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iF (scintillationByParticleType) {
/f The scintillation response is a function of the energy . . . .
// deposited by particle types. SCIntI”atIOI’] Y|e|d

// Get the definition of the current particle (El O-I I:Il-E|- EI‘EX' l:Il_l- OEI Iﬂ-&li o= NULL === fa|Se)

G4ParticleDefinition #*pDef = aParticle-»GetDefinition();
G4MaterialPropertyVector *Scint Yield Vector = MWULL;

[
// Obtain the G4MaterialPropertyVectory containing the
/f scintillation light yield as a function of the deposited
// energy for the current particle type
// Protons

L#{poef-Gupraton: sProtomDefinttion()) Scintillation by incident particle in Geant4

= aMaterialPropertiesTable-»
GetProperty("PROTOMSCINTILLATIONYIELD");

// Deuterons M
else if(pDef==G4Deuteron::DeuteronDefinition{)) Pa rtICIe type

Scint_Yield_Vector = aMaterialPropertiesTable->

GetProperty( "DEUTERONSCINTILLATIONYIELD"); . Alpha particle .
. €4 endl;

J/ Tritons G45tring comments = "Missing MaterialPropertiesTable entry - Mo correct entry in MaterialPropertiesTable;

else if(pDef==G4Triton::TritonDefinition()) G4Exception("G45cintillation: : PostStepDoIt™, "Scint@l”,
Scint_Yield Vector = aMaterialPropertiesTable-» FatalException,ed, comments);
GetProperty("TRITOMSCINTILLATIONYIELD™); return G4VRestDiscreteProcess::PostStepDolt(aTrack, aStep);
¥
{/f Alphas
else if(pDef==G4Alpha::AlphaDefinition()) if {verboselLevel»1) {
Scint_Yield_Vector = aMaterialPropertiesTable-» Gdcout << "\n" . ]
GetProperty ("ALPHASCINTILLATIONYIELD™); <¢ "Particle = " << pDef-»GetParticlelame() << "‘n"
- << "Energy Dep. = " << TotalEnergyDeposit/MeV << "\n"
/f Ions (particles derived from G4VIon and G4Ions) <¢ "Yield =
/f and recoil ions below tracking cut from neutrons after hElastic €¢ Scint_Yield Vector-»Value(TotalEnergyDeposit)
else if(pDef-»GetParticleType()== "nucleus" || << "\n" << G4endl;
pDef==G4Neutron: : NeutronDefinition()} H
Scint_Yield_Vector = aMaterialPropertiesTable->
GetProperty("IONSCINTILLATIONYIELD"); . O_I -+ // Obtain the scintillation yield using the total energy
7ﬁ|-7—||-9- pa rt|C|e l: o /f deposited by the particle in this step.

// Electrons (must also account for shell-binding energy 5 5 . .
/f attributed to gamma from standard PhotoElectricEffect) SClntl”atlon yleldjl' Xl g /f Units: [# scintillation photons]

else if(pDef==G4Electron::ElectronDefinition() || ScintillationYield = Scint_Yield_Vector-»

pDef==G4Gamma: : GammaDefinition()) El xl ?’c‘; 9)\' I:I' E electron 0‘” Value(TotalEnergyDeposit);
Scint_Yield Vector = aMaterialPropertiesTable-» o . . -’ . else {
= e P el 1 . s . . ~
e M2 scintillation yield2f Tl e i T
// Default for particles not enumerateds/listed above OE OEI '6'_7-” -jlsl :LI:I E| GetConstProperty("SCINTILLATIONYIELD™);
else =
Scint_¥Yield_Vector = aMaterialPropertiezTable-» /f Units: [# scintillation photons / MeV]
GetProperty("ELECTRONSCINTILLATIONYIELD"); ScintillationYield *= YieldFactor;
h
// If the user has not specified yields for (p,d,t,a,carbon)
// then these unspecified particles will default to the G4double ResolutionScale = gMaterialPropertiesTable->
/f electron®s scintillation yield GetConstProperty("RESOLUTIONSCALE™);

if(!scint_Yield_ Vector){
Scint_Yield_Vector = aMaterialPropertiesTable-»
GetProperty("ELECTRONSCINTILLATIONYIELD");

} Scintillation yield7} &°3 &0 UX| CHH 0| X 2|7} E7s0t7|
% Gscintvietavector) (e =0l returnO| OfL|2} throwE MA Z2a# S EdS 2(0|

G4ExceptionDescription ed;
ed << "\nG4S5cintillation::PostStepDolt(): " 2
<< "Reguest for scintillation yield for energy deposit and particle type without correct entry in MaterialPropertiesTablein"
<< "ScintillationByParticleType requires at minimum that ELECTRONSCINTILLATIONYIELD is set by the user\n"




Geant4 Code Review

Scintillator photons in Geant4

A=
T =2

M photon?| =7} 10ECt 3 Gaussian

distribution2 £ ZFO{TIC} O] M|, gaussian?|

AR S} = HiH

Scintillation photon2] ~ >

sigma @£ resolution scale * scintillation
photon?2| 2| sqrt 4{= O|&TtLC.

H photon8| =7 10ELC} 22 ™ Poisson

distribution2 2 F0{ XIC}.

G4int MumPhotons;
1f (MeanNumberOfPhotons > 18.)

Gddouble sipma = ResolutionScale * std::sgri(MeaniumberdfPhotons);
HumPhotons = G4int(G4RandGauss: :shoot{MeanlumberOfPhotons,sigma)+@
T

) NumPhotons =

h

G4int (G4Poisson(MeanlumberOfPhotons));

if (NumPhotons <= @)
Jf return unchanged particle and no secondaries
gParticleChange. SetlumberdfSecondaries (@) ;

~eturn GAVRestDiscreteProcess: :PostStepDolt(alrack, astep);

-5);

gParticleChange.SetNumberdfSecondaries (NumPhotons);
it (fTrackSecondariesFirst) {

if (aTrack.GetTrackStatus() == fAlive )
aParticleChange.ProposeTrackstatus(fsuspend);

G4int materiallndex = aMaterial-»GetIndex();




/f Birks law saturation:

Geant4 Code Review

//G4double constBirks =

2.8;

/fconstBirks = aMaterial-»GetIonisation()-»GetBirksConstant();

G4double MeanMNumberdfPhotons;

Saturation(Quenching) in Geant4 /] gir= e

if (scintillaticnByParticleType)

type are phys

// Birk's correction via emSaturation and specifying scintillation by
ically mutwally exclusive

emSaturation0| ™ 9|

protected:

void BuildThePhysicsTable();
/f It builds either the fast or slow scintillation integral table;
/f or both.

/f Class Data Members

G4PhysicsTable* theSlowIntegralTable;
G4Phy=sicsTable* theFastIntegralTable;

G4bool fTrackSecondariesFirst;
G4bool fFiniteRiszeTime;

Saturationl| 8%
(Ch= lL1|0|7(|01| Xf

_EZIMN

G4double YieldFactor;

G4double ExcitationRatio;

G4bool scintillationByParticleType;
private:

Gddouble single exp(Gddouble t, Gddouble
G4double bi_sxp{Gddouble t, G4double t

u2l;
,» G4double taul);

here is & finite rise time
, Gddouble taul);

/f emission time distribution when
Gddouble sample_time({G4double ta

G4EmSaturation® emSaturation: C++0"A-| Constructor7f 7(o-igljl' Elo'l 9}'\% g_cl)_,
if 20l SO{7HH true2 7t
ConstructorF NULLS 2 H o| EO] QALE XCY

2 ™ol £| UK 42 42,
falsez ¢

if =20 E‘HWE

HeanNumberﬂfPhotnns
lze if (emSaturation)
umberdfPhotons =

emSaturation-»>VisibleEner

MeanNumberdfPhotons A~ ScintillationYield*TotalEnergyDeposit;

G4Em Saturation:: G4Em Saturation [ }

Definition at line 58 of file G4AEm Saturation.

20874 }

ScintillationYield*

I— e
=x| 2ol

verbose = 1;

manager = 8;

curMaterial = 8;

curBirks = 9.a;

curRatio =1.8;

curCharge5g = 1.8;

nMaterials = @;

electron = @;

proton = @;

nist = G4NistManager::Instance();

Initialise();



G4double GAEm Saturation::VisibleEnergyDeposition ( const G4ParticleDefinition *

eant4 Code Review

Saturation(Quenching) in Geant4

const G4MaterialCutsCouple * ,

G4double length,

G4double edepTotal,

G4double edepNIEL = 8.8
)

Definition at line 83 of file GAEm Saturation.cc.

References G4MaterialCutsCouple::GetMaterial(), G4ParticleDefinition::GetPDGEncoding(),
G4lLossTableManager::GetRange(), and G4Proton::Proton().

Evis = energy deposit per step

Referenced by G45cintillation::PostStepDolt(), and VisibleEnergyDeposition().

- 1 ! aeess {
Bfactor = Birks' constant S e et o
22891
G4double evis = edep;
@e893 | G4double bfactor = FindBirksCoefficient(couple-»GetMaterial());
aea94
. . ' @8ess  if(bfactor > 8.8) {
Correct evis by Birks' law for gamma ray 00096 _ |
aees7 G4int pdgCode = p->GetPDGEncoding();
—_ 28893 [/ atomic relaxations for gamma incident
(pdg code 22 = gamma) {Lstonic relonatic
ae1e6 evis /= (1.8 + bfactor*edep/manager->GetRange(electron,edep,couple)});
2glel
ae1e2 /7 energy loss
ae1es T else {
2e1ad
— M P M 28185 // protections
Nloss = non-ionizing energy loss(niel) e T
. . . . if{nloss < ©.8@) nloss = @.8;
Eloss = ionizing energy = energy deposit - NIEL @010 | Gidousle closs = edep - nmioss;
ael1es
ee11e /7 neutrons
88111 1f(2112 == pdgCode || eloss < 2.8 || length <= 8.8) {
28112 nloss = edep; / Neutron
ae113 eloss = 9.8;
.. 28114 ¥
Correct lonizing Energy se115
. ’ // continues energy loss
(by B|rks IaW) ggﬂ; if{eloss » 8.8) { eloss /= (1.8 + bfactor*eloss/length); }
a8119 // non-ionizing energy loss
ae126 if{nloss » ©.@) {
@8121 if(!proton) { proton = GAProton::Proton{); }
H o ag122 G4double escaled = nloss*curRatio;
NOn |On|Z|ng energy |0557|' G4double range = manager->GetRange(proten,escaled,couple)/curChargesqg;
. . . 7 -4 L 28124 nloss /= (1.8 + bfactor®*nloss/range);
scintillation processOfl 7|0 5}= wous |
1 8127 evis = eloss + nloss;
energy correction o128 3
pe129 1}
ae13e
. return evis;
Return corrected evis 00132 )



Non-ionizing Energy Loss(NIEL)

Incoming Particle
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Conclusion

« Geant40ll= Birks' law2| Saturation(Quenching) Effect”t Z8HE|0f QUL

- Scintillation ProcessE &' A|7|= energy depositOl|= ionzing energy
depositlt non-ionizing energy deposit & 7H| S&F7F 1, B5F
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G4EmSaturation =
FindBirksCoefficient €=2| Source Code

Geant4 Code Review
Mass fraction for calculating energy loss

// compute mean mass ratio
curRatio = @.8;
curChargesSq = @.8;
G4double norm = B.8;
const G4ElementVector® theElementVector = mat-»GetElementVector();
const G4double#® theAtomMumDensityVector = mat->GetVecHbOfAtomsPerVolume();
. gize_t nelm = mat-»GetNumberOfElements():
Z = Atomlc Number for (size_t i1=8; i<nelm; ++1i) {
. . const G4Element® elm = (*theElementVector)[i];
W = ZA2 * atomic denSIty(: the ¥~ [ G3double Z = elm->GetZ();

. Gddouble w = Z*I*¥theAtomMumDensityVWector[i]:
ﬂumber Of atOm per Unlt VO|Ume) curRatio += w/nist->GetAtomicMassimu(Gdint(Z));
curChargesSqg = Z¥Z%w;
norm += wW;

1
curRatio #*= proton_mass_c2/norm;
curChargesq /= norm;

ff store results
matPointers.push_back({mat):
mathames. push_back({name);
massFactors.push_back({curRatio);
effCharges.push_back{curChargesqg);
nMaterials++;
if{curBirks » 9.8 &8 verbose > @) {
Gdcout << "f## G4EmSaturation::FindBirksCoefficient Birks coefficient for "
<< name << " " << curBirks*MeV/mm << " mm/MeV" << Gdendl;

return curBirks;



