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Abstract. In this work the general purpose Monte Carlo N-particle radiation transport computer code (MCNP-
4C) was used for the simulation of x-ray spectra in diagnostic radiology. Electron's path in the target was 
followed until it's energy was reduced to 10 keV. A user friendly interface named "Diagnostic X-ray Spectra by 
Monte Carlo Simulation (DXRaySMCS)" was developed to facilitate the application of MCNP-4C code for 
diagnostic radiology spectrum prediction. The program provides a user friendly interface for (i) modifying the 
MCNP input file, (ii) launching the MCNP program to simulate electron and photon transport and (iii) 
processing the MCNP output file to yield a summary of the results (Relative Photon Number per Energy Bin). In 
this article the development and characteristics of DXRaySMCS are outlined. As part of the validation process, 
out put spectra for 46 diagnostic radiology system settings produced by DXRaySMCS were compared with the 
corresponding IPEM78. Generally, there is a good agreement between the two sets of spectra. No statistically 
significant differences have been observed between IPEM78 reported spectra and the simulated spectra 
generated in this study. 
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1. Introduction 

 
For more than eight decades the radiological physics community has been trying to accurately predict 
diagnostic tungsten x-ray energy spectra [1]. An accurate knowledge of the output energy spectra of an 
x-ray tube is essential in many areas of diagnostic radiology. It enables system designers to predict 
patient dose more accurately and hence helps, in the development of better hardware and software to 
reduce patient dose [2]. Many radiological physics problems that can be solved by Monte Carlo 
simulation methods require an x-ray spectrum as input data. Consequently, predicting diagnostic x-ray 
spectra has been a major topic in the radiological physics literature. Since Kramer’s` first attempt in 
1923, this pioneering work was sustained by several investigators and many research groups are still 
trying to find an accurate method for computer simulation of x-ray spectra owing to the fact that 
experimental measurement of x-ray spectra requires special equipment which is available only in a 
limited number of laboratories. Sophisticated Monte Carlo simulation modeling has been adopted as 
an alternative method [3]. 
  
In this work, a Pentium-based PC was utilized to run MCNP-4C to simulate the diagnostic radiology 
x-ray tube with the aim of predicting it's output x-ray spectra. The primary motivations for choosing 
this code are: it’s wide use by the medical physics community, wide acceptance as an international 
standard for coupled particle transport, having the best condensed history of electron physics package 
and remarkable tally capabilities in addition to a powerful reporting system of statistical verifications 
[4]. The validity of MCNP-4C simulated data was examined by comparing the spectra reported by the 
IPEM78 report. 
 
                                                 
* Presenting author, E-mail: mbahreyni@yahoo.co.uk, bahreynimt@mums.ac.ir

 1

mailto:mbahreyni@yahoo.co.uk
mailto:bahreynimt@mums.ac.ir


The application of MCNP-4C code is a 2-stage process. First, an appropriate input file must be 
generated to describe the configuration of the X-Ray machine conditions in a code-specific format. 
This includes the geometry/quality of the system, which is determined by the technical settings (tube 
voltage and filtration) of the X-ray unit to be simulated. Second, after running the MCNP-4C program, 
the data written to an output file must be processed to extract and present the results. Manipulation of 
input and output text files is time consuming and prone to error. 
 
We have developed a user interface (DXRaySMCS), to facilitate the use of the MCNP-4C code, to 
predict diagnostic radiology spectrum. The program provides a user friendly interface for (i) 
modifying the MCNP input file, (ii) launching the MCNP program to simulate electron and photon 
transport and (iii) processing the MCNP output file to yield a summary of the results (Relative Photon 
Number per Energy Bins). As part of the validation process, out put spectra for 46 diagnostic 
radiology system settings generated by DXRaySMCS are compared with the corresponding spectra 
reported by IPEM87. 
 
2. Material and methods 
 
2.1 The MCNP-4C code 
 
MCNP is a general-purpose Monte Carlo code that can be used for neutron, photon and electron or 
coupled neutron/photon/electron transport [4]. For photons transport, the code takes into account 
incoherent and coherent scattering, the possibility of fluorescent emission after photoelectric 
absorption and bremsstrahlung. The continuous slowing down approximation energy loss model is 
used for electron transport. To follow an electron through a significant energy loss, the MCNP-4C 
code breaks the electron’s path into many steps. For electron transport, MCNP addresses the sampling 
of bremsstrahlung photons at each electron sub step. To improve the efficiency of electron and photon 
transport, two cards (PHYS:P and PHYS:E) are utilized in MCNP for biasing some physical 
parameters such as production of secondary electrons by photons, coherent scattering, bremsstrahlung 
angular distribution and production of characteristic x-rays [4].  
 
2.2 IPEM report 78 
 
The original version of the catalogue based on a semi-empirical model for computing x-ray spectra 
was published by Birch et. al. in 1979 and provided essential data useful for applications in diagnostic 
radiology and mammography. The current electronic version contains sets of radiology and 
mammography x-ray spectra with much wider ranges than the previous version. This version uses the 
XCOM photon cross section library to calculate linear attenuation coefficients of various materials. 
The unattenuated photon spectra are given for tungsten targets, tube potential from 30 kV to 150 kV, 
and target angles from 6◦ to 22◦. The ripple value can be changed from 0 to 30%. Constant potential 
mammographic spectra are provided from 25 kV to 32 kV for molybdenum and rhodium targets for 
target angles ranging between 9◦ and 23◦. All spectra are provided at energy bin width of 0.5 keV. 
IPEM78 report was used as a reference to compare with the MCNP simulations because of its 
popularity and availability [3]. 
 
2.3 DXRaySMCS  
 
DXRaySMCS is compiled in Microsoft Visual C# environment and requires a Pentium 333MHz or 
higher microprocessor and Microsoft.NET Framework 1.1 or later, Microsoft Windows 98 or later 
version as the operating system. The program consists of a number of software components, which are 
outlined below: 
 
2.4 Radiation Transport Code and Diagnostic X-Ray Spectrum 
 
The radiation transport package MCNP version 4C was employed to perform MCNP-4C simulations. 
One advantage of MCNP-4C over other widespread general-purpose codes is that its input format 
closely matches the description of the geometry of an x-ray tube. An x-ray system is composed of 
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elementary geometric shapes that can be described with a set of simple algebraic equations, to form a 
suitable input file for MCNP. The filament is represented by a point source emitting electrons into a 
solid angle, along the cathode-anode axis. Required voltages can be simulated in the range of 60 to 
140 kVp by determining the energy of the source. User could define target material and additional 
filter. Focal target angle can also be specified by the user. Voltage ripple is simulated by using 
histogram energy distributions.  
 
X-ray production consists of tracking a large number of electrons incident on the target until they are 
absorbed or emerged out of it. The number of bremsstrahlung and characteristic photons produced by 
incident electrons during their passage inside the target is also calculated. To simulate x-ray spectra, 
MCNP-4C was run in photon and electron mode (mode: P, E) using default values for “PHYS:P” and 
“PHYS:E” cards to enable full electron and photon transport.  
 
3. Results and Discussion 
 
3.1 Initiating MCNP 
 
The main input window of DXRaySMCS is shown in Figure 1. "Set Variable" text field enables 
operator to enter input data, that include anode properties (atomic number and density), anode angle, 
inherent filter thickness, additional filter properties (atomic number, thickness and density), tube 
maximum voltage, voltage ripple and the number of incident particles. The input data are converted 
into MCNP-4C format and are appeared in "Variable" part of input window. After the “execute” 
button is selected by the user, the code modifies the MCNP input file and MCNP is then executed. 
 
Figure 1: DXRaySMCS main input window 

 

 
 
On a Pentium IV (3200) a typical MCNP run will use 15 minutes of CPU time per 1.5 million starting 
electron. In order to obtain reliable results, the number of the particles was being 4×107 per MCNP 
simulation run. 
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3.2 Processing MCNP output 
 
Following to the execution of MCNP, DXRaySMCS analyses the MCNP output file and displays the 
results (Figure 2). In the left side of the window, the data related to the output spectrum of MCNP-4C 
is displayed in two columns. In the first column energy bins and in the second one the relative photon 
numbers corresponding to individual energy bin are listed. In the left side of the window the resulting 
spectrum is displayed. By clicking on “Save Data” and “Save Graph” buttons, user can save data and 
graph of spectrum in the desired location in the file. 
 
3.3 Program Validation 
 
To validate DXRaySMCS, the output spectrum of 46 diagnostic radiology systems setting acquired by 
the utilization of DXRaySMCS are compared to those reported by IPEM78 at 60, 70, 80, 90, 100, 110, 
120, 130, 140 keV for two different filters and various anode angles (9, 12, 15, 18, 21 degrees). Pair t-
test statistical analysis was performed to examine whether two sets of data are significantly different. 
 
Figure 2: DXRaySMCS output window 
 

 
 
 
4. Conclusion 
 
A simple, user friendly and reliable user interface has been developed for MCNP, which provides 
accurate X-ray spectrum for wide range of X-ray machines and X-ray examinations.   
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