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Helium ion therapy
• Growing interest in helium ion therapy in recent years

– Patients treated at GSI
• Presents middle ground between proton and carbon ion therapy
• Monte Carlo becoming more widely used in medical physics including treatment 

dose planning verification
• Critical to know the behaviour of models used for medical physics applications

– This study presents the validation of Geant4 for helium ion therapy in terms of it 
fragment production and distributions (angular and energy)
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Comparison to experimental data 3

Publication Beam energy 
(MeV/u)

Target Measurement Bragg peak 
position (mm)

Angular 
acceptance

Rovituso et al. 
2017, PMB

120/220 Water Fragment build up curve, 
angular and energy 
distributions

104/260 38, 1.79, 1.79

Arico et al.
2017, PMB

220.5 Water/
PMMA

Fragment build up curve 308 3.4

Marafini et al.
2017, PMB

102/125/145 PMMA Angular and energy 
distributions

81/115/150 1.15, 1.15

• Comparisons performed using version 11.00 of Geant4
• Evaluated the following hadronic models:

– BIC
– QMD
– INCL

Rovituso et al. 2017, PMB Arico et al. 2017, PMB Marafini et al. 2017, PMB



Results 4



Angular distributions – Rovituso et al. 5



Angular distributions – Marafini et al. 6
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Comments on angular distribution
• More forward angles (~10 degrees) 

agree very poorly
• Simulation has better agreement 

with Rovituso than Marafini
– Rovituso measurements 

performed at approximately half 
thickness of BP

– Marafini measurements just after 
BP

– Model compounds
• INCL gives best agreement for 1H 

(most abundant fragment)
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Fragment build up curves 8

Rovituso et al. 2017, PMB

Arico et al. 2017, PMB



Summary
• Validation of Geant4 for helium ion therapy in terms of it 

reproducing three fragment measurements
•
• Angular distributions

– All three models evaluated in Geant4 give very poor agreement 
with experiment for forward angles

– Improvements to models desirable
– INCL best reproduces 1H fragments (most abundant fragment)

• Fragment yields
– Must be very careful when comparing fragment yields
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