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The paper presents the results of modelling the predicted yields of 2%2Th photofission products initiated by
bremsstrahlung photons in the first-chance energy region on the M-30 microtron electron accelerator. The GEANT4
toolkit was used to calculate the characteristics of bremsstrahlung photon beams, taking into account the technical
characteristics of the M-30 microtron and the parameters of the photofission stimulation schemes. The yields of 232Th
photofission products at fixed excitation energies were calculated using the Monte Carlo code GEF. The results of the
simulations will make it possible to optimise experimental investigations of the yields of 222Th photofission products

on the M-30 microtron.
PACS: 24.75.+1, 25.85.-w, 25.85.Ec, 25.85. Ca

INTRODUCTION

Product (fragment) yields are among the principal
parameters characterising the actinide fission process [1].
One of the promising directions in the study of fission is
the investigation of product yields under photon
irradiation, since the interaction of gamma quanta with
nuclei is purely electromagnetic, which simplifies the
interpretation of the results obtained and makes it
possible to draw practically unambiguous conclusions
regarding the role of the effects under investigation [2].

Information on the yields of 2%2Th photofission
products is of particular interest for both experimental
and theoretical studies, because this nucleus lies on the
boundary between pre-actinides and light actinides [3].
However, the experimental data currently available on
the yields of 22Th photofission products do not satisfy
present needs either for the development of model
concepts or for applied uses, including the development
of next-generation power systems such as fast-neutron
reactors (the 232Th-2%U fuel cycle), accelerator-driven
reactors (controlled subcritical systems), methods for
producing nuclear beams with an excess of neutrons, and
non-destructive methods of isotopic analysis of fertile
nuclear materials [3, 4]. It should be noted that existing
experimental values of 2*2Th photofission product yields
obtained by similar methods differ from one another even
at close excitation energies [3, 5]. Therefore, their
investigation remains an important task.

Since experimental studies of the yields of actinide
photofission products are costly and time-consuming,
nuclear Monte Carlo codes are widely used to predict
them [6].

The aim of the present work was to model, that is, to
predict using nuclear Monte Carlo codes, the yields of
232Th photofission products on the electron accelerator of
the Institute of Electron Physics of the NAS of Ukraine,
namely the M-30 microtron.

1. MATERIALS AND METHODS

The nuclear Monte Carlo code GEF was used to
calculate the yields of 22Th photofission products. This
code is widely used to solve applied problems in nuclear
engineering [7-9]. It should be noted that the GEF code
provides reliable predictions of product yields for fissile
nuclei for which no experimental data are available [10].
Version GEF 2025/1.3 was used for the simulations [11].
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Fig. 2 shows a screenshot of the programme'’s simulation-
parameter input panel.
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Fig. 1. Screenshot of the GEF simulation-parameter
input panel [11]

The input data required to implement the GEF code
are the average excitation energies (E*) of the fissile
actinides, in our case 2%2Th*, which are calculated using
formula (1) [12]:

E* = Z?=1 Eio'(Ei‘Ey max)AEU'f(Ei)

Yty 0(EpEy max)AEcf(Ey) '
where o(Ei, E; ma) is the number of bremsstrahlung
photons with energy E; produced by an electron, and
of(Ei) is the value of the cross section of the #2Th
photofission reaction as a function of the energy Ei [13].

The energy spectrum of bremsstrahlung photons
o(Ei, Eymax) Wwas calculated using a programme
developed with GEANT4 10.7 class libraries [14]. To
calculate the energy spectra of the photons that
stimulated the 22Th photofission reaction, that is, those
interacting with the experimental sample, a programme
was developed in C++ using the GEANT4 class library.
The input parameters used in the modelling reproduced
the technical characteristics of the M-30 microtron,
specifically the electron beam extraction unit in air
[15, 16], and the irradiation geometry of the experimental
sample.




The calculations were carried out for the following
scheme of stimulation of the 22Th photofission reaction
on the M-30 microtron electron accelerator, shown in
Fig. 1: (1) electron beam extraction unit in air;
(2) titanium window of the extraction unit (elliptical
shape, axis dimensions 22 mm and 6 mm, thickness
50 um); (3) tantalum converter (rectangular plate
measuring 100x50 mm, thickness 1 mm); and (4) 232Th
sample (disc of radius 6 mm and thickness 2 pm).
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Fig. 2. Irradiation scheme of the 232Th sample

2. RESULTS

Fig. 3 shows the simulated energy spectra of
bremsstrahlung photons in the energy range from 6 to
18 MeV, which stimulated the 2%2Th photofission
reaction and were used to calculate the average excitation
energies of the fissile nuclei 232Th* [12]. The same figure
also presents the cross section of the 22Th(y,f) reaction
[13].
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Fig. 3. Energy spectra of bremsstrahlung photons and
the cross section of the 22Th(y,f) reaction [16]

Fig. 4 shows the dependence of the average excitation
energy of the fissile nucleus 2%Th* on the
bremsstrahlung photon endpoint energy for the energy
range from 6 to 18 MeV. The average excitation energies
vary from 5 to 12.2 MeV.

Fig. 5 presents the predicted yields of 2Z2Th
photofission products for the energy range from 5 to
12.2 MeV, obtained from simulations using the nuclear
Monte Carlo codes GEANT4 [14] and GEF [11]. For
comparison, Fig. 6 presents the simulated product-yield
values for the 2%2Th photofission fissile nucleus at E* =
7 MeV together with existing experimental data at close
excitation energies [12, 17]. The simulation results are in
agreement with the available data within the uncertainties
of the experimental studies.

12

E*, MeV
o

16,0 12,5
Ee, MeV

7.5

15,0

17,5

Fig. 4. Energy spectra of bremsstrahlung photons and
the cross section of the 2%2Th(y,f) reaction
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Fig. 5. Predicted yields of 2*2Th photofission products
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Fig. 6. Predicted yields of 232Th photofission products

CONCLUSIONS

The use of the nuclear Monte Carlo codes GEANT4
and GEF made it possible to predict the yields of 232Th
photofission products initiated by bremsstrahlung
photons on the M-30 microtron electron accelerator,
taking into account its technical characteristics and the
irradiation geometry.

The proposed calculation approach may be used to
optimise the determination of photofission product yields
on electron accelerators while taking into account their
technical characteristics and irradiation schemes.

The present work was carried out within the
framework of the topic “Implementation of simulation
technologies into experimental studies of photofission of
the 232Th nucleus”, state registration No. 0126U002601.
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MOHTE-KAPJIO-MOJEJIOBAHHS BUXOIB ITPOAYKTIB ®OTOMOALIY *2Th
HA MIKPOTPOHI M-30

B.B. Iluckau, €.B. Oneiinixos, 1.B. llununuyuneys, I .M. I'omonaii, O.1. JIenoen, O.0. Ilapnaz

ITpencTaBiieHo pe3yJbTaTH MOJEIIOBaHbL NPOrHO30BAHUX BUXOMIB MPoAykTiB (ortononiny 2*2Th ininioBaHux
rajJpbMiBHUMHU (OoTOHAMH (00J1aCTh €Hepriil MepIIoro IMaHCy) Ha eJIeKTPOHHOMY MPUCKOpIoBadi — MikpoTpoHi M-30.
Jis po3paxyHKiB XapaKTEPHCTHK IIyYKiB TaJbMiBHHUX (DOTOHIB, 3 BpaxyBaHHSAM TEXHIYHHX XapaKTEPHUCTHK
MikpoTpoHy M-30 Ta mapaMmeTpiB cxXxeM CTHMYJAIil peakmii (OTOMOIiTy, BUKOPHUCTOBYBABCSA IHCTPYyMEHTapii
GEANT4. Buxoau npoaykris ¢otonominy 2**Th npu (ikcoBaHHX eHeprisx 30y KeHHs po3paxoByBaaucss MoHTe-
Kapno xonom — GEF. Pesynbrati mpoBeieHNX MOJIETIOBAaHb JI03BOJISATh ONTUMI3YBaTH HPOLEC EKCIIEPHUMEHTAIBHIX
JIOCITiJKEHb BUXOJIB MPOAyKTiB (oTonoxiny 2*2Th na mikporponi M-30.
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