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ABSTRACT 
 
Proton therapy applications deal with relatively thick targets like the human head or the trunk.  Therefore, 
relatively small differences in the total proton stopping power given, for example, by the different models 
provided by GEANT4, could lead to significant disagreement in the final proton energy spectra when integrated 
along lengthy proton trajectories.  This work presents a comparison of proton energy spectra for 49.1MeV 
protons passing through a couple of Au absorbers with different thicknesses obtained by GEANT4.8.2 
simulations using ICRU49, Ziegler1985 and Ziegler2000 models.  The comparison was made with the 
experimental data of Tschalär, with TRIM/SRIM2008 and MCNPX2.4.0 simulations, and the Payne analytical 
solution for the transport equation in the Fokker-Plank approximation.  It is shown that the simulations 
reproduce the experimental spectra with some detectable contradictions.  It should be noted that all the spectra 
lay at the proton energies significantly above 2MeV, i.e. in the so-called “Bethe-Bloch region”.  Therefore the 
observed disagreements in GEANT4 results, simulated with different models, are somewhat unexpected. 
Further studies for a better understanding and to obtain definitive conclusions are necessary. 
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1. INTRODUCTION 
 
There is renewed interest in proton computerized tomography (pCT), originally suggested by 
Cormack [1], with the opening of new proton therapy centers worldwide.  The modern 
approach to pCT technology involves High Energy Physics (HEP) solutions such as tracking, 
calorimeters, and fast data readout and acquisition systems [2].  Therefore, the GEANT4 
Simulation Toolkit [3] is very useful for pCT modeling [4]. 
 
In medical applications, pCT deals with relatively thick targets like the human head or trunk.  
As we have reported at INAC 2007, the results of Monte Carlo simulations using different 
codes do not agree well in this case [5].  At the same time, the total proton stopping powers 
used by the codes are practically identical within the modern experimental resolution in the 
Bethe-Bloch domain [6].  This contradiction should be studied better than it is, having in 
mind the crucial role of the computer simulation fidelity in the pCT development.  In this 
work we present our recent results obtained by the comparison of Monte Carlo simulations 
with each other, and with the experimental data from literature. 
 
The comparison was performed for the GEANT4 results against the experimental energy 
distributions for 49.10MeV protons after thick gold layers [7].  The simulations were fulfilled 
with different models from the Low Energy Extension Pack of GEANT4.8.2 [8].  The spectra 
were simulated by TRIM/SRIM2008 [9] and MCNPX2.4.0 [10] too. 
 
 

2. METHODOLOGY 

2.1.  Experimental Data 

The experimental data used in this work as reference are the spectra of 49.10MeV protons 
after passing through 4.18g/cm2 and 4.44g/cm2 of gold published in [7].  The spectra were 
measured there by Si detector with 50keV resolution (FWHM) and the reported 0.5% 
absolute accuracy.  All the vital parameters of the experiment are known in details from [7]. 

2.2.  Analytical Approach 

An analytical solution of the Boltzmann transport equation, which describes the process of 
traversing matter by protons, could be achieved only under some significant simplifications 
[11].  As well as in our previous analysis [5], in this work we use as a reference the self-
consistent Gaussian solution for the Fokker-Plank approximation, proposed by Payne [12].  
The Mean Excitation Energy value for gold used in our calculation was 930eV from [7]. 

2.3.  Monte Carlo Approach 

The simulations were fulfilled with version GEANT4.8.2.  The Ziegler85, Ziegler2000 and 
ICRU49 models from the Low Energy Extension Pack were tested.  About 100000 proton 
trajectories were simulated in each case.  The spectra were also simulated by TRIM code 
from the SRIM2008.03 package, and with MCNPX2.4.0. All the spectra were simulated 
assuming the pencil beam of initial protons and the wide detector [11]. 

2.4.  Statistical Analysis 

In order to make a correct comparison of the simulated and experimental data, which were 
published in arbitrary scale, all the simulated spectra were reduced to the discrete Probability 
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Density Functions (PDF).  The experimental scale was normalized in the way that data have 
the same value at the peaks as the corresponding theoretical curves. 
 

3. RESULTS 
 
The simulated spectra, calculated curves and experimental data for 49.10MeV protons after 
thick gold layers are shown in Fig. 1.  The original scale of Tschalär and Maccabee [7] is 
shown at the center, and PDF scales – at the left and right. 
 
 
 

 
 

Figure 1.  GEANT4, TRIM/SRIM and MCNPX 
simulated spectra for 49.10MeV protons after 
passing through thick gold layers compared with 
the experiment: the 4.44g/cm2 case is at left, and 
4.18g/cm2 – at right. 

 
 
 

The following observations could be made:   
 
In the case of 2.164 mm gold absorber (the experimental peak at 15.24MeV) GEANT4 code 
with ICRU49 model describes the experimental spectra with a good precision, while 
MCNPX, SRIM and other GEANT4 models are shifted to the left, i.e. for the lower energies.  
Even the theoretical prediction is slightly shifted to the left.   
 
As for the 2.298 mm absorber (the experimental peak at 10.94MeV), generated by GEANT4 
code with ICRU49 model spectra is slightly shifted to the right; GEANT4 with Ziegler85 
model, MCNPX and SRIM results are quite close to the experimental spectra, but slightly 
shifted to the left; theoretical prediction is quite precise, and GEANT4 with Ziegler2000 
model gives notably shifted to the left. 
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4. CONCLUSIONS 
 
The validation of SRIM2008, MCNPX2.4 and GEANT4.8.2 simulations against the Tschalär 
experimental data for the thick Au absorbers and 49.10MeV protons was done.  It was shown 
that GEANT4 with ICRU49 model and with old Ziegler85 model, SRIM and MCNPX have 
shown rather precise results, while the results of simulation with GEANT4 and new 
Ziegler2000 model are notably shifted to the lower energies.  Therefore, we can claim that the 
Low Energy Extension Pack inclusion at the GEANT4 code affects simulated spectra at the 
Bethe-Bloch domain.  This indicates the same limitations in the pCT simulations by 
GEANT4. 
 
Nevertheless the comparison with a few experimental spectra didn’t work well enough to 
indicate 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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