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Outline 
• Standard and high energy 

• Low energy

• DNA (really low energy)
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EM Model Development (1/5)  
• Multiple scattering

• GoudsmitSaunderson e+/e- multiple scattering code cleaned up 
and optimized

• Urban model: new parameterization for lateral displacement 
sampling

• Mott corrections included in WentzelVI and Goudsmit-
Saunderson MS
• Mott differential cross section (dcs) is more precise 
• for speed we sample from screened Rutherford dcs
• then apply ratio of (unscreened Rutherford dcs)/(Mott dcs) as a 

rejection function
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EM Model Development (2/5)  
• Bremsstrahlung

• reviewed and optimized sampling algorithm (now faster)

• Gamma conversion
• reviewed and optimized sampling algorithm (now faster) 

• angular generators -> improved e+/e- final state angles
• new 5D model: Bethe-Heitler pair production cross section 

sampled in 5 variables (q+ , q- , f+ , f- , x+)

• Optical photons
• substantial speedup of optical photon transport
• G4RealSurface-2.1: expanded database for optical surfaces
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EM Model Development (3/5)  
• Triplet production (gamma conversion near atomic electron) 

now possible for low energy models:
• G4LivermoreNuclearGammaConversionModel
• G4BoldyshevTripletModel

• Updated EM low energy database
• G4EMLOW-7.3 required as of Geant4 10.4

• Extended coverage of shell ionization models
• K, L and M shell form factors improved 
• covers 5 < Z < 93
• also for PIXE (incident p, a)
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EM Model Development (4/5)
(new models, work in progress)  

• Gamma processes 
• 3-gamma annihilation (e+ e- à g g g )

• rare but useful in PET (non-colinear gammas)
• more likely at very high energies

• Implementation of ICRU90 stopping power data 
• up to now Geant4 used mostly ICRU73 standard at lower 

energies 
• ICRU90 has accurate data for a limited number of materials
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EM Model Development (5/5)
(new models, work in progress)  

• G4LinhardSorensenIonModel 
• nuclear size correction to stopping power
• important at high energies

• G4AtimaEnergyLossModel and G4AtimaFluctuations
• precise energy loss of heavy ions in materials 
• uses approach of ATIMA program for stopping power

• Above 4 models released for first time in Geant4 10.5 
• maybe not completely ready for production
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Going Forward in HEP 

• High energy/high luminosity at LHC (Run3)
• need more statistics 
• current EM physics modeling uncertainties may contribute to 

systematic uncertainty of physics observables

• rare EM processes (order % and below) may create non-standard 
event patterns

• FCC (Future Circular Collider)  
• EM simulation up to 100 TeV required 
• LPM suppression for gamma conversion and bremsstrahlung
• EM processes for interaction region

• nuclear recoil effects
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Current Priorities in HEP 

• Review/update all models to state of the art
• Extensions of existing models to deal with next-to-leading 

order for cross sections
• Add sampling of second-order final states  

• additional recoiling atomic electrons
• extra gammas or e+/e- pairs
• more recoil nuclei

• Speeding up the code  (for hadronics, too) 
• more physical detail à slower code
• higher luminosity à many more statistics required 
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Full Auger Cascade Added 
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Atomic De-excitation Cascade in GNPs 
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• g and e- energy 
spectra from 100 
keV gs on GNP 
(gold nano-
particles)

• NIM B 372, 91 
(2016).



Atomic Deexcitation 
• New experiment-derived electron binding energies 

• whenever possible, BEs taken from LBL (XDB) X-Ray Data Booklet
• all others from theory

• up to Z = 120
• this version is still optional – old (all theory) version still the 

default

• Auger emission and fluorescence are switched off by default
• too time-consuming
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Recommended Geant4-DNA Constructors 
and Examples for Liquid Water
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Summary 
• Standard EM code has been updated and optimized

– expect significant CPU improvement (up to 20%) 

• Precision of low energy EM has been improved 
– new models added as well 

• Geant4-DNA continues to be expanded and used in many 
different application areas 
– GPU version being worked on
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