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ABSTRACT 
 
The characterization of a clinical accelerator beam is separated into two parts. In the first one it is done an 
energy axial profile based on the depth dose measures. The second part is the bean spatial distribution 
determined by the radial measured profiles. It can be said that a radiation bean is completely defined by both 
axial and radial profiles. To simulate the source using the MCNP it is necessary apply the spectrum 
reconstruction technique in the electron beam. The spectrum reconstruction is vital because allows any further 
simulations that involves the same experimental set. An important kind of simulation is the treatment simulation 
that enables the dosimetry that helps the hospital system planning.  The electron beam reconstruction was made 
experimentally from PDP’s done with ionization chambers. This methodology has mainly the advantage of not 
requiring any geometric and composition information about the accelerator model. As these devices has many 
complexes parts the reconstruction technique shows becomes easy and reliable.   
 
 

1. INTRODUCTION 
 
Computer systems that use Monte Carlo based algorithms are gaining ground in scientific 
community because they prove several times effectiveness for work in areas as physics 
applied to medicine. A special result is to determine the radiation dose distribution from 
various radionuclides that interacts with biological tissue.  
 
The development of suitable computational algorithms with uses real data from therapeutic 
beams has shown satisfactory results that contribute to numerical dosimetry procedures. The 
dose distribution profiles are determined when the radiation beam interacts with different 
materials. In this context, the Monte Carlo technique applied to the radiation therapy has 
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achieved reliability due to its versatility in the model the geometric configuration of the 
radiation source. These codes can simulate particle interactions with different interfaces 
allowing easy changes both in density and material. 
 
Literature references are poor about the uses of numeric dosimetry analysis of skin 
lesions. The current protocols require experimental data to validate the simulations 
results. With this comparison between experimental and calculated data the 
simulations provide preliminary information that adds knowledge about the therapeutic 
procedures of skin lesions. 
 
The analysis credibility provided by numerical dosimetry will improve as well the radiation 
protection of the professional staff involved in therapeutic routine because optimizes the 
radiation exposure since reduce the time of risk.   
 
 

2. MATERIALS AND METHODS 
 
2.1. Electron beams characterization for energies of 4 MeV and 9 MeV used by the 
Clinac 2100C Linear Accelerator. 
 
The characterization of a clinical accelerator beam is separated into two parts. In the first one 
it is done an energy axial profile based on the depth dose measures. The second part is the 
bean spatial distribution determined by the radial measured profiles. It can be said that a 
radiation bean is completely defined by both axial and radial profiles. 

2.1.1. The Axial Profile 
 
First of all it began a survey of the ionization curves according the recommendations of 
the IAEA protocol / TRS-398. It was positioned an ionization chamber (IC) inside a water 
phantom properly aligned to the beam central axis. Then it was measured the absorbed 
dose at various depths, from the bottom up to avoid the effect of water surface tension. The 
depth range inside the water phantom was from 2 cm up to 0.3 cm below the surface for the 4 
MeV beam and 5 cm to 0.1 cm for the 9 MeV beam. It was measured the maximum depth 
dose at water so reproducing the experimental PDP curve. 
 
The size field used for both beams was 10 cm x 10 cm length and positioned at 100 cm 
from the source to the phantom surface (SSD = 100 cm). Figure 1 shows 
the experimental arrangement used to characterize the electron beams. 
 
 
 
 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

 
 

Figure 1.  Experimental arrangement used to characterize both electron beams. a) Water 
phantom and the Clinac 2100C Linear Accelerator. b) Electrometer. c) Alignment and 

position of the ionization chamber inside the water phantom. 
 
 
The MCNP simulations were based in the experimental configuration for both beams. The 
water phantom was designed by using a cube assembled with combinatory geometry  (PX, 
PY and PZ cards). The tally region inside the phantom was delimited as several ellipsoids 
disposed in a row.  
  
To insert the spectrum source parameters correctly in the code it was necessary to apply the 
reconstruction technique of the real accelerator beam. As has been said before, this technique 
is of great importance since it allows further simulations of any experimental set once one 
defined the beams with precision. This includes the analysis of dose distribution that can 
assist planning systems[6] . The energy spectra reconstruction was made from the 
experimental PDP’s obtained with the ionization chamber. The reconstruction technique 
has the advantage of not requiring previous knowledge of the accelerator composition and 
geometry. 
 
Initially the input file considered just a monoenergetic beam so it was adopted an explicit 
value, e.g., 4 MeV. Through the information and probability cards (SIn and SPn respectively) 
it was possible to define an energy distribution, i.e. an energy spectrum. 
 
Figure 2 shows an illustrative source input used to defines the energy 
distribution in MCNP4C. The values defined in line 2 with the information card relative to 
the source (SI3) represent an energy grid that defines the bins a histogram. The line 3 
represents the statistical weights relative to each bin that was described in line 2. The energy 
beam distribution is achieved when the differences between the simulated and experimental 
PDP’s was reduces to the minimum. 
 
Thus such weights are obtained empirically with successive trials and errors. In 
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the MCNP code one must specify with the Fn card the needed information that the code must 
tally. 
 
For this work the tally used to calculate the absorbed doses was the *F8. This tally calculates 
the deposited energy by electrons, providing a response in MeV/history. 
 

 

 
 

Figure 2. Fragment that examples a source input according the MCNP syntax. 
 

2.1.1. Radial Profile 
 
For the second part of the beam characterization it was performed the radial profile 
measurements. The radial profiles for both energies were drawn following the same 
methodology and experimental configuration as show the Figure 1. The ionization chamber 
was wrapped by solid water and acrylic cards as seen in Figure 3. The detector was fixed in 
the maximum dose position then the accelerator table was horizontally shifted. It was used a 
rule and lasers beam to guide the table from -5 cm to +5 cm regarding to the starting point. 
The measures occurred every 2 cm except the last point that shifted only 1 cm.   
 

 

 
 

Figure 3. a) Experimental arrangement to measure the radial profile of Clinac 2100C for 4 
MeV and 9 MeV beams. b) The displacement guidance system. 
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The simulation geometry for the radial profile measure was represented by 
planes and ellipsoids. Each ellipsoid was settled at the plane of detachment as shown 
in Figure 4. 
 
 

 
Figure 4. Geometry used to reconstruct the spatial distribution of 4 MeV 

and 9 MeV electrons beams available by the linear accelerator of Botucatu. 
 
The input file used by the MCNP4C code began initially using a homogeneous spatial 
distribution in all incidence site, i.e., the beam has an uniform flux throughout the 10 cm 
x 10 cm field. How it was considered that the intensities were equal in every point of 
irradiation site there were not significant differences between the experimental and 
simulated profiles. 
 
Through the energy probabilities card (SIn), it was designed the beam spatial distribution so 
it was created flux subdivisions among the incidence surface. This process takes place until 
achieving a simulated result close to the experimental one. 
 
Such intensity weights are also obtained empirically with successive trials and 
errors. Figure 5 shows an input fragment used to reconstruct the source spatial distribution. 

 

 
Figure 5.  Fragment that examples a source input according the MCNP syntax. This section is 

used to define the source spatial distribution. 
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3. RESULTS 

 
 

3.1 Reconstruction Spectrum : Axial Part 

After plotting the PDPs it was  possible to perform the reconstructions of the spectra with  
MCNP4C. The simulated spectra of  4 MeV,  presented a  energy distribution between 0 to 
4.2 MeV, divided into regions with different intensities, as shown in Figure 6. As for  the 
simulated spectra of 9 MeV, can be seen in Figure 7, presented a distribution between 0 to 9.8 
MeV. 

 

 
Figure 6.  Reconstructed spectrum of electron clinical beam of 4 MeV in MCNP4C 

 
 

 
 
 

Figure 7.  Reconstructed spectrum of electron clinical beam of 9 MeV in MCNP4C 
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The 8a figure shows the curve of  depth dose percentage obtained experimentally with 
electron beam of 4 MeV and comparison with the curve obtained after reconstruction of the 
energy spectrum obtained with the simulations in the MCNP4C. Figure 8b shows the 
percentage difference (error%) between the curve obtained experimentally versus simulated 
to energy  of 4 MeV is observed that the two curves presented the same behavior. 
 

 
 
Figure 8 – a) Comparison between PDP obtained from the ionization chamber versus   
simulated  after energy spectrum reconstructed for energy of 4 MeV b) percentage difference 
between the PDP curve obtained experimentally versus simulated PDP in the MCNP4C to the 
energy of 4 MeV.  
 
 
The uncertainty of the experimental curve is estimated at 2% at all points. Already the 
uncertainties of MCNP simulations of  varies for each point, and   in the point more deep the 
uncertainty is larger, the points less deep the uncertainty is less than 1%. 
Figure 8b shows that the percentage difference between simulated and experimental points is 
greater in the deeper points. There is  percentage difference a greater  to depths greater than 
or equal to 1.50 cm, however, to these depths are less than 30% of the maximum dose. 
The graph of the percentage difference shows as the estimated uncertainty is quantitatively 
satisfactory, since over two thirds of the data are within the estimated uncertainty. 
As for a comparative analysis of the energy spectrum of 9 MeV experimental and 
reconstructed it can be seen in Figure 9a, the two curves also show the same behavior 
The experimental uncertainties are the same experiment with 4 MeV, 2%. 
By analyzing the graph of the percentage difference, Figure 9b, note that the percentage 
difference between the experimentally observed value and simulated value is within 1% at 
most points. 
From the depth of 4.2 cm, which is the depth of the practical range of the electron beam of 9 
MeV, the percentage difference increased. However, from that depth, no longer part of the 
region of interest. 
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Figure 9  a) Comparison between PDP obtained from the ionization chamber versus   
simulated  after energy spectrum reconstructed for energy of 9 MeV b) percentage difference 
between the PDP curve obtained experimentally versus simulated PDP in the MCNP4C to the 
energy of 9 MeV.  
 
It can be noticed through the figures 8 and 9 an excellent agreement of results, showing that 
the spectra of the energy source were to adequately reconstructed in the axial part of the 
distribution. 
 
3.2  Reconstruction  Spectrum: Radial Part 
 
The reconstruction of spatial distributions of beams of 4 MeV and 9 MeV in MCNP,  were 
obtained from experimental measurements radial of  beams. 
For characterization of the radial part  of the  beams of 4 MeV and 9 MeV, initially, we used 
a homogeneous distribution in all regions. The simulated results were compared with 
experimental measurements and the subdivisions, as well as their intensities, were adjusted 
until achieving a simulated result near to the experimental. 
It was divided the radiation field in square regions, as shown in Figure 10. So it was 
considered three concentric squares. For each region was assigned weight that represents the 
intensity in that region. The square that corresponds to the region of area A1, for example, 
has 10 cm sides and has a weight of 0.017475, the area A2 corresponds to the region between 
A1 and A3, has weight 0.59417 and so on such that the sum of the weights equals 1. 
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Figure 10 - Geometric characterization of the radiation field with  three regions with  weights 

different 
 

Tables 1 and 2 shows the values of the weights and the dimensions obtained after some 
simulations MCNP4C for electron beams of 4 MeV and 9 MeV for the field size 10 cm x 10 
cm 
 
Table 1. Values of the dimensions of each region of the radiation field and their weights 
obtained by MCNP4C to 4 MeV beam. 

Area Dimensions (cm) weigths 

A1 10 0,017475 

A2 9 0,59417 

A3 7 0,38835 
 
 
Table 2. Values of the dimensions of each region of the radiation field and their weights 
obtained by MCNP4C to 9 MeV beam.  

Area Dimensions (cm) weigths 

A1 10 0,15075
3 

A2 9 0,01172
5 

A3 9 0,83752
0 
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Figures 11 and 12, are shown the radial profiles reconstructed for energies of 4 MeV and 9 
MeV in the depths of maximum dose for each beam and the experimental profiles. 

 
 

 
Figure 11 -  curves  radial profiles of the  obtained experimentally and reconstructed  with 

MCNP for of 4 MeV beam of the depth of maximum dose of the beam. 
 

 
Figure 12 -  Curves  radial profiles of the  obtained experimentally and reconstructed  with 

MCNP for of 9 MeV beam of the depth of maximum dose of the beam. 
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It is observed that the simulated radial profiles after spatial reconstruction is 
aproximadamelly of the experimental radial profiles showing a good agreement with each 
other. The uncertainties of the experimental curves are estimated at 2% at all points, since the 
uncertainties of the MCNP simulations are within 1%. The percentage differences between 
the curves are between 0% and 4% in most points, and at the end of the radial profiles there 
was observed the higher differences. 
 

 
4. CONCLUSIONS  

 
Characterization of electron beams of 4 MeV and 9 MeV linear accelerator HC / UNESP-
Botucatu were characterized at the axial and radial part , both experimentally as  in the code 
MCNP4C. The results of these characterizations of the beams in MCNP4C based on the 
methodology of the reconstruction spectrum, which showed an excellent agreement between 
the experimental curves and curves obtained by the MCNP simulations, showing that the 
spectra both in the axial and radial part been properly reconstructed. 
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