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The paper presents the results of modelling the characteristics of particle fluxes (e, v, n) formed by double-layer
targets (Ta + C, Ta + Al, Ta + Pb) on the M-30 microtron electron accelerator, including energy spectra, integral
values, and transverse distributions in the plane of potential sample placement perpendicular to the electron beam axis.
Calculations performed using the GEANT4 toolkit took into account the technical characteristics of the M-30
microtron. The modelling results enable optimisation of radiation-resistance research on structural nuclear materials
exposed to particle fluxes (e, v, n) on the M-30 microtron. This approach may also be used to predict the characteristics
of particle fluxes (e, y, n) on different types of electron accelerators and to optimise irradiation schemes for

experimental samples.
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INTRODUCTION

Electron accelerators (linear accelerators and
microtrons) are widely used in the study of radiation
phenomena in materials and of the effects of electron (e),
photon (y), and neutron (n) radiation on their properties
[1-6]. Their use makes it possible to obtain mixed e, y, n
beams with continuous energy spectra and different
particle ratios. For example, this allows one to simulate
the radiation fields of nuclear reactors when studying the
radiation resistance of structural materials to different
types of particles (e, y, n) [2, 3].

To form mixed-particle beams on electron
accelerators with predetermined e, v, n ratios that interact
with the experimental samples under study, double-layer
targets are used. These targets are composed of materials
with differing nuclear-physical characteristics, such as
tantalum (Ta), reactor graphite (C), aluminium (Al), and
lead (Pb) [7]. When investigating the influence of mixed
particle beams (e, y, n) on the properties of the materials
under study, as complete and reliable information as
possible is required on their spectral characteristics
(energy spectra), integral characteristics, and transverse
distributions in the plane of potential placement of the
experimental samples.

It should be noted that the characteristics of mixed
particle beams (e, vy, n) interacting with the materials
under study are substantially affected by the technical
characteristics of electron accelerators, namely the
design features of electron beam extraction units, which
differ considerably for different accelerator types [8, 9],
as well as by the geometric factors of the irradiation
schemes.

This paper presents the results of Monte Carlo
modelling of the characteristics of the component fluxes
(energy spectra, their integral values, and transverse
distributions in the plane of potential sample placement)
of the beam constituents (e, v, n) formed by double-layer
targets (Ta + C, Ta + Al, Ta + Pb) on the electron
accelerator of the Institute of Electron Physics of the

NAS of Ukraine, namely the M-30 microtron, taking its
technical characteristics into account.

1. MATERIALS AND METHODS

To model the characteristics of particle fluxes (e, vy,
and n) in beams generated on the M-30 microtron
electron accelerator, including their energy spectra,
integral values, and transverse distributions in the plane
of potential placement of experimental samples, the
nuclear Monte Carlo code GEANT4 [10-12] was used.
The GEANT4 toolkit made it possible to calculate the
characteristics of the beam components (e, vy, n) under
conditions as close as possible to the real conditions of
their formation, taking into account the design features of
the electron extraction unit of the M-30 microtron and the
irradiation schemes of the experimental samples [13].

Calculations of the characteristics of particle fluxes
(e, v, and n) in the beam generated by tantalum and by
three combinations of double-layer converter targets with
component materials Ta + C, Ta + Al, and Ta + Pb were
carried out for an initial electron energy of 17.5 MeV.
The scheme for which the calculations were performed is
shown in Fig. 1: (1) electron beam extraction unit;
(2) titanium window of the extraction unit (shape: ellipse,
dimensions 22 x 6 mm, thickness 50 pm); (3) Ta layer
(plate dimensions 40 x 50 mm, thickness 1 mm); (4) C,
Al, or Pb layer (discs 20 mm in diameter and 180 mm in
height), (5) experimental sample.

During the simulations, all particles (e, v, n) reaching
the potential plane of placement of the experimental
samples (1000 x 1000 mm), perpendicular to the axis of
the primary electron beam, as well as the samples
themselves (diameter 11.2 mm), were recorded. The
calculated energy spectra of the particles (e, y, n) and
their integral values were normalised to one primary
electron. On the basis of the modelling results,
probability maps of the transverse distributions of
photons and residual electrons in the planes where the
experimental samples were placed were produced.
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Fig. 1. Irradiation scheme for experimental samples

2. RESULTS

As a result of the modelling, the characteristics of the
beam components (e, y, and n) generated by Ta and by
the double-layer targets (Ta + C, Ta + Al, and Ta + Pb)
were calculated both in the plane of potential placement
of the samples under study and on the samples
themselves.

For illustration, Fig. 2 presents the energy spectra of
particles in the sample-placement plane: (a) electrons,
(b) bremsstrahlung photons, and (c) neutrons.

The obtained particle energy spectra in the plane of
the potential placement of the samples under study and
on the samples themselves were used to determine their
integral values (Tables 1 and 2, respectively). It should
be noted that the calculation statistics for an initial flux
of 10E8 electrons did not make it possible to determine
the values for photoneutrons on the samples themselves.

Table 1
Integral values of electron, bremsstrahlung photon,
and neutron fluxes in the plane of placement of the
samples under study

Particles Ta Ta+C Ta+ Al Ta+Pb
e 0.945 0.761 0.4415 0.019
Y 1.304 1.738 2.04505 1.029
n 2.89E-5 2.19E-5 2.92E-5 4.18E-4
Table 2

Integral values of electron, bremsstrahlung photon,
and neutron fluxes that interacted with the samples
under study

Particles Ta Ta+C Ta+ Al Ta+Pb

e 7.75E-3 | 4.92E-3 2.08E-3 | 1,78E-4

Y 4.5E-2 404E-2 | 395E-2 | 3.11E-2
The obtained results reproduce the general

regularities of bremsstrahlung photon (e — 7y) and
neutron (¢ — n; e — y — n) generation by electrons in
the specified materials (Ta, Ta+ C, Ta + Al, Ta + Pb), as
well as the transport of particles (e, y, n) within them
[7, 15, 16].

Fig. 3 presents the transverse distributions of
(a) electrons and (b) photons in the plane of placement of
the samples under study for Ta and for the double-layer
targets Ta + C, Ta + Al, and Ta + Pb.

The total number of electrons reaching the sample-
placement plane for the above target combinations is
7.7T7E5, 5.22E5, 2.45E5, and 7.04E3, respectively. Of
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their total number, 19.8, 18.4, 16.6, and 15.4% reach the
sample, respectively. Similarly, the total number of
photons reaching the sample-placement plane for the
above target combinations is 1.89E6, 1.99E6, 2.09ES6,
and 8.26E5, respectively. Of their total number, 55.82,
48.89, 45.92, and 41.42% reach the sample, respectively.
The modelling results indicate that using these target
combinations enables beams with different particle
ratios. In addition, the results obtained are required to
optimise the dimensions of the samples under study in the
plane of placement.
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Fig. 2. Energy spectra of particles in the plane of
potential placement of the samples under study
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Fig. 3. Transverse distributions of electrons
and bremsstrahlung photons in the plane
of placement of the samples under study

CONCLUSIONS

The obtained results are required to form mixed
particle fluxes (e, y, n) with predetermined beam
parameters using double-layer targets on the M-30
microtron when conducting experimental studies of
radiation phenomena in materials and investigating the
influence of radiation fields on their characteristics.

This approach may be used to develop irradiation
schemes for materials across different types of electron
accelerators and to predict the characteristics of mixed-
particle beams.

The present work was carried out within the
framework of the topic “Modelling the characteristics of
mixed gamma-neutron fields for studying the parameters
of radiation resistance of structural nuclear materials”,
state registration No. 0126U002294.
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MOJEJIOBAHHSA XAPAKTEPUCTHUK IIOTOKIB e, v, n-YACTHHOK,
CO®OPMOBAHUX JBOITAPOBUMMU MIIIEHSIMHA HA MIKPOTPOHI M-30
JJIA AAEPHUX 3ACTOCYBAHB

LB. llununuuneuys, €.B. Oneinnikos, B.B. Iluckau, I1.B. Asopcovkuii, I M. I'omonaii, O.0. Ilapnaz

[IpencraBneHo pe3ynbTaTH MOJENIOBAHHS XapaKTEPUCTHK (E€HEPreTWYHi CHEKTPH, IHTErpajbHI 3HAYCHHS,
TIOTIePEYHI PO3MOIUIH Y IDIOMIMHI MIOTEHIIFHOTO BCTAHOBJICHHS 3Pa3KiB MEPIICHANKYISIPHIA OCi ITyYKa eJIeKTPOHIB)
MTOTOKIB YacTHHOK (e, ¥, n), copmoBaHux AsomrapoBumu MmimeHsmu (Ta + C, Ta + Al, Ta + Pb) na enexrpoHHOMY
npuckoproBadi — Mikpotpori M-30. IIpm mpoBemeHHI po3paxyHKiB 3a momomoroio iHctpymenta GEANT4
BPaxOBYBAIUCS TEXHIYHI XapaKTEPHCTUKU MiKpoTpoHa M-30. Pe3ynbpraTi MOACIIOBaHHS 103BOJSIOTh ONTUMI3yBaTH
TIpoIiec AOCIHIHKEHHS padiallifHol CTIHKOCTI KOHCTPYKTUBHUX SACPHUX MaTepialiB 0 MOTOKIB YaCTHHOK (e, Y, n) Ha
MikpoTpoHi M-30. Takuii miaxin Moxe OyTH BUKOPUCTAHUH JJIS MPOTHO3YBAHHS XapaKTEPUCTHK MOTOKIB YaCTHHOK
(e, v, n) HA PI3HUX THIAX EJEKTPOHHHUX IPUCKOPIOBAUIB Ta ONTHUMI3allii CXeM ONpPOMIHEHHS €KCIEePHUMEHTAIBHUX
3pasKiB.
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