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• What are the maximum number of protons and 

neutrons a nucleus can attain? 

• Where exactly is the island of stability ?

Identification of superheavy nuclei by detecting their X rays

Few atoms/s

Few atoms/week

Produced in Fusion-evaporation reactions
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Kα2, Kα1, Kβ Xrays

Geant4 can be used to interpret data

M1E1



Another example

Consistency of the decay scheme

Simulation 
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This work: 
✓ Using data from Z = 90 to Z = 100, 

extrapolated Auger and Fluorescence 
data up to Rf 

✓  Modify Geant4 source code: change 
the atomic number limits in the 
relevant classes, addition of atomic 
shell data, electron binding energies 
and so on.
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Extrapolation of Auger Data



Extrapolation of Auger Data

E = BEinitial − BEfinal1 − BEfinal2



Comparison with the values given in the 
Table of Isotopes 

Z=104

Fluorescence probabilities for a K-shell vacancy in Rf

R.B. Firestone et. al. Table of Isotopes. John Wiley and Sons, New York, 8th edition, 1996.

ΔP = Extrapolated − ToI



Auger probabilities for a K-shell vacancy in Rf

Comparison with the values given in the 
Table of Isotopes 

Z=104
ΔP = Extrapolated − ToI



Auger probabilities for a K-shell vacancy in Fm
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Auger probabilities for a K-shell vacancy in Fm

In Geant4 
 Auger = Auger + Coster-Kronig

Comparison with the values given in the 
Table of Isotopes 

Z=100
ΔP = Geant4 − ToI

Geant4 Data    



Data Addition 
• binding energy information form ToI in G4EMLOW/flour(_Bearden)/binding.dat


• Fluorescence data in G4EMLOW/flour/ and flour_Bearden/


fl-tr-pr-101.dat


fl-tr-pr-102.dat


fl-tr-pr-103.dat


fl-tr-pr-104.dat


• Auger data in G4EMLOW/auger/


au-tr-pr-101.dat


au-tr-pr-102.dat


au-tr-pr-103.dat


au-tr-pr-104.dat



Modifications in the source 
code

G4ECDecay.cc 
G4DecayProducts* G4ECDecay::DecayIt(G4double)
{.. 
.. 
..  
if (applyARM) {
    if (atomDeex) {
      G4int aZ = G4MT_daughters[0]->GetAtomicNumber();
      G4int nShells = G4AtomicShells::GetNumberOfShells(aZ);
      if (shellIndex >= nShells) shellIndex = nShells;
      G4AtomicShellEnumerator as = G4AtomicShellEnumerator(shellIndex);
      const G4AtomicShell* shell = atomDeex->GetAtomicShell(aZ, as);
      eBind = shell->BindingEnergy(); 
      if (atomDeex->IsFluoActive() && aZ > 5 && aZ < 105) { 

G4ITDecay.cc 
G4DecayProducts* G4ITDecay::DecayIt(G4double)
{.. 
.. 
..
    if (applyARM) {
      G4int shellIndex = photonEvaporation->GetVacantShellNumber();
      if (shellIndex > -1) {
        G4VAtomDeexcitation* atomDeex =
          G4LossTableManager::Instance()->AtomDeexcitation();
        if (atomDeex->IsFluoActive() && parentZ > 5 && parentZ < 105) {

http://G4ECDecay.cc
http://G4ITDecay.cc


G4ShellData.hh  
G4ShellData(G4int minZ = 1, G4int maxZ = 104, G4bool isOccupancy = false); 

G4AtomicTransitionManager.cc 
G4AtomicTransitionManager::G4AtomicTransitionManager()
 : augerData(0),
   zMin(1), 
   zMax(104),
   infTableLimit(6),
   supTableLimit(104),
   isInitialized(false),
   verboseLevel(0)

G4AugerData.cc 
G4AugerData::G4AugerData()
{

  G4int n = 0;
  G4int pos = 0;

    for (pos = 0 ; pos < 105; pos++)
      {
 numberOfVacancies.push_back(n);
      }

  BuildAugerTransitionTable(); 

} 
void G4AugerData::BuildAugerTransitionTable()
{ 
for (G4int element = 6; element < 105; element++)
    { 
     augerTransitionTable.insert(trans_Table::value_type(element,LoadData(element)));

Modifications in the source 
code

http://G4AtomicTransitionManager.cc
http://G4AugerData.cc


G4UAtomicDeexcitation.cc 
void G4UAtomicDeexcitation::GenerateParticles(
        std::vector<G4DynamicParticle*>* vectorOfParticles,  
        const G4AtomicShell* atomicShell, 
        G4int Z,
        G4double gammaCut,
        G4double eCut)
{.. 
 // let's check that 5<Z<100

  if (Z>5 && Z<105) { 
.. 
.. 
if (IsAugerCascadeActive())
{
//----------------------

  vacancyArray.push_back(givenShellId);

  // let's check that 5<Z<100
  if (Z<6 || Z>104){
    //G4Exception("G4UAtomicDeexcitation::GenerateParticles()","de0001",JustWarning, "Energy 
deposited locally");
      return;
  }

Modifications in the source 
code

http://G4UAtomicDeexcitation.cc


G4GammaTransition.cc 
G4Fragment* 
G4GammaTransition::SampleTransition(G4Fragment* nucleus,
        G4double newExcEnergy,
        G4double mpRatio,
        G4int  JP1,
        G4int  JP2,
        G4int  MP,
        G4int  shell,
        G4bool isDiscrete,
        G4bool isGamma)
{
  G4Fragment* result = nullptr;
  G4double bond_energy = 0.0;

  if (!isGamma) { 
    if(0 <= shell) {
      G4int Z = nucleus->GetZ_asInt();
      if(Z <= 104) {

Modifications in the source 
code

http://G4GammaTransition.cc


G4AtomicShells.hh 
static const G4int    fNumberOfShells[105];
static const G4int    fIndexOfShells[105];
static const G4int    fNumberOfElectrons[1650];
static const G4double fBindingEnergies[1650]; 

G4AtomicShells.cc 
G4AtomicShells::fNumberOfShells[105]{ 
.. 
.. 
27, 27 , 28 , 28                                     // 101 - 104 
} 
const G4int    
G4AtomicShells::fIndexOfShells[105] =
  { 
.. 
1540, 1567, 1594, 1622 
} 
const G4double G4AtomicShells::fBindingEnergies[1650] =
{ 
.. 
// Md ---------------------------------------------------------------//satrt 1540
    146526.0 , 28387.0 , 27438.0 , 21356.0 , 7440.0 , 7001.0 , 5552.0 , 4889.0 ,
      4615.0 ,  2024.0 ,  1816.0 ,  1424.0 , 1105.0 , 1034.0 ,  618.0 ,  597.0 ,
       471.0 ,   389.0 ,   272.0 ,   154.0 ,  137.0 ,   12.9 ,   10.5 ,   61.0 ,
        37.0 ,    17.0 ,     5.9 ,
    // No ----------------------------------------------------------------//1567
    149208.0 , 29221.0 , 28255.0 , 21851.0 , 7678.0 , 7231.0 , 5702.0 , 5028.0 ,
      4741.0 ,  2097.0 ,  1885.0 ,  1469.0 , 1145.0 , 1070.0 ,  645.0 ,  624.0 ,
       490.0 ,   406.0 ,   280.0 ,   161.0 ,  142.0 ,   13.6 ,   11.1 ,   63.0 ,
        38.0 ,    18.0 ,     6.0 ,
    // Lr -----------------------------------------------------------------//1594
    152970.0 , 30083.0 , 29103.0 , 22359.0 , 7930.0 , 7474.0 , 5860.0 , 5176.0 ,
      4876.0 ,  2180.0 ,  1963.0 ,  1523.0 , 1192.0 , 1112.0 ,  680.0 ,  658.0 ,
       516.0 ,   429.0 ,   296.0 ,   174.0 ,  154.0 ,   19.9 ,   17.0 ,   71.0 ,
        44.0 ,    21.0 ,     3.9 ,     6.9 ,
    // Rf -------------------------------------------------------------------//1622
    156288.0 , 30881.0 , 29986.0 , 22907.0 , 8161.0 , 7738.0 , 6009.0 , 5336.0 ,
      5014.0 ,  2237.0 ,  2035.0 ,  1554.0 , 1233.0 , 1149.0 ,  725.0 ,  701.0 ,
       535.0 ,   448.0 ,   319.0 ,   190.0 ,  171.0 ,   26.0 ,   22.8 ,   82.0 ,
        55.0 ,    33.0 ,     5.0 ,     7.5 
} 

const G4int G4AtomicShells::fNumberOfElectrons[1650] =
{ 
//  Md ---------------------------------------------------------------
  2, 2, 2, 4, 2, 2, 4, 4, 6, 2, 2, 4, 4, 6, 6, 8, 2, 2, 4, 4, 6, 6, 7, 2, 2, 4, 2, //=101
  //  No ---------------------------------------------------------------
  2, 2, 2, 4, 2, 2, 4, 4, 6, 2, 2, 4, 4, 6, 6, 8, 2, 2, 4, 4, 6, 6, 8, 2, 2, 4, 2, //=102
  //  Lr ---------------------------------------------------------------
  2, 2, 2, 4, 2, 2, 4, 4, 6, 2, 2, 4, 4, 6, 6, 8, 2, 2, 4, 4, 6, 6, 8, 2, 2, 4, 1, 2, //=103
  //  Rf ---------------------------------------------------------------
  2, 2, 2, 4, 2, 2, 4, 4, 6, 2, 2, 4, 4, 6, 6, 8, 2, 2, 4, 4, 6, 6, 8, 2, 2, 4, 2, 2 //=104 
} 

G4int G4AtomicShells::GetNumberOfElectrons(G4int Z, G4int ShellNb), G4double G4AtomicShells::GetTotalBindingEnergy(G4int Z) 
if(Z<0 || Z>104)

Modifications in the source 
code

Electron Binding energy from Table of Isotopes 8th 

Electron Configuration from CRC Handbook of Chemestry and Physics 8th Ed

http://G4AtomicShells.cc


EM classes that do (not) 
work after modifications



EM classes that do (not) 
work after modifications

Build your own EM Physics list



J. Rissanen et al., Phys. Rev C 88, 044313 (2013)

Geant4 simulations of the isomer decay observed in Dubna confirm the Berkeley 
decay scheme.

Test of the modified code
π2(1/2−[521] ⊗ 9/2+[624])5− ⊗ ν11/2−[725]



J. Rissanen et al., Phys. Rev C 88, 044313 (2013)

Geant4 simulations of the isomer decay observed in Dubna confirm the Berkeley 
decay scheme.

Test of the modified code

Excess L X rays
new isomer observed in Dubna
K. Hauschild et al. to be published

< 5 𝛍s 

π2(1/2−[521] ⊗ 9/2+[624])5− ⊗ ν11/2−[725]



Geant4 Simulation of 
isomeric decays in 255Rf
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Conclusions and outlook
• Geant4 is very useful in analysing 

data 


• Extrapolated Auger and 
Fluorescence data and made some 
modifications in the source code


• Modified code tested against 
experimental data 


• Use JAC to calculate the atomic 
properties for superheavy elements


• Extend the code for Z > 104
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attention 
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Position distribution of the 
sources



Radioactive decays in 
Geant4


