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Abstract 
In recent decades, cancer has been one of the main ever increasing causes of death in developed countries. In order to 
fulfill the aforementioned considerations different techniques have been used, one of which is Monte Carlo simulation 
technique. High accuracy of the Monte Carlo simulation has been one of the main reason for its wide spread 
application. In this study, MCNP-4C code was employed to simulate electron mode of the Neptun 10PC linac, 
dosimetric quantities for conventional fields have also been both measured and calculated. Although Neptun 10 PC 
Linac is no longer licensed for installation in European and some other countries but regrettably nearly 10 of them 
have been installed in different centers around the country and are in operation. Therefore, in this circumstance, to 
improve the accuracy of treatment planning, Monte Carlo simulation for Neptun 10 PC was recognized as a necessity. 
Simulated and measured values of depth dose curves, off axis dose distributions for 6 , 8 and 10 MeV electrons 
applied for four different size fields,6×6 cm2 , 10×10 cm2 ,15×15 cm2 and 20×20 cm2 were obtained. The 
measurements were carried out by a Welhofer-Scanditronix dose scanning system, Semiconductor Detector and 
Ionization Chamber. The results of this study have revealed that the values of two main dosimetric quantities depth 
dose curves and off axis dose distributions, acquired by MCNP-4C simulation and the corresponding values achieved 
by direct measurements are in a very good agreement (within 1% to 2% difference). In general, very good consistency 
of simulated and measured results, is a good proof that the goal of this work has been accomplished. In other word 
where measurements of some parameters are not practically achievable, MCNP-4C simulation can be implemented 
confidently. 
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1. Introduction 

Application of Monte Carlo simulation in medical physics is back dated to the end of 1970's (2). 
From those days till now Monte Carlo techniques have been widely used in different areas of medical 
physics in particular in physics of radiotherapy. Some of these applications are as follows: simulation of 
teletherapy sources, measurement of different dosimetric parameters in various environments, assessment 
of the effects of mani factors on dose distribution in unisotropic tissues, studying dose distribution in 
different tissue interfaces, as well as modification of treatment systems.  
 
Simulation works in radiotherapy are mainly focused in two parts: a) simulation of radiation sources, e.g. 
X-Ray tube of Linac or 60CO of the older systems, this is very important and should be performed for 
individual systems. b) patient's simulation and evaluation of various parameters affecting dose distribution 
in his body. 
 
A simulation code includes four major parts: 
1- The algorithm used for particle transportation. 
2- Library of all cross sections related to all probable interactions. 
3- Methods applied to demonstrate the geometry and transition of particles from one volume to the others. 
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4- Methods applied to determining quantities of interest and analyze the data produced by simulation. 
 
Part 3 and 4 contribute to a large extent in the complexity and running time of the code, while part 1 and 2 
are related to fundamental principle of physics. The important features of MCNP which pave the way for 
it's easy application are it's ability to define: 
 
- general, critical, volume and surface sources. 
- proper definition of geometry. 
- a wide range of variance reduction methods. 
- incorporating tallies to execute all required applications defined by operator. 
- an extensive library incorporating a wide range of cross sections.      
 
2. Materials and Methods 

In this work the linear accelerator Neptun 10PC of Emam Reza hospital was simulated. This unit is a 
standing-wave linear accelerator with a 270o deviation chamber. It provides electron beams with nominal 
energies of 6,8,10 MeV and photon beam with 9MV energy. Electron beam deviation in deviation 
chamber and other points of it’s path is implemented by electromagnetic fields. These fields are induced by 
various solenoids. Electron and photons are flown through guide tube and are emerged from exit window. 
Exit window is made of stainless steel, it’s thickness is equal to 0.01 cm. a solid block made of Tungsten is 
surrounding the guide tube, the same block is also called initial collimator. Primary collimator is made of 
Lead, located after the initial collimator . 
 
The lower end of this collimator is covered by a lead scattering foil. Ionization chambers, cylindrical in 
shape, are positioned between scattering foil and secondary collimator, they control the out put fellow of 
electrons and photons. Secondary collimator is consisting of six pairs of Lead sheets. Applicators are 
composed from 10 pairs of blades, 0.8 cm in thickness, specially designed. They are situated after the 
secondary collimator. 
 
Applicators are connected to secondary collimator, therefore they are moved together. By means of these 
applicators radiation fields ranging in area from 3×3 cm2 up to 25×25 cm2 can be formed fig (1).  
 
Figure 1: big applicators are installed on the head of accelerator. 
 



A schematic design of all simulated parts of the Neptun 10 PC including initial collimator, exit window, 
primary collimator, scattering foil, steel plate, ionization chamber, secondary collimator and applicators are 
showed in fig (2). 

 
Figure 2: schematic design of Neptun's simulated components  

 

This is a representation of the linac head, and a water phantom in X=0 plane. All interspaces are filled in 
with air. The source is positioned at 100 cm from phantom surface. It should be emphasized that the source 
energy distribution is a non-symmetrical Gaussian, but spatial distribution of particles is symmetrical 
Gaussian. 
 
All dosimetric quantities acquired by simulation were also practically evaluated. For this purpose 
welhofer-scanditronix dosimetry system in conjunction with diode detectors were employed.  
General speaking in this type of work, prolonged running time is a major problem, to address this problem 
we have applied different techniques e.g. reducing the size of system geometry, interception of particles 
moving in undesirable directions and use of cut-off energy card (cute: 500 keV, cat p = 10 keV). It should 
be emphasized that implementation of these limitations do not affect the final results produced by 
simulation. SPSS and excel softwares were employed for grouping and all other necessary statistical 
examination of our results. All computations were performed by a Pentium 4 PC (CPU= 3.2 GHz.  
RAM = 1024). 
 
3. Results: 

Dose parameters including percent depth dose and dose profiles for 6×6, 10×10, 15×15 and 25×25 cm2

sizes were obtained by simulation and measurements. 10×10 cm2 filed size is taken as a standard field. 
Depths doses were estimated at 4, 6 and 8 cm from the phantom surface (along the central axis) for 6, 8 
and 10 MeV electrons respectively. For this objective a cylindrical cell (1×0.2 cm) was defined. Different 
numbers were pilled up to from 4, 6 and 8 cm columns . 
Measured and computed values of depth dose, as a function of depth for 10 MeV electron beam applied to 
a 10×10 cm2 field is demonstrated in fig (3). 
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Figure 3: Measured and computed values of depth dose, as a function of depth for 10 MeV electron beam 
applied to a 10×10 cm2 field 
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Values of E0, Rq, Rp, R50, R80 and R90 related to depth dose curves were acquired for curves representing 
measured and calculated data accordingly. Fig (4) is presenting the E0, Rq, Rp, R50, R80 and R90 values for 
10 MeV electrons. 
 
Figure 4: The quantities of R90, R80, R50, Rp, Rq and E0 which is gained of the curves in 10×10 cm2 field 
for 10 MeV electron beam  
 

Cylindrical cells of 0.5×0.2 cm dimensions were defined. These cells were placed on a plane, located at the 
depth of maximum dose, along the X-axis in a symmetrical order relative to the central beam. This 
arrangement was utilized to estimate off axis dose distribution (dose profile). 
Measured and calculated off axis dose distributions of 10 MeV electrons applied to different field sizes are 
compared in fig (5). 
 

0
1
2
3
4
5
6
7
8
9

E0 R90 R80 R50 Rp Rq

Calculated

Measured



Figure 5: Measured and calculated off axis dose distributions of 10 MeV electrons applied to different 
field sizes are compared 
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4. Conclusion and Discussion  

In this study, MCNP-4C code was employed to simulate electron mode of the Neptun 10PC linac, 
dosimetric quantities for conventional fields have been also both measured and calculated. The system is 
nominally capable of generating electron beams of 6, 8 and 10 MeV, however measured dosimetric 
quantities are indicating that the real energy of the average out put electron beams are corresponding to 
7.25, 8.8 and 10.68 MeV.  
 
From fig (4) it is evident that the calculated and measured values of  R90, R80, R50, Rq, RP and E0 are not 
significantly different. The measured and calculated dosimetric quantities presented in fig (4) including: 
R90, R80, R50, Rq, RP and E0 have been statistically examined by T-test pair and do not exhibit any 
significant differences. 
 
In general, very good consistency of simulated and measured results is a good proof that the goals of this 
work have been accomplished. In other word where measurements of some parameters are not practically 
achievable, MCNP-4C simulation can be implemented confidently. 
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