RIS EUR St
FllzZ AR B




> H%: 180mm

E{?&: 100mm
5:90mm

2A28H(X): 2 cm
28H(Y): 1 cm
A284(2): 3 cm

H#%:110mm
&: 820mm

% BITEMNEIRTR—MERFE,

FRFEFE.

SR BMS/ R

* 18 1&11-#*}%—’\1*@] *aiuhr" MEESERIRIX

RFII%EE ST

ﬂl:ﬂ', SUI:ISE : J_Bﬁﬂﬁjﬁ 1755!?"' HIRSS.

% IFRFEIRITEBNCD)2—MHRYTE, 202028
B/'BNCTIR&HE EIZISSJEHU:FE {BRAN{ER0.5 e VAR
7R, iR mE e AR SMEXA 'B[EFiR

SIEERYIRTT SR TIILL.

r73so

% BRI B MNELT G X

EBRXR, l«l&ﬁmuﬁkﬁkd\ﬂgﬂ’ﬂﬂ =a, SHE
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* APERSEMFEFHSESERTHES
G4VUserPrimaryGeneratorAction

> EERES R PR ZRA9—  user action

% GeantdPIEBEHIIEGIFZET

> RIF#8 (G4ParticleGun)
> HER—LAIRIFF=ERS (GPS) (G4GeneralParticleSource)

% YMEREGIFEEF S Geant4iZ[] (HEPE VL)



=4+ N B PEERERXER

G4RunManager
SetUserAction()

use

_ G4VPrimaryGenerator
GeneratePrimaryVertex()

o
inherit

UserPGA T ——
G4ParticleGun

G4GenerarlParticleSource




ARPMEFIR(ERREMAE

% FAPRIFFETFIRIESE (PGA class) EEHIRELE I G4VPrimaryGeneratorAction
s {EPGAXERERFEIGeneratePrimariesOFR, AHAFEFZEAIGeneratePrimaryVertex()EHE]
% Geantd RRIERIF=HEF

» G4ParticleGun
» G4GeneralParticleSource (GPS)

// Constructor
void MyPrimaryGeneratorAction: :MyPrimaryGeneratorAction
{

// particleGun is a member of this class.

particeGun = new G4ParticleGun();

}

void MyPrimaryGeneratorAction::GeneratePrimaries (G4Event*
anEvent)

{

particleGun-> GeneratePrimaryVertex(anEvent);

}



BIFI8F=%EF (G4ParticleGun)

%  G4VPrimaryGeneratorfl) EL{SEIR

% NFERAFRENER. HENBL—MSELR, RFUEAFITIANEEIFEREIRF
> BE—RINBFIEE

% LRV SFRENIE:

/gun/list List available particles

/gun/particle Set particle type to be generated

/gun/direction Set momentum direction

/gun/energy Set Kinetic energy

/gun/momentum Set momentum

/gun/momentumAmp  Set absolute value of momentum

/gun/position Set starting position of the particle

/gun/time Set initial time of the particle

/gun/polarization Set polarization

/gun/number Set number of particles to be generated (per event)

/gun/ion Set properties of ion to be generated [usage] /gun/ion Z A Q



WN{a{E G4 ParticleGun?

void MyPrimar'yGener'ator‘Action::Gener‘atepr‘imar‘ies (G4Event* anEvent) {
G4ParticleDefinition* particle;
G4int i = (int)(5. * G4UniformRand());
switch(i) {
case O: particle = positron; break;
case 1:

}

particleGun-> SetParticleDefinition(particle);

G4double momentum = 100.*MeV;

G4double pp = momentum + (G4UniformRand()-0.5) * sigmaMomentum;
G4double mass = particle-> GetPDGMass();

G4double Ekin = sqrt(pp*pp+mass*mass) - mass;

particleGun-> SetParticleEnergy(Ekin);

G4double sigmaAngle = 10.*deg;
G4double angle = (G4UniformRand()-0.5) * sigmaAngle;

particleGun->
SetParticleMomentumDirection(G4ThreeVector(sin(angle),0.,cos(angle)));

particleGun-> GeneratePrimaryVertex(anEvent);



G4GeneralParticleSource (GPS)

% NFEERUEY ST TIMARNG R THE
> W—1|. B KAS. .. R5HF.

% RIFAPH
> IR T VM AREIAD T isotropic, cosine-law, focused, ...
> [RIIEIRE T —E4=HIS%4 (min/max-theta, min/max-phi,...)

% RIFRIENEESS T
> IR —LHBH AR ST (e.g. mono-energetic, power-law)
> ey, EB—LEFIMYS T (e.g. black-body), BEKFHRBEXMS .

% ZPMRIFR
> EEHREXARIEZEENSE.

% BEFISINSEHIHFIERTIEE (event biasing)
> IRERIFEB, TREa7Hh. SEEMRESHNE.




{EFGPSRYBIF

// constructor
MyPrimaryGeneratorAction: :MyPrimaryGeneratorAction()

{

// gps is a member of this class
gps = new G4GeneralParticleSource();

}

void MyPrimaryGeneratorAction::GeneratePrimaries(G4Event*
anEvent)

{
}

gps-> GeneratePrimaryVertex(anEvent);

% BT RSAUIGSHAPEEER



GPSHIUIRRS

% THNEERHE TRSEAGPSHFIF, AIHSE,

» http://hurel.hanyang.ac.kr/Geant4/Geantd GPS/reat.space.qinetiq.com/gps/examples/examples.html

/gps/particle proton

protons

/gps/ene/type Mono

/gps/ene/mono 560 MeV mono energetic beam of 500 MeV

/gps/pos/type Plane -
/gps/pos/shape Rectangle planar emission from a zx plane along -y axis

/gps/pos/rotl 0 0 1
/gps/pos/rot2 1 0 ©
/gps/pos/halfx 46.2 cm
/gps/pos/halfy 57.2 cm é%?f%?:

/gps/pos/centre 0. 57.2 0. cm G4GeneralParticleSourceMessenger

/gps/direction 0 -1 ©


http://hurel.hanyang.ac.kr/Geant4/Geant4_GPS/reat.space.qinetiq.com/gps/examples/examples.html
http://www-geant4.kek.jp/lxr/source/event/src/G4GeneralParticleSourceMessenger.cc

HEPEvt

% G4HEPEvtInterface
> (E/HEPEVT/HEI, NWRESEFFORTRANHKFHEFERIEH
> ASCIIST{8EGN

411

2 A 2 J  0.188382d0et+02 0. 2d84636%e+02 —0. 6046593 TeHl1 0.303T8159=+03
2023 4 B 0.11302123e+01 -0, 2315644 3e+02 0. 11416953e+13 0. 8803804 &e+02
E 23 [ T N 1eANSN2 e N2 0 AQLON2EI 1402 1 12N 124113 N Q] TATT N2
| 17 Extended/runAndEvent/REO5: pythia_event.data
1 11 a 0 0.580723584e+00 —0. 1361 Ta30e+02 -0, 8d1T062deH]2 0. 509090908 —073
1 -11 0 0 0.1787303e+02 0. 6162044 1e+02 -0, 36045494 e+12 0. 5099998803
2 -2 bl Bl -0,24825286e+01 -0, 143156886:e+01 0. 284T23T0eHI0 0. 5500000802
NHEP
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEPS
ISTHEF = =tatus code
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEPS TLHEFR — HEP FIC code
... INHEP times] JDAHEP = first daughter
NHEP JDAHEF = la=zt daughter
PHEF1 = p¥ 1n GeV
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEP5 PHEE? — Dy in Ge¥
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEP5 PHEP3 — pz in GeV

... INHEP times] PHEFS mass in GeV



{SEFHHEPEvt (NO4)a3{5l=

ExNO4PrimaryGeneratorAction: : ExXNO4PrimaryGeneratorAction()

{
const char* filename = "pythia_event.data";
HEPEvt = new G4HEPEvtInterface(filename);
}
ExNO4PrimaryGeneratorAction: :~ExNO4PrimaryGeneratorAction()
{
delete HEPEvVt;
}

void ExNO4PrimaryGeneratorAction: :GeneratePrimaries(G4Event* anEvent)

{
}

HEPEvt->GeneratePrimaryVertex(anEvent); }



Y11B%513E (Physics lists)

% T4 Rphysics list?

>BXERE—1R, ZREE7TRPHRNMRIMEFERMBINAFENX,
Lyl LdNE 1 T 15

> BEHIFRG4IRunManager K BYIIEHEIER

> 1R E CYIBIIRN A ZRRER
- ARETLAER R B AR TR
- (REILAA SR T IS e

> (8%, (R IBS R — 1 B 7 /%
- L F IR TR E (AT A SRR R MR R




FA AT AFT2IETIR?

% Geantd GiRIRH— 1" =E2INEI R IRE TN HP(EH
> Geantd BB A Z A IBIR BRI IS
- XXRIEEERZIELNER
- FRBFETFRUEEE(ERT
> IBITEEBE— e
> ISBHAPRPNEREXERN: EGeantd IR YIRS EAREFIRIF

+ BFX—RA,
> Geant4iR(RANFZS VIR IE 2 AR SRR IRIZAY
> A PEIEX IR IE A NG EE R — Y




Geant4iZ2{HERYIEIE

+ FBEEEIER
> fERBENIEE, M ~1keV B ~PeV
> {REEEBENIEE, M 250 eV El| ~PeV
> FFFFIIE

+ S5fHE{EH
> EARFHI=EE
> [RFZBIET =SS

+ sEffB{EH
> SEEpsEdiE, M 0 El ~Te
> BFFHMIIESSZBIEEIER. I 10 MeV Fl| ~TeV

% SEMEE) “RIEEN" YEgE




G4VUserPhysicslList

% FARF E CRIYIIRFIRIETZR R IR T 1%
> ZIEEERZYIEFIRSIF G4RunManager

(il
Class MyPhysicsList: public G4VUserPhysicsList {
public:
MyPhysicsList();
~MyPhysicsList();
void ConstructParticle();

void ConstructProcess();
void SetCuts();

}
% FAPRPEZEBRPSEM ConstructParticle(), ConstructProcess()§SetCuts()




ConstructParticle()

Void MyPhysicsList::ConstructParticle() {
//construct boson
G4Gamma: :GammaDefinition();
G40pticalPhoton: :OpticalPhotonDefinition();
//construct lepton
G4Electron::ElectronDefinition();
//construct meson
G4PionPlus: :PionPlusDefinition();
//construct baryon
G4Proton: :ProtonDefinition();
//construct ion
G4Alpha: :AlphaDefinition();
G4AntiAlpha: :AntiAlphaDefinition();
G4GenericIon: :GenericIonDefinition();
//construct short lived particle

G4ParticleDefinition* particle = new G4Gluons(***)

particle->SetAntiPDGEncoding(21);

FI—HBI

Void MyPhysicsList::ConstructParticle() {

G4BosonConstructor: :ConstructParticle();
G4LeptonConstructor::ConstructParticle();
G4MesonConstructor: :ConstructParticle();
G4BaryonConstructor: :ConstructParticle();
G4IonConstructor::ConstructParticle();
G4ShortLivedConstructor::ConstructParticle();



Eé?*ﬂﬁ@?

electron
positron

muon +/-

tauon +/-

electron (anti)neutrino

muon (anti)neutrino

tau (anti)neutrino

photon (y, X)
photon (optical)
geantino

charged geantino

G4Electron
G4Positron

G4MuonPlus
G4MuonMinus

G4TauPlus
G4TauMinus

G4NeutrinoE
G4AntiNeutrinoE

G4NeutrinoMu
G4AntiNeutrinoMu

G4NeutrinoTau
G4AntiNeutrinoTau

G4Gamma
G40pticalPhoton
G4Geantino

G4ChargedGeantino

e+

mu+
mu-

tau+
tau-

nu_e
anti_nu e

nu_mu
anti_ nu_mu

nu_tau
anti_nu_tau

gamma

opticalphoton

geantino

chargedgeantino

11

-13
13

-15
15

12
-12

14
-14

16
-16

22
(0)
0)
0)



§§¥*ﬂ%¥%
T T I

(anti)proton

(anti)neutron

(anti)lambda

pion

kaon

(anti)alpha

(anti)deuteron

Heavier ions

G4Proton
G4AnitProton

G4Neutron
G4AntiNeutron

G4Lambda
G4AntiLambda

G4PionMinus
G4PionPlus
G4PionZero

G4KaonMinus
G4KaonPlus
G4KaonZero
G4KaonZeroLong
G4KaonZeroShort

G4Alpha
G4AntiAlpha

G4Deteuron
G4AntiDeuteron

G4lons

proton
anti_proton

neutron
anti_neutron

lambda
anti_lambda

pi-

pi+

pi0
kaon-
kaon+
kaonO
kaonOL
kaon0S

alpha
anti_alpha

deuteron
anti_deuteron

ion

2212
-2212

2112
-2112

3122
-3122

-211
211
111

-321
321
311
130
310

1000020040
-1000020040

1000010020
-1000010020

100ZZZAAAl*

*777=nroton number AAA=nticleon nuumber |=excitation level



ConstructProcess()

void MyPhysicsList::ConstructProcess() {

//method provided by G4VUserPhysicsList assigns

//transportation process to all particles defined in
ConstructParticle()

AddTransportation();

//put EM physics here, defined by user
ConstructEM();

//put hadronic physics here, defined by user
ConstructHad();

//put optical processes here, defined by user
ConstructOP();

//put all other processes here, defined by user
ConstructGeneral();



ConstructEM()

void MyPhysicsList::ConstructEM() {
G4PhyscisListHelper* ph = G4PhysicsListHelper: :GetPhysicsListHelper();
theParticlelIterator->reset();
while( (*theParticleIterator)() ) {
G4ParticleDefinition* particle = theParticlelterator->value();
if(particle == G4Gamma::Gamma()) {

ph->RegisterProcess(new G4GammaConversion(), particle);
...... // add more processes

if(particle == G4Electron::Electron()) {

G4eMultipleScattering* msc = new G4eMultipleScattering;
G4UrbanMscModel95* mscl = new G4UrbanMscModel95();
G4WentzelVIModel* msc2 = new G4WentzelVIModel();
mscl->SetHighEnergyLimit(highEnergyLimit);
msc2->SetLowEnergyLimit(highEnergyLimit);
msc->AddEmModel (@, mscl);

msc->AddEmModel (1, msc2);

ph->RegisterProcess(msc, particle);

...... // add more processes

...... //define processes for other particles



ConstructHad()

void MyPhysicsList::ConstructHad() {
G4PhyscisListHelper* ph = G4PhysicsListHelper: :GetPhysicsListHelper();
theParticlelIterator->reset();
while( (*theParticleIterator)() ) {
G4ParticleDefinition* particle = theParticleIterator->value();
if(particle == G4Neutron::NeutronDefinition()) {

// define elastic scattering
G4HadronElasticProcess* elasticproc = new G4HadronElasticProcess;
G4HadronElastic* elasticModel = new G4HadronElastic;
elasticModel->SetMinEnergy(19*MeV);
G4ANeutronHPElastic* elasticHP = new G4NeutronHPElastic;
elasticHP->SetMaxEnergy(19*MeV);
elasticproc->RegisterMe(elasticModel);
elasticproc->RegisterMe(elasticHP);
elasticproc->AddDataSet(new G4NeutronHPElasticData());
ph->RegisterProcess(elasticproc, particle);
...... // inelastic scattering
...... // capture
...... // fission

...... //define processes for other particles



ConstructOP()

void MyPhysicsList::ConstructOP() {

G4Cerenkov* theCerenkovProcess = new G4Cerenkov("Cerenkov");

G4Scintillation* theScintillationProcess = new G4Scintillation("Scintillation");
G40pAbsorption* theAbsorptionProcess = new G40pAbsorption();

G40pRayleigh* theRayleighScatteringProcess = new G40pRayleigh();

G40pBoundaryProcess* theBoundaryProcess = new G40pBoundaryProcess();
theScintillationProcess->AddSaturation(G4LossTableManager: :Instance()->EmSaturation());

theParticlelIterator->reset();
while( (*theParticleIterator)() ) {

G4ParticleDefinition* particle = theParticleIterator->value();
G4ProcessManager* pmanager = particle->GetProcessManager();
G4String particleName = particle->GetParticleName();
if(theCerenkovProcess->IsApplicable(*particle)) {

pmanager->AddProcess (theCerenkovProcess);
pmanager->SetProcessOrdering(theCerenkovProcess, idxPostStep);
}
if(theScintillationProcess->IsApplicable(*particle)) { ..}
if(particleName == “opticalphoton”) {
pmanager->AddDiscreteProcess(theAbsorptionProcess);
pmanager->AddDiscreteProcess(theRayleighScatteringProcess);
pmanager->AddDiscreteProcess(theBoundaryProcess);



ConstructGeneral()

void MyPhysicsList::ConstructGeneral() {
G4PhyscisListHelper* ph = G4PhysicsListHelper: :GetPhysicsListHelper();
G4Decay* theDecayProcess = new G4Decay();
theParticleIterator->reset();
while( (*theParticleIterator)() ) {
G4ParticleDefinition* particle = theParticleIterator->value();
if(theDecayProcess->IsApplicable(*particle)) {
ph->RegisterProcess(theDecayProcess, particle);

...... // Add other processes



SetCuts()

void MyPhysicsList::SetCuts() {
defaultCutValue = 0.7*mm;
SetCutValue(defaultCutValue, “gamma®);
SetCutValue(defaultCutValue, “e-”);
SetCutValue(defaultCutValue, “e+”);
SetCutValue(defaultCutValue, “proton”);

// These are all the production cuts you need to set, not
// required for any other particle.



G4VModularPhysicsList — 553\

# G4VModularPhysicsList #9 4F4E
» M G4VUserPhysicsList 4k &
» AddTransportation() E] 348 7 Ae

> H 4% F B %2 H) 2 3F 49 physics constructors

PAHFRAPRLGTHPERR, o LHIE, BIE, AFIEFF

public:
MyPhysicsList();
void ConstructParticle();
void ConstructProcess();
void SetCuts();

//
//
//
//

class MyPhysicslList : public G4VModularPhysicsList {

define physics constructors
optional
optional
optional




#N{a{EAG4VModularPhysicsList?

MyPhysicsList: :MyPhysicsList() {

MyPhysicsList: :MyPhysicsList() { defaultCutValue = 0.7*mm;
defaultCutValue = 0.7*mm; emList = new G4EmLivermorePhysics();
//define hadronic processes here emExtraList = new G4EmExtraPhysics();
RegisterPhysics(new G4HadronElasticPhysics()); decaylList = new G4DecayPhysics();
//define EM processes here raddecaylList = new G4RadioactiveDecayPhysics();
RegisterPhysics(new G4EmStandardPhysics()); hadronESList = new G4HadronElasticPhysicsHP();

} hadronList = new G4HadronPhysicsQGSP_BERT_HP();
stoppinglList = new G4StoppingPhysics();

. . . . . ionList = G4IonPhysicsPHP();
void MyPhysicsList::SelectAlternativePhysics() { tontis new onPhysicsPHP();

//add a physics in the created list
AddPhysics(new G40pticalPhysics);
//remove a physics from the list

}
void MyPhysicsList::ConstructParticle() {

//Construct particles

RemovePhysics (fDecayPhysics); }
//replace a physics with another one Void MyPhysicsList::ConstructProcess() {
ReplacePhysics(new G4EmLivermorePhysics); emList->ConstructProcess();
} emExtraList->ConstructProcess();
void MyPhysicsList::SetCuts() { }
SetCutsWithDefault(); void MyPhysicsList::SetCuts() {
} SetCutsWithDefault();



GeantHZ2BIENIFAIPhysics constructors

EM physics lists:

G4EmStandardPhysics — default (ATLAS, BESIII, ...)
G4EmStandardPhysics_optionl — HEP fast but not precise (CMS)
G4EmStandardPhysics_option2 — Experimental (LHCb)
G4EmStandardPhysics_option3 — medical (most accurate standard)
G4EmStandardPhysics_option4 — standard+low (most accurate EM)
G4EmLivermorePhysics
G4EmLivermorePolarizedPhysics
G4EmPenelopePhysics
G4EmDNAPhysics

Combined Physics
Standard > 1 GeV
LowEnergy < 1 GeV

Hadronic elastic:
G4HadronElasticPhysics, ... https://geant4.kek.jp/Ixr/source/physics lists/constructors/

Hadronic inelastic:
G4HadronPhysicsQGSP_BIC, G4HadronPhysicsFTFP_Bert, ...

Decay, optical physics, EM extras, ...



https://geant4.kek.jp/lxr/source/physics_lists/constructors/

Geant4$JEFHITEIESIFR

+ ESBENIEFRIIES
> 8—MIEIFNYEIRBESAEBEIENEIENEAS
> F TR R eI LATEX BB El

geant4/source/physics_lists/lists/include

% XL TaIFaIIEsIRAR, B—LRREGeant4HEF(ERAY (“reference”
physics lists)

> IXEYIR%| R EPLEIT R UF B 4EFPFONit
> LB RITES NS IBSCIE R (E B (BESIIL, ATLAS, CMS, ...)

% WHMAIEA?
> SEB1f5l5, exampleBl.cc
runManager->SetUserInitialization(new QBBC);

https://geantd.kek.jp/Ixr/source/physics lists/lists/



https://geant4.kek.jp/lxr/source/physics_lists/lists/

S SISERIETIR

% Geant4—HBESNMFTBIFAYIIETIZR
» FTFP_BERT
> QBBC
> QGSP_BERT https://geant4-
> QGSP_BIC
» Shielding

% RFIIiEan 2N
» QGS = Quark Gluon String model (>~20 GeV)
» FTF - Fritiof string model (>~5 GeV)
» BIC - Binary Cascade ( <~10 GeV)
» BERT - Bertini-style cascade (<~10 GeV)
»> HP -> High Precision neutron model ( <20 MeV)
» P =2 G4Precompund model used for de-excitation

% EMIZiEEdRES
» No suffix: standard physics
» EMV suffix: older but faster EM processes
» Other suffixes for other EM options

userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/index.html



s i=F FARYIREL

CHIPS
At rest
Absorption CHIPS (gamma)

I
High precision neutron

Evaporation :

Fermi breakup Pre- FTF String (up to 20 TeV)
- compound .

Multifragment QG String (up to 100 TeV)

Photon Evap Binary cascade

Rad. Decay Bertini cascade
Fission
LE pp, pr | HEP (upto15Tev) |

1 MeV 10MeV 100 MeV  1GeV 10GeV  100GeV 1TeV



ZS#G4 validationfJ4&E R

* IIEFEPIRNIRNZEE:
> YR EEE
> iTETEEE

% WASEWNIRITIE, Geant4EPIRIE 1 validationBIZER
> Xe—MFEAIRE, HERSFITER.

% RIS R SR AT LATE FHEAYERIEE]

https://geant-val.cern.ch/



https://geant4.web.cern.ch/publications_validations/testing_and_validation

Geant4FA{EFHROOT

% (ZICMakeLists.txt¥A%, HIMNMTHEHAR:
> {ESB209TRIE, ERO0:
find package(ROOT REQUIRED)
include(${ROOT_USE_FILE})

> HEEROOTEN Y

target link libraries(exampleB1 ${Geant4 LIBRARIES} ${ROOT _ LIBRARIES})



