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Purpose: The purpose of this study is to validate the independent reaction time (IRT) method 

implemented in Geant4-DNA Monte Carlo track structure (MCTS) toolkit by comparing with the 

step-by-step (SBS) method. In addition, the influences of the time step on the water radiolysis and 

the DNA damage simulations are evaluated. 

 

Materials and Methods: The G-values are calculated with “chem6” water radiolysis example 

available in Geant4-DNA using IRT method. The results of IRT method are validated by comparing 

with SBS results as a reference. In order to evaluate the sampling distortion of DNA damage 

induced by sparse time steps, the indirect DNA damage in a simplified DNA geometry called 

“cylinders” geometry is assessed according to the time step of IRT. The “cylinders” geometry 

typically used for verification study in the other research groups is a spherical water phantom of 3 

um radius filled with 200,000 cylindrical chromosomes composed of 216 base pair (total 43.2 

Mbp). 

 

Results: The calculation efficiency of water radiolysis simulation using IRT method improves about 

1,000 times at 1 MeV electrons compared to the SBS method. The G-values as a function of time 

show almost comparable to the SBS results, even though small disagreement up to 5% due to the 

different sampling method. The disagreements increase with sparse time step, and the optimal 

stepping method and time step of 0.5 ns are figured out with the DNA damage simulations. 

 

Conclusions: In this study, the IRT method of Geant4-DNA is fully validated and optimal time step 

is figured out. The IRT method and the validation results can be used for the other radiochemical 

studies. In further, a radiochemical study about the high dose rate irradiation and the oxygen 

depletion will be carried out based on this preliminary study. 
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