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The work is devoted to studying the possibility of using a two-parametric model of an electron beam to describe
the depth distributions of the electron dose in materials with a low density and an effective atomic number. In this
model, the parameters are determined by fitting the semi-empirical model (PFSEM-method) to the results of meas-
urements of the depth-dose distribution in a dosimetric wedge. The depth-dose distributions in a birchwood wedge
were measured at the Institute of Nuclear Chemistry and Technology in Warsaw, Poland. The parameters of the
electron beam incident on the wedge were determined by the PFSEM method. The Monte Carlo simulations of the
depth-dose distribution in the wedge for the process of electron irradiation, the characteristics of which are deter-
mined by the PFSEM method, have been carried out. It is shown that there is a satisfactory agreement between the
measurement results and the Monte Carlo simulation of the depth-dose distribution. The advantages of describing
depth-dose distributions in a wedge based on a two-parametric model of an electron beam in comparison with tradi-

tional methods of polynomial approximation of measurement results are discussed.

PACS: 87.53.Bn

INTRODUCTION

The practical use of a dosimetric wedge in radiation
technologies is regulated by international standards,
which define the procedures for measuring the depth
distribution of the dose in the wedge, methods for pro-
cessing the measurements and interpreting the results of
processing measurements [1, 2]. The standards propose
to determine the most probable energy Er and the aver-
age energy Ea, of electrons in the beam using the
dosimetric wedge method. These characteristics of elec-
trons in a beam are widely used to control the stability
of the electron radiation flux in radiation-technological
processes. However, the characteristics of electron radi-
ation obtained using a standard dosimetric wedge, in
some cases, are unsuitable for describing the spatial
distribution of the dose in irradiated objects. Indeed, the
spatial distribution of the dose substantially depends on
the density and the effective atomic number of the mate-
rials of the irradiated objects. As a rule, during radiation
sterilization of medical devices and foodstuffs, the den-
sity and effective atomic number of materials of irradi-
ated objects are several times lower than for aluminum,
on the basis of which a standard dosimetric wedge is
made. In addition, for materials with low density, the
spatial distribution of the dose in the irradiated objects
depends significantly on the angular distribution of elec-
trons in the beam. Therefore, for the further develop-
ment of radiation technologies, dosimetric wedges cre-
ated on the basis of materials with low density and ef-
fective atomic number are of interest.

A modern method for determining the characteristics
of electron radiation is based on measurements of the
depth distribution of the dose in a dosimetric wedge and
using the parametric fitting method of the semi-
empirical model (PFSEM method) [3 - 5]. This method
has proven itself well in radiation sterilization technolo-
gies in which aluminum dosimetric wedges are used [6 -
9]. In connection with the above, an urgent scientific
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and practical task is to test the PFSEM method using the
results of measurements in dosimetric wedges created
from materials with low density and effective atomic
number.

Therefore, for the further development of radiation
technologies, dosimetric wedges created on the basis of
materials with low density and effective atomic number
are of interest, which was carried out at the radiation
sterilization line of the Institute of Nuclear Chemistry
and Technology in Warsaw, Poland [10]. The ad-
vantages of describing depth dose distributions in a
wedge on the basis of a semiempirical model with pa-
rameters calculated by the PFSEM method in compari-
son with traditional methods of polynomial approxima-
tion of measurement results are discussed.

1. DEPTH-DOSE CURVE OF ELECTRON
RADIATION IN A BIRCH WEDGE

Measurements of the depth-dose curve of electron
radiation were carried out using dosimetric films located
in a wedge made of birch wood. The characteristics of
the wedge are as follows:

- density of birch wood: 0.536 glcm®;

- effective atomic number: 6.28;

- effective atomic weight: 11.86;

- dimensions: 12.5x46.5x45.5 cm;

- slope factor: 0.265.

The method of irradiation and processing of
dosimetric films is described in [6, 7].

The measurement results are shown in Fig. 1. The
dose value D(x) is normalized to the calculated dose
value D(0) on the wedge surface onto which the elec-
tron beam falls. The depth in the wedge X is indicated in
standard mass units of length [g/cm?]. The vertical
dashed lines indicate the boundaries of the depth regions
that are used in the radiation sterilization process. Mark
X indicates the depth range that is used for single-sided
irradiation and X, for double-sided irradiation. For com-
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parison, in Fig. 1 shows the depth-dose curve of elec-
trons in the birch wedge, calculated using a semi-
empirical model [5], the parameters of which were de-
termined by the PFSEM method.
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Fig. 1. Dose distribution by depth in a wedge of birch.
Points — results of measurements, a continuous curve —
approximation of measurements by the PFSEM method

When characterizing electron radiation by the
PFSEM method, the absolute values of the measured
dose are not used and, therefore, the method error is
determined only by the reproducibility of measurement.
Estimates of the reproducibility standard deviation of
measurements 4 were made on the basis of calculating
the standard deviation of the dose values measured on
the first Dy(x;) and second D,(x;) dosimetry films, for
each of the recorded depths x;. For the areas of depths
defined by marks X; and X,, the estimates of the root-
mean-square measurement errors are close and do not
exceed values of 2%. As seen from Fig. 1, the error in
approximating the measurement results using the
PFSEM method is comparable to the error in the meas-
urements

2. PROCESSING OF MEASUREMENT
RESULTS BY USING THE PARAMETRIC
FITTING METHOD OF THE SEMI-
EMPIRICAL MODEL

The processing of the results of dose measurements
on two dosimetric films by the PFSEM method was
carried out. For each of the films, using the PFSEM
method, the model parameters of the electron beam of
the radiation sterilization line, corresponding to the
measurement results, were calculated. Model parame-
ters of the electron beam calculated from the measure-
ment data for the first Ex; and the second EXx, films are
presented in Table. The line Av_Ex shows the model
parameters of the electron beam obtained for the aver-
aged data from these two measurements.

The results of fitting the parameters
of the semi-empirical model of the depth distribution
of the dose of electron beam to the measurement results

E, Eo Xo

[MeV] [MeV] [o/cm’]
Ex 8.67 8.71 0.016
Ex, 8.7 8.82 0.056
Av_Ex 8.69 8.77 0.037
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As can be seen from Table and Fig. 1, the model pa-
rameter of the displacement Xq is small in comparison
with the depths and the use of dose distributions in radi-
ation technologies. This indicates the correct choice of
the starting point when processing the depth distribution
of the dose on the films. Note, that there is a small dif-
ference in the model energy parameters for the one-
parameter fit E; and two-parameter fit E, of the data
obtained in these two measurements.

The test results of the PFSEM method are illustrated
in Fig. 2. In the figure, the dots show the values of the
dose distribution averaged over two measurements. The
solid curve is an approximation of the averaged values
of the dose distribution using the PFSEM method and
computer visualization of the semi-empirical model of
the depth distribution of the absorbed energy of an elec-
tron beam in matter [5]. Histogram — calculation using
the ModeRTL software module of the RT-Office system
[11] in accordance with the values of the characteristics
of electron radiation E, = 8.77 and X, = 0.037 deter-
mined by the PFSEM method (see Table 1) within the
framework of the two-parameter model of the electron
beam [7].
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Fig. 2. Comparison of measurement and calculation
results using the PFSEM method. Points —average
depth distribution of the dose over two measurement

results, a continuous curve —approximation of meas-

urements by the PFSEM method, histogram —calcula-
tion using ModeRTL module of the RT-Office system

As seen in Fig. 2 satisfactory agreement:

- between the measurement values and the calcula-
tion results, using a computer visualization of a semi-
empirical model [5] of the depth dose distribution in a
wedge of birch wood irradiated with an electron beam,
the parameters of which were determined by the
PFSEM method;

- between the measurement values and the calcula-
tion results, using Monte Carlo simulation [11] of the
depth dose distribution in a wedge of birch wood irradi-
ated with an electron beam, the parameters of which
were determined by the PFSEM method.

3. POLYNOMIAL APPROXIMATION
OF MEASUREMENT RESULTS

A numerical study of the possibilities of determining
the dependences of the depth dose distribution on the
basis of traditional methods of polynomial approxima-
tion of the measurement results was carried out. Some
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results of the numerical study of the polynomial approx-
imation of measurements of the depth distributions of
the electron radiation dose in a wedge made of birch
wood are shown in Figs. 3 and 4.

As can be find in Fig. 3 the dashed curve is the ap-
proximation by a polynomial of the 2nd degree, the
dashed-dotted curve is the approximation by the poly-
nomial of the 3rd degree and the dashed curve is the
approximation by the polynomial of the 4th degree. Sol-
id curve according approximation by the PFSEM meth-
od.
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Fig. 3. Comparison of approximations of measurement
results by polynomials of different degrees
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Fig. 4. Comparison of approximations of measurement
results by degree 3 polynomials and using the PFSEM
method. Points — measurement results, continuous
curves —approximation by polynomials of degree 3,
a dashed curve— approximation of measurements
by the PFSEM method

According to that:

- the results of measurements of dose distributions in
the depth ranges (0-X;) and (0-X,) cannot be approxi-
mated by polynomials below the 3rd degree with an
accuracy comparable to the accuracy of the measure-
ments;

- polynomial approximation of measurement results
cannot provide correct extrapolation to determine the
dose value on the wedge surface, on which the electron
beam falls.

0 1 2 3

CONCLUSIONS

Comparison of the depth dose distributions obtained
as a result of measurements and calculations based on
the parameters of the electron beam determined by the
using the parametric fitting method of the semi-
empirical modelallows us to draw the following conclu-
sions:
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- the error in approximating the results of measure-
ments of the depth dose distribution in a birch wood
dosimetric wedge, made by the PFSEM method, is
comparable to the error in the measurements;

- there is satisfactory agreement between the results
of measurements and Monte Carlo calculation of the
depth distribution of the dose of electron radiation, the
characteristics of which were determined by the PFSEM
method,;

- in the depth ranges of practical interest, approxima-
tion of the results of measurements of the depth distri-
bution of the dose by polynomials above the 3rd degree
allows us to describe the depth distribution of the dose
with an accuracy comparable to the accuracy of the
measurements;

- the approximation of the results of measurements
of the depth dose distribution performed by the PFSEM
method coincides with the accuracy comparable with
the accuracy of the polynomial approximation of these
measurement results.

Thus, the using the parametric fitting method of the
semi-empirical model allows one to satisfactorily de-
scribe the results of measurements of depth dose distri-
butions using only two characteristics of the electron
beam, in contrast to the polynomial approximation for
which at least four formal parameters are required.
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JABYXITAPAMETPUYECKAS MOAEJIb TYYKA JJISI JOSUMETPUHU TIPOLECCA
JIEKTPOHHOTI'O OBJIYYEHUSA MATEPHUAJIOB C MAJIBIMHU IIVIOTHOCTBIO
U ATOMHBIM HOMEPOM

B.T. Jlazypux., B.M. Jlaszypux, I'. Ilonos, 3. 3umex

Pabora mocBsiIeHa UCCIIEIOBAHUIO BO3MOKHOCTH HCIIOJIB30BAHUS JBYXIIAPAMETPHICCKONH MOJICIH IEKTPOHHO-
TO My4YKa Ui ONMUCAHWS PACIPENEICHUS 03Bl JICKTPOHOB IO TIIyOMHE B MaTepHaNaXx ¢ HU3KOW IUIOTHOCTBIO H
3((eKTUBHBIM aTOMHBEIM HOMepOM. B 3TO# Mojenu mapaMeTpsl ONMpeesssioTCs IMyTeM MOATOHKH TOIyIMITHpHY e-
ckoit mozmenu (PFSEM-meron) Kk pe3yibraTaM M3MEPEHHUI paclpeeieHus 036l [0 MIyOUHE B HO3UMETPHUCCKOM
kiuHe. Pacripenenenue no3sl 1o TiyOHHE B KIIMHE M3 Oepe30BOii APeBECUHBI ObLIO U3MEPEHO B MIHCTUTYTE siAepHOM
XMMMHU U TexHonorui B Bapmase, ITonpma. ITapaMeTpsl nafaroomero Ha KiIuH 3J1€KTPOHHOIO IIy4YKa ONPEACIsINCh
metogoM PFSEM. Ilposeneno monenupoBanue MerogoM Monre-Kapro pacmpeneneHus 10361 110 TITyOHHE B KIHHE
JUTSI TIpoliecca AJIEKTPOHHOTO O0IYUYEeHHUsI, XapaKTePUCTHKH KOTOporo onpezaeneHsl Metogom PFSEM. [Tokaszano, uto
CYILECTBYET yJOBJIETBOPUTEIBHOE COIVIACUE MEXKIY Pe3yIbTaTaMU U3MEPEHUN U MOJIEIUPOBAHUEM METOI0M MOH-
Te-Kapo pacmpenenernus mo3el mo riryomHe. OOCYXIAr0OTCS MPEUMYIIECTBA OMUCAHUS PACHpEHeNICHHs J03bI IO
ryOWHE B KIIMHE HAa OCHOBE IBYXIAPAMETPUICCKOH MOJENH AIEKTPOHHOTO ITydYKa MO CPAaBHEHHUIO C TPaTUIIHOHHBI-
MU METOJaMH MOJIMHOMHUAIBHOMN alpOKCUMALUH Pe3yIbTaTOB U3MEPEHUM.

JIBOMAPAMETPUYHA MOJIEJIb ITYUKA JIJISI JO3UMETPII ITIPOLIECY EJJEKTPOHHOI'O
OIMPOMIHEHHSA MATEPIAJIIB 3 HU3bKUMMH INIVIBHICTIO I ATOMHUM HOMEPOM

B.T. Jlazypuk, B.M. Jlazypuk, I. Ilonos, 3. 3umex

Pobora npucBsiueHa A0CIiHKEHHIO MOXIIMBOCTI BUKOPHCTAHHS JBOIIApAMETPUYHOT MOJIEJ €IeKTPOHHOTO ITy4YKa
JUTSL OTIHCY PO3IIONLTY J03U ENEKTPOHIB IO TIHOMHI B MaTepialaX 3 HU3bKOIO IIITBHICTIO 1 €EeKTHBHUM aTOMHHM
HOMepoM. VY TIiif MOJIelTi TapaMeTpH BU3HAYAIOTHCS IIUISIXOM MIATOHKH HamiBeMItipuaHoi Moneni (PFSEM-meron) mo
pe3yabTaTIiB BUMIPIOBaHb PO3IMOILTY J03HU O TJIHOUHI B JO3UMETPHYHOMY KIIMHI. PO3MOALT 1034 MO TIHOUHI B KIIH-
Hi 3 Oepe30Boi nepeBrHM Oyno BUMIpsiHO B IHCTUTYTI siaepHOT XiMii Ta TexHounoriit B Bapmasi, [Tonbia. [Tapamerpu
Majarydoro Ha KIWH eJNEKTPOHHOTO Mydyka Bu3Hadamucs metojgoM PFSEM. IlpoBeneHo MojentOBaHHS METOJIOM
Monre-Kapino po3noniny g03u 10 MIMOWHI B KIIMHI JUIs TPOLECY €JIEKTPOHHOI'O ONPOMIHEHHS, XapaKTEePUCTUKU
skoro BuzHadeHi merogom PFSEM. Ioka3zaHo, 110 icHye 3rojja Mi pe3yJibTaTaMy BUMIPIOBaHb 1 MOJICIIIOBAaHHSIM
metonioM Monre-Kapio posnoziny 103u no rimouHi. OGroBOpIOIOTHCS EpeBard OMKUCY PO3MNOALTY 03U M0 MIHOH-
Hi B KIIMHI Ha OCHOBI JBOMIApaMETPUYHOI MOETI €NEKTPOHHOTO IyYKa B MOPIBHSHHI 3 TPAAUIIHHIMU METOIAMHU
MOJIMHOMHAJIBHON arpoKcUMalii pe3ybTaTiB BUMipIOBaHb.

ISSN 1562-6016. BAHT. 2021. Ne6(136) 37



