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ESTIMATION OF ACCURACY AT DETERMINATION OF ELECTRON ENERGY
BASED ON TWO PARAMETRIC MODEL OF ELECTRON BEAM

Accuracy of computational method for determining the energy of electron radiation, which was developed
on the basis of two parametric electron beam models, is estimated for case when the electron source in the radiation-
technological process has an energy spread. Accuracy is estimated with numerical methods using the electron
spectra measured in different operating modes of the radiation-technological line.
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OLIHKA TOYHOCTI BU3HAYEHHSA EHEP}"Ii EJIEKTPOHHOI'O BUITPOMIHIOBAHHS HA
OCHOBI JBOITAPAMETPUYHOI MO/JIEJI EJIEKTPOHHOI'O ITYYKA

Oyinioembcsl NOXUOKA 0OUUCTIOBANLHO20 MEMOOY GUSHAYEHHS eHepeii eNeKMPOHHO20 GUNPOMIHIOBAHHS,
AKull 6y8 po3pobieHuli Ha OCHOBI 08ONAPAMEMPUYHOI MOOeNi eleKMPOHHO20 NYYKA, Ol BURAOKY, KOIU OXcepeno
e1eKMPOHI8 8 padiayiliHo-mexHON02IYHOMY Npoyeci Mae enepeemuynuti po3kuo. Iloxubka oyiHOEMbCA YUCETLHUMU
Memooamu i3 BUKOPUCMAHHAM CHeKmpI8 eleKmpOHie, GUMIDAHUX 8 DI3HUX pexcumax pobomu padiayiiHo-
MexXHONI0214HOI IHII.

Knouogi cnosa: napamempuuna mooensb eleKmpoHHo20 NY4Ka, CHeKmp eneKmponie, enubuHHull po3nooin
003u.
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OIIEHKA TOYHOCTHU ONPEJAEJEHUA SHEPTUH 3JIEKTPOHHOI'O U3JIYYEHHUA HA OCHOBE
JIBYXITAPAMETPHYECKOMW MOJEJHU JIEKTPOHHOTI'O ITYUKA

Oyenusaemcs nozpeutHocmy GbIHUCTUMENLHO20 MemOoO0a ONpeoeNieHus dHepeUU INeKMPOHHO20 UZTYYEeHUs,
Komopulii Obll paspaboman Ha OCHOGe O8YXNAPAMEMPUUECKOU MOOeNU INEeKMPOHHO20 NYUKa, OIS CIy4as, Koz2od
UCMOYHUK ~ 2NeKMPOHO8 8 pPAOUAYUOHHO-NEXHONIOSUYECKOM —Hnpoyecce uMeem dHepeemuueckuii  pazopoc.
Toepewnocmy oyeHu8aemcs HUCICHHLIMU MEMOoOaMU ¢ UCNONb308AHUEM CHEKMPO8 INEKMPOHO8, USMEPEHHBIX 6
PA3TUYHBIX PeHCUMax pabomul paouayuoHHO-MeXHON02ULeCKOU TUHUU.

Knrouesvie cnosa: napamempuueckas moO0enb — 3NeKMPOHHO20 NYYKA, CHEKMp I1eKMPOHOS, 2TyOUHHOe
pacnpeodeneHue 003bl.

The problem formulation
At present, a large volume of products undergoes radiation treatment using electron beams [1]. At planning

stage, the choice of optimal regime of the radiation-technological process can be performed on basis of computer
modeling of the dose distribution of electron radiation in the objects undergoing processing [2,3]. At the stage of
realization of the chosen mode of technological process, dosimetry methods of ionizing radiation are needed, which
allow to determine with high accuracy the energy of electron radiation source in the process of radiation treatment.
Certainly, today, there are methods and equipment capable of determining the characteristics of electron radiation
with high accuracy. However, these methods are designed to solve scientific research problems and, as a rule,
cannot be used to control the processes of irradiation in radiation technologies. Therefore, development of methods
that allow with high accuracy to determine the electron beam energy of source is an actual task for realization of
radiation technologies.

123



BICHHK XHTY MNe3(62), 2017 p., TOM 2 MATEMATHYHE MOJAE/TIOBAHHA ®I3BUYHUX 1
TEXHOJIOI'TYHUX ITPOLECIB I TEXHIYHUX CHCTEM

Analysis of recent investigations and publications
Influence of the energy spread of electron beam on the depth dose distribution was studied in [4]. To describe
the energy spread of electrons, it was used the model of electron spectra in form of a triangular probability
distribution. The depth distribution of the dose of electron radiation in an aluminum target was simulated by the
Monte Carlo method in a detailed physical model using RT-Office software [5]. Obtained results of computer
simulation were processed with standard computational methods of dosimetry electron radiation, which are used in
processing the results of measurements of depth dose distributions performed by the dosimetric wedge or stack

method [6]. The results of numerical studies show that the practical range of electrons Rp depends strongly on the
energy spread of electrons and weakly correlates with the value of the most probable electron energy Ep for
asymmetric electron spectra. Relatively the depths of half dose reduction R, it was shown that a correlation is

observed between this value and the average electron energy in the beam E ,,, even for large values of the electron
energy spread.

Thus, when the source of electrons has an energy spread, for dosimetry of electron radiation, along with the
traditionally used value of the practical range of electrons Rp, the depth of half-reduction of the dose is

important R, . In this connection, the method of dosimetry of electron radiation based on two parametric electron

beam models [7] is of interest, using which one can simultaneously determine Rp and R, - standard characteristics

of depth distributions of the electron radiation dose. It should be note that the main assumption that ensures
agreement of the results obtained using this method with the results obtained on the basis of standard procedures for
processing measurements, is the possibility of approximating the measurements results in a semi-empirical model
of the depth distribution of the dose of monoenergetic electron radiation.

Since electron sources in radiation-technological processes can differ substantially from monoenergetic ones, it

is necessary to estimates accuracy in determining the standard characteristics of the electron-beam energy obtained
with method proposed in [7] for the cases when the electron sources have the energy spread.

Formulation of research objective
Accuracy of the computational method for determining the energy of electron radiation based on two parametric

electron beam models, which was previously proposed and tested on the results of measurements, was studied.
Accuracy was estimated by numerical methods using a set of electron spectra measured in various operating modes
of the radiation-technological line of the Sterilization Center of the Institute of Nuclear Chemistry and Technology
in Warsaw.

The errors in the method for determining of electron radiation energy in the presence of an electrons
energy spread

The depth distribution of the electron radiation dose in case of a non-monoenergetic electron beam can be
represented in the form

D, (x) = @eETXDM (x,E)-S(E)dE )

E min
Here D,, (X) - depth-dose distribution of electrons radiation in the material M, D,, (X, E) - depth-dose
distribution in the material at irradiation with mono-energetic electron beam with fluency @, =1 and energy

electrons E, S(E) - electron beam spectrum, @, - electron fluency.

The main assumption of the two parametric model of the electron beam is fact that the results of
measurements of the depth dose distributions of electron radiation can be well approximated by a function

D:,l (x, Xos Eo) that depends only on the distance X to the target boundary and contains three free parameters
(g, X, E)
Dy (X, X4, E) =@ - Dy (x+ X, Ep) 2
®d,, - scale factor, X, - displacement and E, - effective energy of electrons.
At that the approximating function is superimposed on the condition, that provide the law of conservation of

energy th transferred by the electron radiation to the target material in the depth interval from X t0 Xnax-

X max

Qtot = J.DIT/I (Xlxo’Eo)dX (€))

X min
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The energy Q,,, transferred to the target material by electron radiation is determined on the basis of the dose

distribution measured in the target in the depth interval from X, t0 Xax.
X max

Qu = | Dy (x)dx
X min
Condition (3) allows us to determine two independent parameters (XO, EO) of the approximating function by

the method of least squares. In this case, the scale factor can be determined from equation
X max

Qut =Py J‘DM (x+ Xo’Eo)dX 4)
X min
Thus, the use of condition (3) makes it possible to realize a conservative computational method [8] for
determining the values of three free parameters of function (2) on the basis of two parametric electron beam models.
Software that implements the procedures for determining the parameters of the electron beam model from the
measurement results is described in [9].
To estimate accuracy of the method for calculating the characteristics of the radiation energy, in the presence

of an energy spread of electrons, the electron spectrum S(E) of the radiation source was used. Based on the

electron spectrum, the depth dose distributions of electron radiation in an aluminum target are simulated by the
Monte Carlo method [5]. The results of computer modeling assume as the results of measurements of deep dose
distributions performed by the method of dosimetric wedge or stack, and processed with standard methods of
dosimetry of electron radiation [6]. Accuracy of values were obtained as values of the deviations of the results of

calculating the practical ranges of electrons Rpand the depths of the half-reduction of the dose R.,, calculated

using standard methods [6] and a method based on two parametric electron beam models [7].

Spectra of electrons from a radiation source

To estimate accuracy of the method for calculating the characteristics of radiation energy, we used the electron
beam spectra from the linear electron accelerator Elektronika 10/10 with electron beam energy of 10 MeV at
Institute of Nuclear Chemistry and Technology, Warsaw, Poland. The spectra of electrons are shown in Fig.1.
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Fig. 1. Spectra of electrons S(E) for different accelerator parameters (S: — magnetron RF source average current: 600 mA; pulse
current of electron gun: 400 mA, and respectively: S, — 700 mA; 500 mA, S; —550 mA; 300 mA)

Characteristics of spectra: Ep - is the maximum possible electron energy, E,, - average electron energy,

D - dispersion of the energy distribution of electrons, o - root-mean-square deviation of electron energy (energy
spread of electrons) calculated from the data presented in Figure 1 are shown in Table 1. In the figure, vertical
dashed curves indicate values for each of the spectra.

As can be seen from the Fig. 1 - the spectra of electron beam 1 and 3 are asymmetric; the spectrum 2 is
close to the symmetric one. The indicator of asymmetry can be the relative deviation of the average electron energy

from the maximum probable electron energy. Ko =(E, —E, )/ E,, .
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Table 1
Characteristics of spectra from the source of electrons radiation
Spectrum | E_,[MeV] | E, ,[MeV] | D [Mev?] | O.[MeV] | o/E,,, [%] Ko [%]
S3 8.30 8.01 0.17 0.41 5.14 3.62
S, 8.80 8.72 0.05 0.23 2.59 0.92
S, 9.30 8.79 0.46 0.68 7.75 5.78

As follows from the Table 1, the value of asymmetry index K, for the spectrum of S, ,is much smaller

than the values for the spectra S; and S;

The depth-dose distribution of electron radiation in an aluminum target

The depth-dose distribution of electron radiation in an aluminum target was simulated by the Monte Carlo
method in a detailed physical model using RT-Office software [5]. Figure 2 shows the results of calculations for
sources with different electron spectra.
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Fig. 2. Depth-dose distributions of the electron radiation in an aluminum target. Histogram D, - calculation of the dose for the
source of electrons with the spectrum Sy, D, - spectrum of the source S,, and D3 - spectrum of the source Ss.

Note, that for the spectra of S, and Sj, all characteristics given in Table 1 differ greatly except for the
quantities E 5, . As can be seen in Fig. 2, the depth distributions of dose D, and D5 from electron sources with these

spectra differ insignificantly. Otherwise, when characteristics of the spectra differ significantly (for example, for
spectra S, and S3), the differences in depth distributions of the dose D, and D3 can be significant (see D, and D3 in
Fig. 2). Furthermore, we note, that difference in characteristic values for the spectra of S1 and S2 and for the
spectra of S, and Sj is close (about 0.5 MeV). However, this difference in values of the characteristics does not
lead to significant differences in depth distributions of the dose D, and D3 (electron sources with spectra S, and
S3). These facts confirm the conclusions of paper [4] about more important role of the spectrum characteristic

E 5, With respect to the characteristic E jin estimation of depth distributions of the electron radiation dose, in
presence of an electron energy spread.

Processing results of computer modeling the depth-dose distributions

The results of computer simulation were processed with a method that was developed on the basis of two

parametric electron beam models [7] and standard computational methods for radiation dosimetry [6]. The results of
processing the depth dose distribution from sources with different electron spectra are presented in Table 2.
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Table 2
Characteristics of the depth dose distributions, calculated using two parametric electron beam model (R;, Rso) and
standard methods (R, R 50) of electron radiation dosimetry.

Dose | E, Xo R, Rso | R, [ R's
D, [801][-0006] 161 | 1.26 |1.60]1.25
D, [866] 0007 [ 175 | 1.37 [173[1.37
D, |897[-0091] 178 | 139 [1.77]1.38

As follows from a comparison of the practical range of electrons and the half-dose reduction depths presented
in Table 2, accuracy of computational method, which was developed on the basis of two parametric electron beam
models, does not exceed 1% relative to standard methods.

Results and conclusions
It is shown in the paper, that use of a computational method, developed on the basis of two parametric models
of an electron beam, makes it possible to determine, with a small relative error, the energy characteristics of not
monoenergetic electron radiation. The proposed computational method for dosimetry of electron radiation can be
successfully applied also in the case of sufficiently large (<10%) energy spread of electrons in the beam.
An important advantage of the method is the ability, in a consistent calculation scheme, to determine
simultaneously two standard characteristics of electrons depth dose distributions, such as the practical range of

electrons Rpand the depth at which the dose equals half of the maximum dose R.,. The relative error in

calculating these characteristics does not exceed 1%.

In the future, it is necessary to study the possibilities of using two parametric electron beam model for
processing special data samples from a set of results of measurements of deep dose distributions made using the
dosimetric wedge or stack methods. Such possibilities of computational method will make it possible to eliminate
errors in the results of measurements that arise due to edge effects in construction of the dosimeter wedge and
nonlinear response of dosimetric film to transferred energy of the electron radiation.
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