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Background

The muon is an important particle in particle physics experiments

Geant4 at present has four muon processes; e+e- pair production, 
ionization, bremsstrahlung and muon-nucleus interactions

At high energies, the cross section for μ+μ- production is no 
longer negligible

With the high energies of the LHC and the FCC, there is a need to 
include the process in simulations



Theory of muon pair production

The most important aspect 
of the theory is the cross-
section formula

Kelner, Kokoulin and 
Petrukhin computed in 
their 2000 paper a cross 
section formula that 
considered the finite 
nuclear size as well as the 
screening effect 



Evaluation of cross-section

The cross-section formula mentioned in the previous 
slide is the second-derivative of the cross-section 
𝑑!𝜎(𝐸, 𝑣, 𝜌)

What we need, however, is the value of the cross-section 
itself – this can be obtained by numerically integrating 
𝑑!𝜎(𝐸, 𝑣, 𝜌) in the kinematic region mentioned in the 
paper

To do this, we follow a process like what is mentioned in 
the Physics Reference Manual for electron-positron pair 
production – we integrate over 𝜌 followed by 𝑣.



Implementation

The class G4MuPairProduction(Model) was 
used as the base class for our new classes 
G4MuonToMuon-PairProduction(Model). 

Two methods were overridden; ComputeD-
MicroscopicCrossSection and Sample-
Secondaries

G4MuPairProduction
Model G4MuPairProduction

G4MuonToMuonPair-
ProductionModel

G4MuonToMuonPair-
Production



Implementation

The method which dictates the final value of 
any of the quantities calculated (dE/dx, 
MuPairLoss, cross section) is 
ComputeDMicroscopicCrossSection

We use the formulae and kinematic region 
mentioned in earlier along with a weighted 8-
point Simpson integral identical to the one 
used in the original electron-positron pair 
production



Changes to Geant4 example TestEm17

Since we added a new muon process, appropriate changes had 
to be made to TestEm17 which is an example focusing on muons

The local physics list PhysListEmStandard was modified to 
include the new process

MuCrossSections was modified to calculate the differential cross 
section of the new process

RunAction was modified to account for the new process and 
also generate some new histograms

HistoManager was modified so that we could accommodate the 
new process and the new histograms from RunAction



Results



Energy transfer to lepton pair



Cross section of muon processes



Conclusion

The process was successfully implemented in Geant4

It will be available in the next public release of Geant4
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