA is available from the
BETA Download area.

2021-06-14
Patch-02 to release 10.7 is available from
the Download area.

2021-03-10
2021 planned developments.

2020-11-06
Patch-03 to release 10.6 is available from
the Download archive area.
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> GEANT (GEometry ANd Tracking )

o GeantditXItgF 1994, FEHFLHI=ZCERN

- FRSRFFRRAZEMNFEYRPMESHYETREZNNBREGE

o ETCHAMMMEREAR, RRBTEHH, EARFHAIY BEMIFREM

o TZNATRFIIE, 2918, MESPIE, TERIIIE LK E F i 5 FalE

+  GeantdAREURRMUSLINTTRHIRUTNGE, REZN =3O A LUIBEA:
1) HAMFILGAER, SRRNENTE. R, K0 HHEEF;
2) NFS5YRHEEIER, HxBi. 855, REIAFFIE;
3) MEHALT, PRATRIERE, gEE. AlE. HEFER;

BNNEBEE: XERRRFRY, BEPEE—MMRAIFRITH, FIREH
HRTSHBR (F7) HEMFERAEE, . R TERRYRNNGEE
TR BTEFE . FE S, SRRTUIRN ESRYSEPRAE R .
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yipvid =gux
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TrackiD O

TrackID 2

EIHE%Run Event, TrackFIStepFiXERHNABME
RunBI—>Rizf748H), BFE—METEH, MBeamOnFKEF i f72| Z 7R A—Run ;
EventBl—REBHIEIL, —MNER FHEBENHHZILRE
F— EtentP R FS5MFRMEEER, SFEREBRENT, M TFEHE K=, AiTrack
mME—NF (FIENECORER) NIREXERE B Ak, FRAStep,
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N o A Run Start > AR N
PRI, FEGATHRTIRRUN > an Event Start -> KL T A S BAIT
-> A Track Start

i RUHETLE; %giqﬂuf—f 1:/] %f@ ?E > A St Start
BEITHIIR 1L i A St:g Enadr

-> Next Step Start

- MiaiEkEFERMEE

>
. EERH—HT, S—SBRBEE | e
FRRITIRM. o o o -> Next Track Start

BRSO R AT D B AR A 0T
1T -> An Event End

-> Next Event Strat
B AR E AR EgRRE
v B */Fstepm»ﬁg«’r‘u?ﬁ“--»ﬁr*‘}%track‘%%ﬁﬁ“ -> All Event End(All Primaries Shot)
v AR Z (BRI =itk -> A Run End

-> Next Run Start

>,
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Geantd; 2 — X431 o) A 45 ﬁ%EI’JC++_T_ 14 C++E(ES

(\Sf!ant4l§']li$£5'iz5(‘ﬂz,\ HRAyfE O 2

TEHMKI, EENE MR KgiED

K (EHIE+T]IEE) | E%ﬁﬁi\ﬁlﬂﬁﬁﬁﬁ’ﬂ%%@%{, Bxfemain() R &I A

X Hgccmikas, EFREHMFMCH+—FF

main() & £

*GAN T MC++B X 5, FERFRREZ-cc,

BXHFER | /src/
B FRRFL X | /include/
HAth i A

kX e85 ER = hh

#45] . Jexamples/extended/radioactivedecay/rdecay01/
lupengzhongdeMacBook—-Pro:rdecay®l lupengzhong$ 1s

CMakelLists.txt README neutron.mac

Cf238.mac Ra228.mac plotHisto.C timeWindow.mac
Coé0.mac UserData proton.mac timeWindowBiased.data
GNUmakefile alpha.mac timeWindowBiased.mac
Gd158.mac debug.mac rdecay@l.1n vis.mac

History electronlcCapture.mac rdecay@l.out

No252.mac 1] n.mac references

Po212.mac singleDecay.mac

A
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main()EQ

/[EfTEEsE (KREXR)

G4RunManager* runManager = new G4RunManager

[N (FHERMEEK)

G4VUserDetectorConstruction™ detector = new MyDetectorConstruction;
runManager->SetUserlnitialization(detector);

[IEEE (F4%)
G4VUserPhysicsList* physics = new MyPhysicsList;
runManager->SetUserlnitialization(physics);

/IR =% (MR)

G4VUserPrimaryGeneratorAction* gen_action = new MyPrimaryGeneratorAction;

main() &

runManager->SetUserAction(gen_action);
/¥ RNz CEHF)
runManager->Initialize();

[[HATESL (—RELIEH)

G4int numberOfEvent=1000000;
runManager->BeamOn(numberOfEvent);
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rdecay01l.cc

//construct the default run manager | &j(7@ 3 z/=S5THE
#ifdef G4MULTITHREADED BBz T EIERS

G4MTRunManager*x runManager = new G4MTRunManager;

runManager—>SetNumberOfThreads(std: :min(4,G4Threading: :G4GetNumberOfCores()));
#else

//my Verbose output class

G4VSteppingVerbose::SetInstance(new SteppingVerbose);

G4RunManager* runManager = new G4RunManager;

#endif
WIS Set iR B B LG, YEELRE, W&

xset mandatory initialization classes %J%‘é/%}]ﬁé'ﬂﬁ;‘é

runManager->SetUserInitialization(new DetectorConstruction);

runManager->SetUserInitialization(new PhysicslList); R K
BT Setf FR EIRIEAR K,

B - g A : CRC S A Sk
runManager->SetUserInitialization(new ActionInitialization); gE%J;}g/);HF:I:/yélé

//initialize G4 kernel

runManager->Initialize(); Initialize() g—q éﬁ?‘ﬂﬁ/ﬁ'ﬁtGZlW *Z

//initialize visualization N NN
G4VisManager* visManager = nullptr; ﬂﬁ(jﬂb{k%ﬂﬁﬂ{k

//get the pointer to the User Interface manager A P
G4UImanager* UImanager = G4UImanager::GetUIpointer(); gl 32 Ul (User Interface) Eifzs
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R HFIEF/src/

lupengzhongdeMacBook-Pro:rdecay@l lupengzhong$ cd src/
lupengzhongdeMacBook-Pro:src lupengzhong$ 1s

ActionInitialization.cc HistoManager.cc Run.cc TrackingAction.cc
DetectorConstruction.cc PhysicsList.cc RunAction.cc TrackingMessenger.cc
EventAction.cc PrimaryGeneratorAction.cc SteppingVerbose.cc
lupengzhongdeMacBook-Pro:src lupengzhong$ 1s ../include/

ActionInitialization.hh HistoManager.hh Run.hh TrackingAction.hh
DetectorConstruction.hh PhysicsList.hh RunAction.hh TrackingMessenger.hh
EventAction.hh PrimaryGeneratorAction.hh SteppingVerbose.hh

Hw—a  GAREM LN EARERAR ESsre——3f

> JINEEZEFE

.- Bk, SAB! ROUE—NEFEBIEET!
JL1a 25742 (DetectorConstruction) —
B E X (PhysicsList) LS
R F & STea 2£/IREAR 2 (PrimaryGenerator) —

« A[EX:

BITALIES (RunAction) - 9 T Sk 3K
EHAIEZ (EventAction) HATER
RIS (TrackingAction)
LIS (SteppingAction) _

EEARE GEANT4AAI] 11




DetectorConstruction

RMFHLAITAR; RN P ERME; FRUSSURXERE X ; SIRXEBRIZEAR

G4VPhysicalVolumex DetectorConstruction::Construct()

{

bl

% define a material EXM’*SL——:—?ELAIF

G4Material*x Air =

G4NistManager: :Instance()->FindOrBuildMaterial("G4_AIR");

// E X 5 EWorld——7 F74
% World BEEFTHTSAIr
& oy 7 (0,0,0) A44% ;
solidWorld = new G4Box("World", //its name
fWorldSize/2, fWorldSize/2, fWorldSize/2);//its size
G4LogicalVolumesx
logicWorld = new G4LogicalVolume(solidworld, f/its solid
Air, //its material
"World"); //its name
G4VPhysicalVolumesx
physiWorld = new G4PVPlacement(9, //no rotation
G4ThreeVector(), //at (0,0,0)
logicWorld, //its logical volume
"World", //its name
9, //its mother volume
false, //no boolean operation
0); //copy number
//

//always return the physical World

//
return physiWorld;

A

GEANTAN|]

Bx A B9 JU AT 4 oy i &
World, b€l & 8 HY
JIRCIE

fRiE: FTLAERE A RIE
TSI =E, Z[EFR
Ar “1TR” FHEE
ERXTKRREEA.

SE{(solid volume)
1B 2544 (logic volume)
IR (physical volume)

fE. BEAMELE
HY BT A JL ] %5 1% + 4238
it (M R/ 8RS TT/
HishEE)
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GAYIIEE By

> G4'FE BYIEEEARAL
Basic units:

B E A LR A T AL, A B AL B e mm, (B R BAECm.

HoAt1 52T H Basic unitsTE(L TR, GAHH XA BA A AZ R REAT 1€ 3, AT BMRTT
(T VDB SR AT 1R 5% M ELRHE /5 P B 4 44 A48 5 PR

FH: R g BRUARAEXERHES
G4double length=10.; \i*’kﬁ'f_L R%Zﬁ%ﬁﬁkiﬁ

G4double length=10. * mm;
G4double length=10. * millimeter;
G4double length=1. * cm;
G4double length=1. * centimeter;

M _EFaR 1 F 0
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DetectorConstruction——# I E W |

{E FHNIST material database

fif Mate1{1al ——=> Vacuum /HZIE_X7|‘7J'5|'3|-

73
=~

G4Materialx Vacuum =

G4NistManager: :Instance()->FindOrBuildMaterial("G4_Galactic");

//Material ——->Air
G4Materialx Air = TE M #Ht

fzf—

G4NistManager::Instance()->FindOrBuildMaterial("G4_AIR");

//Material ——->Fe E)‘(M—*&

G4Materialx Fe =

G4NistManager::Instance()->FindOrBuildMaterial("G4_Fe");

//Material --->BGO ,"i')‘(j:;]‘ﬂ‘?

G4Material* BGO =

G4NistManager::Instance()->FindOrBuildMaterial(“G4 BGO”);

//Material ——->POLYETHYLENE

BRI

G4Materialx PE =

“ =

=

G4NistManager: :Instance()->FindOrBuildMaterial ("G4_POLYETHYLENE");

//Material —-—-->Nylon

G4Materialx Nylon =

G4NistManager::Instance()->FindOrBuildMaterial ("G4 _NYLON-6-6");

A
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Geant4FINISTH R SR EE

« JTLES~H(H->Cf, Z=1~98)

- BARMLEFE, #Bid3000FtxE

FHHR

L ==\ N
° ETﬁEX%E\ ﬂ./,/lfl\%\ ;ES/EI\
### Elementary Materials from the NIST Data Base
Z Name ChFormula density(g/cm”3)
1 G4_H H_2 8.3748e-05
2 G4_He 0.000166322
3 G4_Li 0.534
4 G4_Be 1.848
5 G4_B 203/
6 G4 _C 2
7 G4_N N_2 0.0011652
8 G4 0 0_2 0.00133151
& G4 _F 0.00158029
10 G4 Ne 0.000838505
11 G4 Na 0.971
12 G4 _Mg 1974
13 G4_Al 2.6989
14 G4_Si 2233

I(eV)

(O~
41.8
40
6357
76
81
82
o5
115
137
149
156
166
173

fEHIERRNZT (Name) G4_xx, XKiE

GEANTAN|]

N Name

1
6
7
8
11
12
15
16
17
19
20
26
30

4 G4_Air
6
7
8
18

2 G4_Csl
53
55

0.119477
0.63724
0.00797
0.232333
0.0005
2e-05
0.00016
0.00073
0.00119
0.00032
2e-05
2e-05
2e-05

0.000124

0.755268

0.231781
0.012827

0.47692
0.52308

ChFormula

13 G4_Adipose_Tissue

0.00120479 85.7

4.51

553.1

E (density) .

4

+ A
A A
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DetectorConstruction——#4 Rl E NI

%

|sotopes <>
elements <>
molecules, compounds, mixtures <> G4Material

WA ENBMN - BEIRTS)

//Materials defined by self
G4String symbol;

G4double a;

G4double z;

G4double density;

G4int ncomponents, natoms;

G4Element* Cd
G4Element* Mo
G4Element* O
G4Element* C
G4Element* H

new G4Element("Cadmium",
new G4Element("Molybdenum",
new G4Element("Oxygen",

w G4Element("Carbon",
new G4Element("Hydrogen",
G4Element* Br = new G4Element("Bromine",
G4Element* La new G4Element("Lanthanum",

//Material-——>CdMo04

i nuwunnu
-
)

G4Materialx CdMoO4 = new G4Material("CdMoO4",

CdMoO4—>AddElement (Cd, natoms=1);
CdMoO4->AddElement (Mo, natoms=1);
CdMoO4—>AddElement (0, natoms=4);

//Material-——>PET C10H804%

m 5/ R/ R KE/ B RE/ R A K ERD

C B>

, FKRER!

// atomic mass
// atomic number

symbol= "Cd", z= 48.
symbol= "Mo", z= 42.

symbol= "O0" , z= 8.
symbol= "C", z= 6.
symbol= "H", z= 1.

symbol= "Br", z= 35.
symbol= "La", z= 57.

I

= 116.00%g/mole);

100.00%g/mole) ;
16.00%g/mole);
12.00%g/mole);
1.00%g/mole);

80.00xg/mole) ;

= 139.00%g/mole);

density=6.207%g/cm3, ncomponents=3); //

G4Materialx PET = new G4Material("PET", density=1.4%g/cm3, ncomponents=3); //PET 200um

PET->AddElement(C, natoms=10);
PET->AddElement(H, natoms=8);
PET->AddElement (0, natoms=4);

GEANTAN|]
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DetectorConstruction——#4 Rl E NI

SEHF, FRER!

a = 14.01*g/mole;

G4Element* elN = new G4Element(name="Nitrogen",symbol="N", z= 7., a);
a = 16.00*g/mole;

G4Element* el0 = new G4Element(name="Oxygen",symbol="0", z= 8., a);
density = 1.290*mg/cm3;

G4Material* Air = new G4Material(name="Air", density, ncomponents=2);

Air->AddElement(elN, 70.0*perCent); . Ps=
Air->AddElement(elO, 30.0*perCent); E X1 -1
G4Element* elC = ..; // define “carbon” element

G4Material* Si02 = ..; // define “quartz” material = W kR
G4Material* H20 = ..; // define “water” material -—

density = 0.200*g/cm3;

G4Material* aerogel = new G4Material("Aerogel",

density, ncomponents=3);
aerogel->AddMaterial (Si02,fractionmass=62.5*perCent);
aerogel->AddMaterial (H20, fractionmass=37.4*perCent);
aerogel->AddElement (elC, fractionmass= 0.l1*perCent);

SF=Y  AddMaterial 5AddElement
ESRRE GEANT4N]|]
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DetectorConstruction——# £} & X 52 1|

HCHF, FRER!

B4 & LCLYCH B, Cs,LiYCly, HE¥LiAg&, SLiA90%, 7LiN10%

B : Cs/Li/Y/Cl {£ HG4Elements, HFLiAFTE ({F£HG4isotope) , /55 HMaterial
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DetectorConstruction——3%M2& JL{al {2

o ENMFEMEF/LA M EAfAVolumeRYHES, GAPERNIES/LITRHTRZVolumetapk
« ENMEZE

« G4VSolid: Fik(shape), R~I(size)
* GA4logicalVolume: ##l(material), RBIX(sensitivity), FIH(magnetic fields)ZF
* GA4VPhysicalVolume: {iLE (position), ¥%ZEfi(rotation)

o {FF(Volume)iHATEE

G4VSolid - G4LogicalVolume | G4VPhysicalVolume
@ G4Material ' G4VisAttributes | g4pvPlacement
| |
l G4Tubs | G4VSensitiveDetector G4PVParameterised

EERRE GEANTAN|]



DetectorConstruction——iFz8JL{A[ {4 rdecayo1

o BKA2emBIL I

// World
//
//
fWorldSize = 20*mm;
*
solidWorld = new G4Box("World", //its name
fWorldSize/2, fWorldSize/2, fWorldSize/2);//its size
Half x Half y Half z
G4LogicalVolumesx
logicWorld = new G4lLogicalVolume(solidworld, f/1ts solad
All //its material
"World"); //its name
G4VPhysicalVolumes
physiWorld = new G4PVPlacement (9, //no rotation
G4ThreeVector(), //at (0,0,0)
logicWorld, //its logical volume
"World", //1ts name
(P //1its mother volume
false, //no boolean operation
0); //copy number

EERRE GEANT4AN[] 20



DetectorConstruction——i5mas Lk

/, /, = E— NI RS . =] /4
« AR7mm, FME14mm, EE3.5mm, SE3.325mmA R ANIREE
// Ni hat Tubs
G4double hatr® = 0.7xcm; // 1l4mm
G4double hatr = 0.35%cm; // Be phi = 0.7 cm, 7mm
G4double hath = 0.3325%cm; // distance2(1.4mm)+Be(12.5um)+0.5%SicrystalsizeC(500um) *2 =
G4double hatZ = 0.5%(polyfilmsizeC+hath);
G4Tubsx*
SolIqNat = new G4Tubs("Hat", // its name
hatr, hatr@, 0.5%hath, 0.xdeg, 360.xdeg ); // its size
G4LogicalVolumexk
Ioglcﬁaf = new 54Logica1Volume(solidHat, fof i ts-so0ldd
Ni, // its material
"Hat"); // its name
new G4PVPlacement (9, // no rotation
G4ThreeVector(9,0,hatz), // at (0,0,0)
logicHat, i // its logical volume
"Hat", // its name
logicWorld // its mother volume
%a?se, // no boolean operation
9); // copy number
GATubs(const GAString& pname, // name
G4double pRmin, // inner radius
G4double pRmax, // outer radius
G4double pDz, // Z half length
G4double pSphi, // starting Phi
G4double pDphi); // segment angle
=S GEANT4N|] o 21



Solids

= Solids defined in Geant4:
» CSG (Constructed Solid Geometry) solids

DetectorConstruction——3#z8 JL{A {Fsolids
e G4Box, G4Tubs, G4Cons, G4Trd, ... ‘
« Specific solids (CSG like)

e G4Polycone, G4Polyhedra, G4Hype, ..

e G4TwistedTubs, G4TwistedTrap,
» BREP (Boundary REPresented) solids

e G4BREPSolidPolycone,
G4BSplineSurface, ...

e Any order surface
« Boolean solids
e G4UnionSolid, G4SubtractionSolid,

GEANT4AN|]
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DetectorConstruction— — iz & JL{T{xrdecay01iE{T

o] 21z 175 Frdecay0l
S mkdir rdecay01-build

S cd rdecay01-build

S cmake ../rdecay01

S make

S ./rdecay01




DetectorConstruction——502& JL{af{&scill

#=45] . fErdecay0l%]-F P £ RAR ) SR BE ZAX M BAESE, MEH IR

RN EMMD, M B K 15cm*15cm, AR EFE E lem, AR A
95%Ne+5%iC4H10

1cm 15 cm

15cm

15 cm
FEA CHRAEN ARK
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L ATEMEMENR, RUEMEMENR, E4REE AZENNAPIE
Fp)@ABREE, FTEATAFTA

2. 1BRR@ LB CER, BCBIINERR, SERIN ) FRBRAN, AEHCH—
ERZFNEMLE, @M MEZIMNER, (REOTHEE I AREET AT ;

3B, ZFTHcout—ERALRK, BILITRFTE, BJILITRFTED, #RE%
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51

4 FEMBIRLUNES B BEE, ERINMTA, FEMH4AGE, XMREREE
BlFo]Us% (HLRASHESENGF) , FEERETENER, REHE
“BIAN" HEM EIMABCHERE ;

il

SHERNERESLER, KROALBRREREZANE/XXKRETF. . .



ExFA=

AxEA)

= an] WFEF N (1)

~

i1 ~

GEANTAN|]

26



PhysicsList
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