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The obtained values of most probable energy and practical range have been compared to values calculated according to the
formula proposed by the internationally recognized documents. The presented results of the study are focused on the issue of
the influence of electron beam energy spread on the depth dose distribution and practical range of electron beam in the
irradiated material. The computational experiments have been performed using the Monte-Carlo simulation method for
modeling the electron beam energy spectra and depth dose distributions of electrons in aluminum target. Obtained values of
most probable energy E,and practical range R, have been compared to the values calculated according to formula proposed by
the internationally recognized report. The value of a practical range of electrons R, strongly depends on electron beam energy
spread, even in case when value of most probable energy E, of electrons in the beam is unchanged. Results of computer
experiments show that in case of a large energy spread, and presence of asymmetry of electron energy distribution, the
electrons energy can’t be determined properly by empirical formulas included to the international standards.
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3MiHHM €HEepreTHYHOro PO3MOALTY €IEKTPOHHOTO ITy4YKa MAaroTh NEBHUH BIUIMB Ha TEXHIKO-CKOHOMIYHI MapaMeTpH oOpoOKH
BUIIPOMIHIOBAHHAM O00'€éMHHX IoJiMepHUX mHpucTpoiB. lllomeHHa BiATBOPIOBAHICTH PO3MOALTY €HEpril ENEeKTPOHIB MOXKe
MOTIPIIMTHCSA 3 KUTBKOX PI3HUX NPUYMH, TaKUX SK MOTaHa SKICTh EKCIUTyaTalii, BIUIMB 30BHIIIHBOI TeMIepaTypd Ha
nmapamMeTpy MPUCKOPIOBaya, ciabka abo moraHa SKicTh KOMIIOHEHTIB, BiIIIOBiIaNbHUX 32 MPOIEC NPUCKOPEHHS ENEKTPOHIB.
Crix TakoX 3ayBaKUTH, IO B JAHWH Yac, PO3MOMALT €HEprii eIeKTPOHHOTO MyYKa Ha PamialiifHO-TEXHOJOTIYHHX JIiHIsIX, HE
BUMIpIOETECS. TOMy, IPOBECHHS JOCIIIKECHBb BILIMBY PO3IMOIUTY €HEpTii eIEKTPOHHOTO MyYKa Ha PO3MOALI MMOUHHHX 103 B
ONPOMIHEHOMY TIPOAYKTI € aKTYaJIbHOI HAayKOBO-IIPAaKTUYHOIO 3ajadelo MIoN0 pafjialiiHuX TexHoiyorid. Haseneno
pe3yabTaTH JOCIHIUKEHHS, IPHCBSIYCHI INUTAHHIO BIUIMBY EHEPreTUYHOTO PO3MOALTY IIydKa eJIEKTPOHIB Ha PO3MOALT
MIMOMHHMX 703 1 MPaKTHYHOTO MPOOITy eNEeKTPOHHOro ITydKa B ONPOMiHEHOMY Matepiani. OTpuMaHi 3Ha4eHHS HaHOLIbII
HMOBIpHOT1 €Heprii eJeKTpOHHOro mHydka E, Ta mpakTmdHOro mpoOiry enekTpoHiB R, mHOpiBHIOBANM 3i 3HAYEHHSAMH,
po3paxoBaHMMH 32 (OPMYJIOI0, 3alpONOHOBAHOK Yy MDKHApOTHHX cTaHgapTax. OOYHCIIOBaJIbHI EKCIEPHUMEHTU
BUKOHYBAJINCS 3 BUKOPHUCTaHHSAM MeToAay MoHTe-Kapno mpu MozentoBaHHI CIEKTPIB €IEKTPOHHOTO IMyYKa Ta TITHOMHHUX
PO3MOJINIB 103 €IEKTPOHIB B alOMiHIEBMX MillleHsAX. 3HAYECHHS NPAKTUYHOIO MPOOITy €NeKTPOHIB R, CHIIBHO 3a/eXKUTh Bif
€HEPreTHYHOTO PO3MOJiTy €IEeKTPOHHOIO IyYKa HaBiTh Y BHINAnKy, KOJNHM 3HA4eHHs HaWOinbm HMoBipHOi eneprii E,
SJIEKTPOHIB B My4Ky He3MiHHO. [IpoBemeHa cepis KOMITIOTEPHUX EKCIEPHUMEHTIB 3 BUSBICHHS BIUIMBY acHMeTpil
€HEePreTHYHOr0 PO3IMOJTY €IEeKTPOHHOTO IMydYka Ha PO3MOALT IJIMOWHHUX 103. Pe3ynbTaTH KOMITIOTEPHUX EKCIEePHMEHTIB
MOKa3yloTh, II0 B pa3i BEIUKOTO PO3KHJIY EHeprii eNeKTPOHIB B IMy4YKYy Ta HasBHOCTI acHMeTpii B po3moniii eHeprii
€JICKTPOHIB, CTaHIAPTHI XapaKTEePUCTHKU EHEPTisl eJEeKTPOHIB HE MOXYThb OYTH BH3HAUCHi 3a JOIMOMOTOI0 EeMITIPHYHUX
CHIBBiTHOIIEHB, TPEACTABICHUX B MIXKHAPOTHHUX CTAHIAPTAX.

Knrouosi cnosa: mooenosanns 3a memodom Monme-Kapno, 00uuciioganvHi excnepumenmu, MoOemo8ants po3noodiny enepeii
nyuKa, po3nooin 2ubuHHUX 003, 00podKa padiayicero.

Tomyuennsle 3HadeHHs Hanboiee BEPOATHOM IHEPTUH HIEKTPOHOB B IMyYKE M IPAKTHUECKOTO Tpodera 3NIEKTPOHOB OBLIH
COMOCTAaBICHBl C 3HAYEHWSMH, PACCUNTAHHBIMH 10 (OpPMyJIaM, TNPEIOKEHHBIM B MEXIYyHapOAHBIX CTaHAApTax.
IIpencraBieHsl pe3yabTaThl UCCIIENOBAHNI BIMSHHS pa3dpoca SHEPTHH >IEKTPOHHOTO IMydka Ha paclpeleneHue TITyOHHHOM’
JI03BI ¥ BENMYMHBI MPAKTUYECKOTO MpoOera 3MEKTPOHOB B OOIydaeMOM MaTepHase. BEMHCIHTENbHBIE 3KCIHEPUMEHTHI 110
MOJICIIMPOBAHMIO IHEPreTHYECKUX CIIEKTPOB JJIEKTPOHHOTO Iy4YKa M paCHpeNeNIeHUH 03Bl DJIEKTPOHOB IO IIIyOHMHE B
TIOMUHHMEBOM MHIIEHH TPOBOAWIINCH C HCHOJb30BaHMeM MeTona MonTte-Kapno. IlomyueHHble 3HaueHus Haumbolee
BEPOATHOH 3Heprun E, 31eKTPOHOB M NPAaKTHYECKOTO Mpo0Oera 371eKTPOHOB R, COMOCTaBIEHb! ¢ 3HAYEHUAMHM, PACCUHTAHHBIMH
no ¢GopmynaM MPeANOKXEeHHBIM B MEXIyHAPOJHBIX CTaHJApTaX. 3HaueHHe MPaKTHYECKOro Mpobera 3MeKTpoHOB R, cuibHO
3aBUCHT OT pa3bpoca SHEPTHMH JJIEKTPOHHOIO My4Ka, JaXke B TOM Cllydae, KOrja 3HauyeHue Hanbosee BepoATHOH sHepruu E,
SNIEKTPOHOB B ITydKe HE M3MEHsSeTCs. Pe3ynbTaTsl KOMITBIOTEPHBIX JKCIIEPUMEHTOB IOKa3bIBAIOT, YTO B CIIydae OONBIIOrO
pa3bpoca PHEPrUM >JIEKTPOHOB B IyYKe M HAIMYMSA ACHMMETPHH B PACIpeleleHHN SHEPIHU 3JIEKTPOHOB, CTaHIAPTHEIE
XapaKTePUCTHKU DHEPTHS JIIEKTPOHOB HE MOTYT OBITh ONpeJeleHbl C MOMOINBI0 3MIHMPHYECKHX COOTHOIIEHHH,
MPE/ICTAaBICHHBIX B MEXIyHaPOIHBIX CTaHJApTaX.

Knrwouesvie cnosa: mooenuposarue memooom Monme-Kapno, eviuuciumenvuvle 9KCnepuMeHmbl, MOOEIUPOBAHUE
pacnpedeneruil SHepeuU nyyKa, pacnpeoeierue 003vl no 2iyoute, 00padomKa usydeHueMm.

1. Introduction
Electron beam energy spread variation may have some influence on technical and economical
parameters of radiation processing of bulk polymer devices. High energy electron accelerators powered
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by magnetron type of RF source are frequently used in radiation sterilization process [1]. Such device
implementation in accelerator may lead to relatively high instability of electron energy and electron
energy spread [2]. As an example, Fig.1 shows spectra of electrons in electron beam accelerator in
Warsaw, Poland [3].

S(E)

1.5 4

0.5 A

6 7 8 9 10 E

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, Sz —550 mA;
300 mA)

Day-to-day reproducibility of electron energy and energy spread may be deteriorated by several
different reasons like bad quality exploitation, influence of outside temperature on accelerator
parameters, weak or bad quality components responsible for electron accelerating process. It should be
also noticed that electron beam energy spread is not currently measured in radiation facilities.

The variation of electron energy spread in sterilization facility was investigated with application of
computational method for determination of e-beam energy on the base of two-parametric fitting depth
dose distribution curve [4.5]. Method can effectively consider electron energy spread value influence on
experimental data obtained by the use of aluminum wedge with a continuous polymer strip of dosimetry
film [6]. The total effect corresponds to energy losses in accelerator output window, distance between
window and irradiated material surface and initial energy spread of electron beam. The e-beam energy
losses due to window and air presence are constant for certain electron energy level and specific
geometry of irradiation zone. Those energy losses can be estimated on the base of existing literature
data [7]. Therefore initial e-beam energy spread and its variation can be evaluated by processing the
depth dose distribution data connected to R, (practical range) measurements by two-parametric fitting
method. The practical range R, is defined as the depth where extrapolated straight line plotted through
the steepest section of electron depth dose curve meets the depth. It should be noticed that influence of
electron energy spread on conditions of radiation processing were investigated experimentally long time
ago [2]. The following conclusions were formulated: information about the energy spectrum of electron
beam is necessary for proper general description but it is less essential for the given radiation
installation. The presence of energy spectrum in electron beam can change intensity of the scanned
electron beam, what should be considered by suitable arrangement of a beam scanning device.

Paper objective is related to investigating the influence of e-beam energy spread on the depth
dose distribution within an irradiated product. The following investigation methods have been applied:

o Computational experiments with e-beams of different spectra; selection of mathematical models of
the e-beam spectra and determining the sets of spectrum for performing the numerical
investigations;

e Modeling the depth dose distribution of electron radiation in an aluminum target with Monte-Carlo
method based on detailed physical model covered by RT-Office software [8];

e Processing of computer experiments results with standard methods, that is used in the electron

radiation dosimetry with techniques of dosimetry wedge;
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e Procedures described in “Radiation dosimetry: electron beams with energies between 1 and 50
MeV” [7, 9];

e Comparison results of the computer experiments to identify the characteristics dose distributions
dependency from the model parameters of the e-beam spectra.

2. Models of the energy spread of electrons used in the numerical investigations
The depth dose distribution initiated by e-beam with energy spread in aluminum has been
investigated. Dose distribution can be described by the formula:

E max
D,, (X) = jS(E)-DM (x, E)dE (1)
E min
Where: S(E) - electron beam energy spectrum,
D,, (x) — depth dose distribution of electrons radiation in material M,

D, (X,E)— depth dose distribution in material M irradiated by monoenergetic electron beam with

energy E.

The numerical studies have been performed for which uniform and triangular probabilities of energy
distribution have been used to describe the spectrum of electrons. The spectrum of the model with
uniform distribution of the electron energy has been defined by two parameters: E, (minimum) and
Emax(maximum) value of the energy of electrons within the beam. The spectrum in the model of the
triangular distribution of electron energies has been defined by three parameters: Eni, and Eqx as in the
previous case and E, the most probable value of the electrons energy in the beam. The most probably
energy E, is defined as an energy at which electron energy spectrum curve has the maximum. Physical
guantities with the stochastic nature, such as the electrons spectrum or the angular distribution of the
electrons (the terms of probability theory) have been used for description. For example, when the
electron energy in the beam is a random variable, the energy spread of the electrons (the term in physics
electron spectrum) describes the density function of the random variable probability. Herewith, the
value E, is called the mode of the probability density of a random variable.

The notation S(Enmin, Emax) has been introduced for describing the model spectra of uniform electron
energy distribution. The notation S(Emin, Ep, Emax) has been applied for the triple parameters,
describing the triangle distribution of electron energy spectrum. According to the abovementioned
notations, the expression S(10,10) or S(10,10,10) describes a mono-energetic electron beam with
energy 10 MeV energy in the model of uniform or triangular electron energy distribution in the beam.

As an example, Fig.2 shows electron spectra for uniform and triangular models of the electron
energy distribution in the beam. The dashed curve shows the spectrum of electrons in a symmetrical
pattern of the triangular electron energy distribution. Examples of entries symmetric S(6,8,10) and
asymmetric S(6,10,10) spectra of electrons in the beam can be noticed.

S(E)

0.50 +

Emin Ep Emax

Fig. 2. Models of the electron beam spectrum: uniform and triangular distributions of the electron energy.
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The ratios for the mean value M (&) and variance D?(&) of the random variable & having a
uniform probability distribution:

M(g):(Emm +Emax)/2 (2)
D2(§) = (Emax - Emin)2 /12 @)
For a triangular probability distribution:
M(é:):(Emin+Ep+Emax)/3 (4)
Dz(g) - ((Efim + E; t Eriax)_(Emin ' Ep + Ep ' Ernax + Emin ’ Emax ))/18 (5)

3. Computer experiments

The first series of computer experiments have been performed for studying possibility of calculating
the most probable energy of electrons beam E, with using the value of practical range R, of electrons [7,
9]. The value of practical range R, of the electrons has been determined by measuring the depth dose
distribution results in a standard dosimetry device (aluminum dosimetry wedge). Determining the value
of the most probable electron energy E, in this particular model is out of interest, since the triangle
electron energy distribution of the beam defines its value (Fig. 2).

A set of model spectra of electrons has been selected with different energy spread for performing the
numerical experiments with the fixed (the same) most probable energy of the electrons in the beam
E,= 10 MeV. Fig.3 presents examples of the spectra in this set.

r 1.0
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Fig. 3. Electrons spectra in the model of triangular distribution the electrons energy with different energy spread,
but with fixed the most probably energy of the electrons in the beam (E,=10 MeV)

Table 1.Parameters and integral characteristics of the model distributions of electron energy E in beam.

Name S(a,b,c) M (E) D?(E) o(E)
SO (10,10,10) 10.00 0.000 0.000
s1 (8,10,10) 9.33 0.222 0.471
S2 (7,10,10) 9.00 0.500 0.707
S3 (4,10,10) 8.00 2.000 1.414
S4 (1,10,10) 7.00 4.500 2.121
S5 (6,10,10) 8.67 0.889 0.943
S6 (2,10,10) 7.33 3.556 1.886

Table 1 show the main integrated characteristics of the model spectra of electrons which have been
used for the first series of numerical experiments. The column “Name” contains the Ssymbols spectrum
instance, column “S(a, b, ¢)” model parameters, “M(E)” (mean values), “D?(E)” (dispersion) and

“o (E) ” (variance and standard deviation) of the electron energy distribution within the beam.
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Calculations of depth dose distributions of electron radiation in an aluminum target have been
performed according to Monte Carlo method according to detailed physical model applied at RT-Office
software [8]. Calculations have been performed with mono-energetic electrons beam (energy 10 MeV)
and electron beams with different energy spread, which are shown in Fig. 3 and presented in Table 1.
Some results calculations of the depth dose distributions of electron radiation are shown in Fig. 4.
Irradiation has been performed by mono-energetic electron beam (with energy 10 MeV) and electron
beams with different energy spread (spectra are shown in Fig. 3 with solid lines marked: 2, 3 and 4).

25 4 Dose, kGy

20

15 +

10 4

0

0 05 1 15 2
Depth, g/cm?

Fig. 4.Depth dose distributions in aluminum target irradiated by electron beams with different energy spread.

4. Results calculation and discussion

Fig.5 shows smooth curves, drawn through the middle of the histogram cell, shown at Fig. 4. The
points (open circles) in the middle of the histogram have been selected for the calculation of the
practical range R, of the electrons with the linear approximation method (lines passing through the
points). As it can be seen at Fig. 5 the depth dose distributions are strongly modified for different value
of by electrons energy spread within the beam. To assess the possibility of determination the most
probable energy of electrons E, on the basis of depth dose distribution data in the standard material
(aluminum), the value of practical range R, of electrons and the depth of half dose reduction Rs, have
been identified.

D(x)/D(0)

15 4

0.5

0

05 1 glem? 15 2

Fig. 5. Procedures for determination the practical range R, of the electrons for normalized depth dose
distributions curves.

Fig.5 illustrates procedures for determining the practical range R, of electrons and adequately the
depth of half dose reduction Rg,for normalized depth dose distributions. The data are related to the
energy spread distributions presented above and illustrate the change of practical range R, for selected
cases of the electron beam energy spread value. It can be seen from Fig. 5, that value of practical range

R, of electrons strongly depends on the energy spread of electron beam. It contradicts the statement,
presented in the international reports [7, 9], about a direct correlation between the value of the most
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probable energy of electrons E, and the value of practical range of electrons R,. The value of most
probable energy E, for all spectra presented in Fig. 3 is 10 MeV, but the values of practical range R, of
electrons are significantly different. In respect to that there is a principal question: for which case of the
energy spread the formulas are correct. This question is related to empirical relationships of electron
radiation dosimetry performed by using the aluminum wedge method:

E, =5.09-R, +0.2 )

E, =6.2-R 7)

The results of calculation values of practical range R, of electrons and depth of half-dose reduction

Rso in aluminum irradiated by electron beams of various spectra are shown in Table 2. The values of

most probably energy E*p and average electron beam energy E,:V have been calculated according to the
formulas (6) and (7) respectively.

Table 2. Practical range R, of electrons and depth of the half-dose reduction Rs in aluminum irradiated by
electron beams with different spectra (energy in [MeV], ranges in [cm]). E,=10MeV.

M (E) Rp Rso Ep Ea
SO | 10.00 |201]|1.61 | 10.46 | 9.98
S1 9.33 1.89 | 1.50 | 9.82 9.3
S2 9.00 183|144 | 949 | 893
S3 8.00 1731128 | 9.02 | 7.94
S4 7.00 168 | 1.18 | 8.77 | 7.32
S5 8.67 1.78 | 1.38 | 9.28 | 8.56

S6 7.33 169|122 | 878 | 7.56

Comparison of the most probable energy of electrons E,, for model distributions of electrons energy
E within the beam, with those obtained on basis of the standard depth dose distribution processing

procedures values E; leads to the conclusion, that for asymmetric electron beam spectra, the

recommendations presented in [7, 9] may not be correct. Comparison of the mean energy of
electrons M (E) , for the model of electron energy E distribution within the beam, with those obtained

on the basis of the standard depth dose distribution processing procedure, reveals that values of the
average energy of electrons in the beam E:\V shows their correlation, even for large values of the

relative standard deviations of the energy of electrons.

The conclusion formulated on the base of results obtained from series of computer experiments,
allows supposing that development of scientific bases and formation the recommendations on dosimetry
of electron radiation in the international reports have been performed using the model of energy
distributions of electrons with a small asymmetry. The high-power electron beams in practice have
widely and significantly asymmetrical energy distribution of electrons. Therefore first series of
computer experiments have been performed with the maximum asymmetric model distribution of
electron energy in the beam.

The second series of computer experiments has been devoted to study the influence of asymmetry of
electron beam energy spread on the depth dose distributions. At the same time, it has been considered
that the main changes in depth dose distribution are associated with change the value of average energy
of electrons within the beam having an energy spread.

Fig. 6 shows an example of a set of model spectra of electrons with a fixed value of the average
energy M (E) = 8 MeV, but different with symmetry (curves 1 and 2) and asymmetric (curve 3) spread

of energy relative to the average energy of the electrons.

Table 3 presents the main integrated characteristics of the model spectra of electrons that have been
used for second series of numerical experiments. It contains the integral characteristics of electron
spectra which correspond to the description given in Table 1.
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Fig. 6. The spectra of the electron beams with an average energy M (E) = 8 MeV. Curves 1 and 2 are
symmetric; curve 3 is asymmetric (energy spread of electrons, regarding average value of the electron energy).

Table 3. Parameters and integral characteristics of the model of the electron energy distribution in the beam.

Name S(a,b,c) M (E) D?(E) o(E)
S7 9,9 9.00 0.000 0.000
S2 (7,10,10) 9.00 0.500 0.707
S8 (8,9,10) 9.00 0.167 0.408
S9 (8,10) 9.00 0.333 0.577
S10 (8, 8) 8.00 0.000 0.000
S3 (4,10,10) 8.00 2.000 1.414
S11 (6, 8,10) 8.00 0.667 0.816
S12 (6,10) 8.00 1.333 1.155
S13 7.7 7.00 0.000 0.000
S4 (1,10,10) 7.00 4.500 2.121
S14 (4,7,10) 7.00 15 1.225
S15 (4,10) 7.00 3 1.732

The calculations of depth dose distributions after aluminum target electron irradiation have been
held by Monte Carlo method with application a detailed physical model of RT-Office software [8]. The
calculations have been performed with assumptions related to electron beams with different energy
spread. The electron beam parameters are presented in Table 3. Calculations results of depth dose
distributions of electron radiation in an Al target have been grouped by value of the average energy of
electrons in the beam M (E) . They are shown in Fig. 7.

The values D,, (x) of the depth dose distribution of electron radiation are normalized to maximum

dose D, in the target. The dashed curves are marked as the depth dose distribution in target irradiated

by mono-energetic electron beam (S7, S10, S13).

As it can be seen from Fig. 7, the depth distribution of electron radiation dose depends on dispersion
and asymmetry of the electron beam energy distribution. The results of calculating the values practical
range R, of electrons and the depth of half-dose reduction Rs, in aluminum for the second series of
computer experiments are given in Table 4. The practical range R, of electrons and the depth of half
dose reduction Rsy have been calculated according to the formulas (6) and (7). The values of the most

probable electron energy E; and average energy of electrons within the beam E",, are presented in
Table 4.
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M(E) = 9 MeV.
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M(E) = 8 MeV. M(E) = 7 MeV.

Fig. 7. Depth dose distribution of electron radiation in the aluminum target irradiated by electron beams with
different energy spread and average energy of the electrons M (E)

Table 4. Practical range R, of electrons and depth of the half-dose reduction Rs in aluminum irradiated
by electron beams with different spectra (energy in [MeV], ranges in Al in [cm]).

Name | E, | M(E) | R, | Ry | E; | EL

p p
S7 9.00 9.00 181 | 144 | 9.42 | 8.93
S2 10.00 9.00 1.83 | 1.44 | 9.49 | 8.93
S8 9.00 9.00 181 | 144 | 9.44 | 8.93
S9 -- 9.00 182 | 144 | 9.44 | 8.93
S10 8.00 8.00 161 | 1.26 | 8.38 | 7.81
S3 10.00 8.00 173 | 1.28 | 9.02 | 7.94
S11 8.00 8.00 163 | 1.29 | 851 | 8.00
S12 -- 8.00 167 | 1.26 | 8.72 | 7.81
S13 7.00 7.00 139 | 1.10 | 7.28 | 6.82
S4 10.00 7.00 168 | 1.18 | 8.77 | 7.32
S14 7.00 7.00 148 | 1.09 | 7.71 | 6.76
S15 -- 7.00 159 | 1.09 | 8.27 | 6.76

The assumption of symmetry of the electron energy distribution allows establishing a correlation
between the average energy of the electrons in the beam Ea, and a depth of half dose reduction Rs,. The
value Rs, corresponds to the point of intersection of the curves of depth depending on the dose with the
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dashed line shown in the figures. In the case of a large energy spread the presence of asymmetry in
electron energy distribution does not allow determining the average energy of the electrons in the beam,
using empirical formulas recommended in the international standards [7, 9]. To assess accuracy of

empirical dependence of the average energy E of electron beam calculated with the half depth dose
reduction Rs, range (equation (7)), one should take into account results of calculating the average
energy Ea, of electron beam with approximation proposed in [4]:

Ry, (E,,) =0.1691-E,, —0.0965 . (8)

Comparing the data within the columns “E,,,” and “ E,, ” allows estimating the errors of empirical

dependences of the average energy of electron beam on the depth of half dose reduction. The value
<4% can be achieved on the basis of estimates of the error of empirical formula which can be seen in
Table 5.

Table 5.Evaluation of the results of errors according to computer experiments.

Name M(E) E:\V EL Ap Ag
S7 9.00 8.93 9.09 0.16 0.07
S2 9.00 8.93 9.09 0.16 0.07
S8 9.00 8.93 9.09 0.16 0.07
S9 9.00 8.93 9.09 0.16 0.07
S10 8.00 7.81 8.02 0.21 0.19
S3 8.00 7.94 8.14 0.2 0.06
S11 8.00 8.00 8.20 0.2 0
S12 8.00 7.81 8.02 0.21 0.19
S13 7.00 6.82 7.08 0.26 0.18
S4 7.00 7.32 7.55 0.23 -0.32
S14 7.00 6.76 7.02 0.26 0.24
S15 7.00 6.76 7.02 0.26 0.24

*

A —distinction values of energy calculated with different empirical formulas A, =E,, —E,,

A —distinction values of energy calculated with standard empirical formula from the average value of
energy in the spectrumA, = M (E) - E,

Av !

5. Conclusions

The depth dose distribution can vary greatly with changing the energy spread of electrons within a
beam. The value of a practical range R, of electrons strongly depends on the energy spread of the
electron beam, even in the cases when the value of the most probable energy of the electrons in the
beam E, is unchanged. This contradiction result of computer experiments was revealed on the base of
the international technical reports for standards of electron radiation dosimetry based on measurements
of depth dose distributions with wedge or stack. The possible explanation of arisen contradictions is
proposed according to the results of numerical studies in the first part of this paper. We suggest that the
conclusions presented in [7] are based on the investigated cases where electron beams are characterized
by a small asymmetric energy spread distribution.

The series of computer experiments on identifying the influence of energy spread asymmetry of
electron beam on the depth dose distribution have been planned and performed. The results of computer
experiments show that in the case of a large energy spread, the presence of asymmetry in electron
energy distribution does not allow determining properly the energy of electrons by empirical formulas
recommended in the technical reports [7, 9].
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