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Abstract. The purpose of this paper is obtaining gamma ray spectra by means of a 
scintillation detector applying the Monte Carlo statistic simulation method using the EGS4 
program. The Monte Carlo algorithm implies that the physical system is described by the 
probability density function which allows generating random figures and the result is taken as 
an average of numbers which were observed. The EGS4 program allows the simulation of the 
following physical processes: the photo-electrical effect, the Compton effect, the electron-
positron pairs generation and the Rayleigh diffusion. The gamma rays recorded by the 
detector are converted into electrical pulses and the gamma ray spectra are acquired and 
processed by means of the Nomad Plus portable spectrometer connected to a computer. 
 As a gamma ray sources 137Cs and 60Co are used whose spectra drawn and used for 
study the interaction of the gamma radiations with the scintillation detector. The parameters 
which varied during the acquisition of the gamma ray spectra are the distance between source 
and detector and the measuring time. 
 Due to the statistical processes in the detector, the peak looks like a Gauss distribution. 
The identification of the gamma quantum energy value is achieved by the experimental 
spectra peaks, thus gathering information about the position of the peak, the width and the 
area of the peak respectively. By means of the EGS4 program a simulation is run using these 
parameters and an “ideal” spectrum is obtained, a spectrum which is not influenced by the 
statistical processes which take place inside the detector. Then, the convolution of the spectra 
is achieved by means of a normalised Gauss function. There is a close match between the 
experimental results and those simulated in the EGS4 program because the interactions which 
occurred during the simulation have a statistical behaviour close to the real one. 
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1. Introduction 
 The aim of this study is to simulate the physical system through the generation of 
probability density function (p.d.f.) values in different points and also through the 
achievement of additional calculations necessary to describe the system evolution. Or the 
mathematics and the physics are substituted by the aleatory values of the possible states from 
the p.d.f.-s which describe the system. 

The Monte Carlo numerical methods are the simulation statistical methods and the 
statistical simulation represents any method which utilises the sequences of aleatory numbers 
to realize the simulation [1, 2, 3]. 

Now, the Monte Carlo simulation is utilised in different fields of activity from the 
simulation of some complex physical phenomena such as the radiation transport in the earthly 
atmosphere and the subnuclear processes which occur at high energy to the simulation of a 
bingo game. 



To describe the behaviour of the system  the physical processes are directly simulated 
with one condition: the system must be described by the probability density function. The 
Monte Carlo simulation can continue through the generation of aleatory values from the 
probability density function, if this function is know. The result is an average of the observed 
numbers [4, 5].  
 
2. Materials and Methods 
 The essential components of the Monte Carlo algorithm are the following [6]: 

1.the probability density function; 
2.the generator of aleatory numbers; 
3.the sampling rules; 
4.the recording of results into a table; 
5.the errors estimation; 
6.the reduction methods of the variable parameters; 
7.the parallel or vectorial calculations. 
The simulation is achieved by means of the EGS4 program which operates 

independently and contains twelve subroutines and eighty-five functions. 
Because our proposal is that to apply the Monte Carlo method in gamma rays 

spectrometry we use the Nomad Plus analyser. This is a portable spectrometer specific for 
nuclear radiation based on the new nuclear electronic technologies. Nomad Plus is connected 
to a Pentium computer which allows the automatic programming of the spectra acquisition 
and processing. The working principle is the same with the amplitude multichannel analyser. 
The components of the Nomad Plus spectrometer are the power supply, the internal power 
supply, the pulses amplifier, the microprocessor, the programs’memory, the digital stabilizer, 
the analog-digital converter, the Nomad Plus/PC interface and the Nomad Plus printer [6]  

The detector of radiation is charged by the power supply [7]. The pulses from the 
detector are amplified by the intensifier. Then the electrical pulses are converted into a digital 
signal by the analog-digital converter. All the equipment components working is assured by 
the microprocessor. The stability of the spectrum for high acquisition times, the counting rates 
and the variable temperatures is done by the digital stabilizer. The programs memory ensures 
the acquisition programs recording and the pulses processing.  

The pulses from the exit of the detector are amplified and introduced in the analog-
digital converter (CAD). Then, the analog information is keeped in the data memory. By 
means of the special calculation programs the information are processed and showed a 
histogram shapes. These histograms represent even the recorded nuclear radiation spectra. 

In this paper we are focused on the gamma radiation spectra acquisition by means of a 
scintillation detector.  

 
3. Results and Discussions 
 To accurately identify a nuclide is necessary to energetically calibrate the spectrometer 
[8]. It’s means that every peak from the spectrum must to find at corresponding gamma 
quanta energy which it generates. Thus, the spectrometer is prepared to draw the individual 
spectra of the 137Cs and 60Co sources used in our laboratory. By means of these spectra we 
study the interaction between gamma rays and scintillation detector. For the 137Cs source the 
peak corresponds to a 0.662 MeV energy and for the 60Co the peaks correspond to a 1.17 
MeV and 1.33 MeV energy respectively. 

To not disturb the acquisition of radiation spectrum with the source of interest all 
sources of radiation from around are removed [9, 10]. Thus to acquisition of 60Co and 137Cs 



spectra we put the sources in front of the detector at 20 cm distance. Then we perform an 
acquisition for 1500 seconds. The initial data are recorded in the Nomad Plus and are 
transferred and saved in the computer. The sources are removed after the radiation spectra 
obtaining and we make a background measuring.  

To know only the contribution of the source to the obtained radiation spectrum we 
must take out the background from the initial spectrum.  

Because of the statistical processes from the detector [11], the peak shows like a Gauss 
distribution centred on the incident gamma quanta energy. That’s why it is necessary to make 
a deconvolution of the peaks to identify the gamma quanta energy and Gauss function 
parameters values. 

The Gauss function is given by the following expression: 
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where: 0y  is the offset; 
 w  is the width at half maximum; 

 cx  is the peak centre coordinate; 
 A  is the peak area. 
 After the deconvolution the Gauss function characteristics for each peak are 
established which give information about the maxima position ( cx ), the peak width ( w ) and 
the peak area ( A ). 
  

 
 

Fig. 1. Peak deconvolution with 1.33E MeV=  from the obtained spectrum 
for a 60Co source at 20 cm distance between source and detector 

 



 
 

Fig. 2. Peak deconvolution with 1.17E MeV=  from the obtained spectrum  
for a 60Co source at 20 cm distance between source and detector 

 
 Table 1 shows the obtained parameters after the peaks deconvolution. 
 

cx  w  A  
1173.959 2.143 54521.959 
1332.043 2.331 48917.725 

 
 By means of the EGS4 program we are doing a simulation after the the analysis of the 
experimental spectra using these parameters. The obtained spectrum will be an “ideal” 
spectrum which not takes into account the statistical processes from the detector.  
 



 
 

Fig. 3. Detector sizes 
 
 By means of the EGS4 program we can pick out the particles energy, the distance 
between source and detector, the detector sizes, E∆  is the energetic interval which 
corresponds to a channel and the total number of the studied cases. Then these parameters are 
replaced in the initial program which is done the simulation. 
 The energy values are replaced every time in the initial program with the obtained 
values after the peaks deconvolution for each spectrum. A new spectrum which is not 
influenced by the statistical processes which take place inside the detector can obtained, but 
this spectrum represents only the energetically distribution of the particles which interact with 
the detector. 
 By means of the EGS4 a convolution spectra with a normalised Gauss function whose 
parameters are those recorded at a deconvolution of the experimental spectra are obtained.  
 



 
 

Fig. 4. Experimental and simulated gamma spectra  
for 60Co source at 20 cm distance between source and detector 

 
 For 137Cs the following results are obtained: 
 

 

 
 

Fig. 5. Peak deconvolution with 0.662E MeV=  from the obtained spectrum  
for a 137Cs source at 20 cm distance between source and detector 

 



 The results obtained after the deconvolution are presented in table 2: 
 

cx  w  A  
663.9 50.3 2320717.6 

 

 
 

Fig. 6. Experimental and simulated gamma spectra  
for 137Co source at 20 cm distance between source and detector 

 
4. Conclusions 
 From the diagrams above, the existence of a perfect agreement between experimental 
results and those simulated in the EGS4 program can be observed. The peaks from the 
simulated spectrum are situated at the same energy value like those from the experimental 
spectrum. Also, by analysing of the simulated spectrum we can distinguish the characteristics 
of a gamma rays experimental spectrum – the Compton distribution and the Compton edge– 
which appear in the same place for both spectra. A perfect agreement between amplitude of 
different peaks from the experimental and simulated spectra is founded. Therefore, this fact 
shows that the interactions which are considered during the simulation process had the 
statistical results in perfect agreement with the real one.  
 The differences which occur between two types of spectra are due to the fact that the 
sources which are utilised to obtain the spectra are different. Only for the experimental spectra 
an “ideal” it was used because the lead screen which is scheduled the “real” source leads to 
generation a high number of gamma quanta backscattered which interact with the detector. 
Thus the backscattering peak is amplified and the source is “interferenced” with lower energy 
gamma quanta. 
 We are proposed to utilise the EGS4 program to correctly simulate a “real” source of 
radiation and to simulate the interaction between gamma rays and different materials having 
the complex geometries. These kind of simulations have more applications in the dosimetry 
[12] studies and radioprotection [9, 13]. 
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