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Cross sections
• Authors:

– J. Allen, D. Sakata and S. Guatelli (CMRP, UOW)
– E. Simpson (ANU, Canberra) 

• Compare cross sections calculated by means of 
G4ComponentGGNuclNuclXsc against XFOR
– For targets and energies of interest for hadrontherapy (E < 

400 MeV/nucl)



Incident protons
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Incident alpha particles
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Carbon, Nitrogen, Silicon projectiles
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Validation of Geant4 physics models for HIT: 
regression testing

Mixed radiation field produced by a Carbon Ion Beam with 
clinical energy (290 MeV/u)

Dose-Depth curve



Adopted reference data

Results shown using 10.2p3
Model of the experimental set-up in the simulation study



SELECTION OF RESULTS



220.5 MeV/u 4He incident on water
Reference: Arico et al, 2017

Attenuation of the incident beamRadiation yield - H

Range of the incident beam ~308 mm (WET) 



200 MeV/u 4He on water target
Radiation yields

Reference: Rovituso et al, 2017

p d t

Range ~260 mm (WET) 



200 MeV/u 4He on Water target with 139.2 mm thickness 
Angular distributions

p d t

Range of the incident beam ~260 mm (WET) 

Reference: Rovituso et al, 2017



290 MeV/u 12C incident on PMMA
Radiation yields, Reference: Matsufuji et al, 2003

Attenuation of the 
incident beam

Range ~162 mm (WET) 



400 MeV/u 20N  on PMMA Reference: Matsufuji et al, 2003
Range ~164 mm (WET) 



290 MeV/u 12C incident on water

Simulation maximum is normalised to the 0 degrees of exp (experiment are given as 
arbitrary units)

Reference: Matsufuji et al 2005

Angular distributionsRange ~162 mm (WET) 



670 MeV/u N incident on water

Reference: Schall et al. 1996 12C, 14N, 16O 1996

Attenuation of the 
incident beam

Radiation yields

Range ~520 mm (WET) 



670 MeV/u Oxygen on water target

Reference: Schall et al. 1996 12C, 14N, 16O 1996

Radiation yields

Range ~455 mm (WET) 



Mean % difference: Helium Beams
Fragment yields Angular Distribution

120 MeV/u Rovituso
Fragment BIC QMD QMDf INCL

p 40 37 37 31
d 18 16 12 31
t 43 42 41 55

He3 49 56 55 61

Fragment BIC QMD QMDf INCL
p 34 36 37 30
d 33 39 51 27
t 40 64 48 36

200 MeV/u Rovituso

Fragment BIC QMD QMDf INCL
p 44 47 50 46
d 28 49 60 25
t 67 55 66 71

He3 67 75 80 77
He4 22 22 25 22

200 MeV/u Rovituso, 18° acceptance angle

220.5 MeV/u Arico (Water), 0.35° acceptance angle
Z BIC QMD QMDf INCL
1 23 39 49 21
2 2 1 2 1

Z BIC QMD QMDf INCL
1 19 38 50 20
2 1 1 2 1

220.5 MeV/u Arico (PMMA), 0.35° acceptance angle
Difficult to say which model behaves 

better
Attenuation of the incident beam



Mean % differences: Incident carbon beams

Z BIC QMD QMDf INCL
1 11 31 8 11
2 3 13 4 12
3 26 46 51 29
4 13 37 45 12
5 26 48 55 44
6 21 26 19 22

Fragment yields

290 MeV/u Matsufuji

670 MeV/u Schall, ~2.3° acceptance angle

Angular Distribution

Z BIC QMD QMDf INCL
5 7 11 24 30
6 3 2 19 1

290 MeV/u Matsufuji (normalised)

200 MeV/u Guntzert-Marx

Z BIC QMD QMDf INCL
1 41 35 34 35
2 78 69 57 20
3 24 51 45 9
4 65 113 95 22
5 96 363 323 13

Fragment BIC QMD QMDf INCL
p 29 74 49 26
d 18 13 10 44
t 16 18 11 36

He3 60 70 73 68
He4 67 54 70 33

Presenter
Presentation Notes
The data of the Matsufuji data hasn’t got an angle of acceptance due to the large 100 mm diameter incident beam so it makes the angle of acceptance a bit tricky but using just the same calculation for a pencil beam the angle is ~3.8 degrees



Mean % differences: Radiation yields

Oxygen beam Nitrogen beam

Z BIC QMD QMDf INCL
5 22 11 22 45
6 43 12 11 10
7 4 2 21 2

469 MeV/u Schall ~2.3° acceptance angle

670 MeV/u Schall ~2.3° acceptance 
angle 

Z BIC QMD QMDf INCL
8 3 3 5 3

Z BIC QMD QMDf INCL
5 7 15 5 16
6 3 8 11 30
7 54 8 12 7
8 2 2 15 2

Z BIC QMD QMDf INCL
1 20 85 48 46
2 21 18 26 6
3 48 48 55 20
4 22 37 39 13
5 19 17 30 21
6 24 6 7 9
7 13 25 31 17
8 39 45 40 64
9 22 51 55 36

10 13 13 11 12

400 MeV/u Matsufuji

405 MeV/u Schall ~2.3° acceptance 
angle

Z BIC QMD QMDf INCL
10 9 8 18 8

Neon beam

Attenuation of the incident beam



Conclusion
• Analysis of the results just started
• Now we are focusing on alpha incident particles. Once we 

have more solid analysis, regression testing.
• We are happy to participate at the Geant4 Hadronic Meetings 

to show the progress of this work
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Validation of Geant4 physics models for HIT: 
regression testing

Mixed radiation field produced by a Carbon Ion Beam with 
clinical energy (290 MeV/u)

Dose-Depth curve

400 MeV/u 12C beam incident upon water 
(Haettner et al. 2013, PMB)



BIC 10.2p2, 10.3, 10.4B
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In-vivo PET OpenPET

PMMA Phantom 12C Nozzle

Ion Chamber

Reconstructed Static PET image

HIMAC, NIRS, Japan

CMRP: A. Chacon, S. Guatelli, A.  Rozenfeld

ANSTO: D. Prokopovich, M. Safavi-Naeini, M.C. Gregoire

NIRS: A. Mohammadi, M. Nitta, F. Nishikido, Y. Iwao, H. 

Tashima, E. Yoshida, T. Yamaya

Geant4 Modelling for in-vivo PET
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150 MeV/u 12C incident on polyethylene
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Conclusion
• Versions 10.1-10.2 much better than 10.4
• Is it possible to have a physics list for medical physics 

applications with fragmentation as it was in 10.2? 
• We are happy to provide this test to be executed 

with Geant4 ref tags.
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