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Radioactive module in Geant4

3

Mother

Daughter

G4NuclearDecay
• β-,β+, ⍺
• e- capture K,L, M, + N
• p,n emission
• discrete β- n delayed

G4PhotoEvaporation
• Gamma transition
• Internal conversion

Excited 
Daughter

G4AtomicRelaxation
• Xrays emission
• Auger emission

Two simulation modes
• Analog
• Biased
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Correction of biased mode of

G4RadioactiveDecay
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Dennis wright

• GEANT4 biasing mode capability:

• Compute radioactive decay products and activity of isotopes in user defined 
time window

• Convolution of MC results with time beam profile 
• Solving of Bateman equations     

• Issue in computation of weight

• Issue with weight correction factor   1 − exp 𝑥 (𝑥 𝑠𝑚𝑎𝑙𝑙)
• Accumulation of weight errors give negative weights
• Correction by using more precise exponential computation  expm1 C++11 

function



Validation of biased mode of

G4RadioactiveDecay
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After correction



Validation biasing mode of

G4RadioactiveDecay 137Cs
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Improvment of electron capture

L. Desorgher
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Extension of   G4ECapture to the N Shell 

# 125I ( 59.400 D )
# Excitation flag Halflife Mode Daughter Ex flag Intensity Q
P 0 - 5132765

MshellEC 0 0.0349
KshellEC 0 0.8011
LshellEC 0 0.1561
NshellEC 0 0.0079 
MshellEC 35.4925 - 3.49 150.2775
KshellEC 35.4925 - 80.11 150.2775
LshellEC 35.4925 - 15.61 150.2775
NshellEC 35.4925 - 0.079 150.2775

P 2350.52 - 1.6e-09
IT 0 1



Improvment of electron capture
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• Improve the probability of partial probability of capture from subshell
• Probability to L3,M3,N3 and above is 0
• Valid for allowed transition
• PL2/PL1 PM2/PM1 and PN2/PN1 taken from Bambynek et al. 1971



Minor updates of the databases
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RadioactiveDecay5.3
Few nuclei corrected PhotoEvaporation 5.3

Few nuclei corrected

G4ENSDFSTATE2.2
No changes



Validation work
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• Analyse of all secondaries in function of decay type 
β, ⍺, γ, INC e-, Xrays, Auger

• Add decay mode as model index to the secondary

• Comparison against: 
• Decay Data Evaluation Project (DDEP)
• Nudat2 if no data in DDEP
• Code Beta shape for the β  electron spectrum (X. Mougeot @ CEA)



DDEP Table 55Fe
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Comparison Geant4 and DDEP data for 
55Fe



Comparison Geant4 and DDEP data for 
55Fe

Emission type Geant4 
AtomicRelax
default %

Geant4 
AtomicRelax
modified %

DEEP %

Xrays K𝛼1 15.93 16.57 16.57

Xrays K𝛼2 8.12 8.46 8.45

Xrays K𝛽 2.89 3.4 3.4

Xrays L 0.65 0.527 0.524

Auger K 61.59 60.1 60.1

Auger L 143.17 141.6 140.2

Need to change atomic relaxation data in GEANT4
to have same emission probability than in DDEP



Comparison Geant4 and DDEP data for 
54Mn

Emission type Geant4 
modified %

DEEP %

𝛾 834.848 keV 99.977 99.975

Xrays K𝛼1 15.04 15.02

Xrays K𝛼2 7.63 7.65

Xrays K𝛽 3.03 3.05

Xrays L 0.65 0.65

Auger K 63.3 63.3

Auger L 144.6 143

IC e- K 0.021 0.022

IC e- L 0.0015 0.002



Validation beta spectrum

161Tb electron spectrum



214Bi vs Nudat2  



G4RadioactiveDecay Status and Plan 
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GEANT4.10.5 

• RDM biasing improvements D. Wright 

• Improvments Electron Capture   L. Desorgher

• Maintenance of the RDM & PhotoEvaporation data-sets  L. Desorgher

• Declare Radecay Mode as Creator Model Index to secondary Track

FUTURE

• Beta-delayed neutron emission, Super Heavy Elements  L. Sarmiento 

• Publication  

• Validation plots  D. Wright, L.Desorgher

• Continue validation of electron spectrum 


