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Abstract. Proton beams in medical applications deal with relatively thick targets like the human 

head or trunk. Thus, the fidelity of proton computed tomography (pCT) simulations as a tool for 

proton therapy planning depends in the general case on the accuracy of results obtained for the 

proton interaction with thick absorbers. GEANT4 simulations of proton energy spectra after 

passing thick absorbers do not agree well with existing experimental data, as showed previously. 

Moreover, the spectra simulated for the Bethe-Bloch domain showed an unexpected sensitivity 

to the choice of low-energy electromagnetic models during the code execution. These 

observations were done with the GEANT4 version 8.2 during our simulations for pCT. This 

work describes in more details the simulations of the proton passage through aluminum 

absorbers with varied thickness. The simulations were done by modifying only the geometry in 

the Hadrontherapy Example, and for all available choices of the Electromagnetic Physics 

Models. As the most probable reasons for these effects is some specific feature in the code, or 

some specific implicit parameters in the GEANT4 manual, we continued our study with version 

9.2 of the code. Some improvements in comparison with our previous results were obtained. The 

simulations were performed considering further applications for pCT development. 

Keywords: Proton computed tomography (pCT), Monte Carlo simulations, GEANT4 code 

PACS: 82.20.Wt; 87.10.Rt; 87.57.Q. 

The interest in proton computed tomography (pCT) development is now reopened 

with the spread of the proton beam treatment [1]. The idea is to use the same medical 

proton therapy beam for diagnosis with pCT, i.e. for tumor localization and data 

acquisition for further irradiation planning. Potentially it can improve the quality of 

proton therapy and decrease the dose delivered to patients. The Monte Carlo 

simulations have a successful history in varied fields of study and could also be a 

helpful instrument in the case of pCT. 

XXXIII Brazilian Workshop on Nuclear Physics
AIP Conf. Proc. 1351, 340-344 (2011); doi: 10.1063/1.3608985

©   2011 American Institute of Physics 978-0-7354-0908-8/$30.00

340



MONTE CARLO SIMULATIONS 

By now, the passage of charged particles through matter is studied well enough  

and some popular Monte Carlo packages could be used to study pCT development. 

The modern approach to pCT technology involves High Energy Physics (HEP) 

solutions. Therefore, the GEANT4 Simulation Toolkit [2], which was initially 

designed to support the development of such HEP system, is very useful for pCT 

modeling as well [3]. It should be stressed out that here we are concerned with the 

code ability to support the pCT system development, and not yet for the medical 

applications. 

However, the question is how realistic are the GEANT4 simulations in the pCT 

case? The pCT deals specifically with relatively thick targets, like the human head or 

trunk. Our initial comparative simulations [4], [5], [6] with GEANT4 and TRIM from 

the SRIM2008 package [7], [8] have shown that these two popular Monte Carlo codes 

usually generate somewhat different proton spectra. In the case of thin absorbers, the 

difference could be ignored because it is less than could be detected experimentally. 

For thick absorbers, however, the difference is large enough. Thus, the experimental 

data could be used for the validation of the code mentioned above. Therefore, from the 

physics point of view, the question can be reformulated to “How realistic are the 

GEANT4 simulations for the absorber thicknesses compared with the full ranges of 

protons [9] in the correspondent matter?” Within the pCT problem, this question is 

obviously limited to the initial proton energies – equal or below 250MeV – the 

maximum proton energy of a typical medical accelerator [10]. On the other hand, the 

pCT is only possible if the proton after traversing the patient body still has a few MeV 

to be detected. Thus, for pCT development only the so-called “Bethe-Bloch domain” 

of proton energies [9], [11], [12] is important.  

Within the Bethe-Bloch domain, the question is almost energy and material 

independent: the energy-range relations are practically identical if the reduced units 

for the energy and passed thickness are used [5], [13]. That is why we could take the 

19,68MeV proton data from [14] as the experimental reference without losing the 

validity of the presented analysis.  

It should be stressed out that the original validation of GEANT4 code was done 

against NIST PSTAR data for the Stopping Power (SP) [15]. In this work, we will 

focus only in some improvements in simulation results that were achieved in 

comparison with our previous results.  

All simulations are based on Hadrontherapy Advanced Example (distributed with 

Geant4) with adjusting of some parameters. The simulations were performed with 

GEANT4 (version 9.2) using the standard electromagnetic pack [16], and with the 

Low Energy Extension pack [17] using ICRU49 and Ziegler85 models (Ziegler77 and 

Ziegler2000 models also were tested). 

As in the standard configuration, the pack applies the Bethe-Bloch formalism for 

proton energies down to 2MeV. The models are responsible for the SP 

parameterization below this boundary energy. Thus, as the simulated energy spectra 

are from the Bethe-Bloch domain, the differences in the results are somewhat 

unexpected 
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RESULTS AND CONCLUSIONS 

The Figure 1 shows the experimental data in comparison with the results of our 

previous and actual simulations. 
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FIGURE 1.  Final 19.68 MeV proton Energy spectra after Al layer, where (1) – experimental data; 

GEANT4 simulation results: (2) – 8.2 ICRU49 model, (3) – 8.2 ZIEGLER2000 model, (4) – 8.2 

ZIEGLER85 model, (5) – 9.2 default configuration, (6) – 9.2 ICRU49 model, (7) – 9.2 ZIEGLER85 

model, (8) – 9.2 ZIEGLER77 model. 

 

The most significant difference in the simulation results was obtained for the 

thickest Al layer. As could be seen, the results of the actual simulations are in better 

coincidence with experimental data and with each other, while for the earlier 

simulations almost the 1MeV difference was detected. Between the actual simulations 

the ICRU49 and Ziegler85 models produced better results in comparison with 

experimental data for this case. This observation stands for all Al layers. It could be 
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seen that with the decreasing of the thickness the disagreement between different 

simulation models and experimental data also decrease. 

It was detected that the Low Energy Extension Pack inclusion at the GEANT4 code 

affects all simulated spectra at the Bethe-Bloch domain. This is important for the pCT 

development at low energies. 

Even the results of our simulations proved to be reliable, the comparison with few 

experimental spectrums is not sufficient to make a definitive choice for the most 

adequate way to use GEANT4 for pCT simulations. Thus, we are planning to continue 

this work involving other experimental data.  
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