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A computer model of the system for forming neutron fluxes at the output of a linear electron accelerator has been
developed in the Geant4 programming environment. The system for forming neutron fluxes consists of a monoener-
getic neutron source, a graphite reflector, a polyethylene moderator, lead protection and detector. With the help of
the model, a number of virtual experiments on 10’ primary neutrons were carried out for the energy range of the
neutron source from 0.1 to 1.1 MeV. The dependence of the ratio of the number of neutrons falling on the detector
with a reflector to the number of neutrons without a reflector is determined, on the energy of the neutron source.
Energy spectra of neutrons falling on the detector are determined. It was established that the graphite reflector not
only increases the number of particles falling on the detector, but also moderated the energy spectrum of neutrons.
The neutron background in the accelerator bunker when using a reflector decreases from 2 to 7 times, depending on

the energy of the neutron source.

PACS: 61.72.Cc, 61.80.Hg, 78.20.Ci, 87.80.+s, 87.90.+y, 07.05.Tp, 78.70.—g

INTRODUCTION

To carry out research in the field of fundamental and
applied nuclear physics, energy and nuclear medicine,
as well as to create a compact source of thermal and
epithermal neutrons based on the linear electron accel-
erator LUE-30 [1], a neutron flux generation system is
being developed. The main purpose of the neutron flux
formation system, on the one hand, is to equalize and
increase the neutron field in the irradiation zone of the
samples under study. On the other hand, the system for
generating neutron fluxes will reduce the flux of neu-
trons and gamma-quanta from the electron-neutron con-
verter to the environment, and thereby improve the radi-
ation background in the bunker and accelerator building.

The neutron flux generation system will be installed
at the output of the linear electron accelerator LUE-30.
It will consist of an electron-neutron converter, a neu-
tron reflector, lead shielding from the accompanying
gamma background around the reflector, a neutron de-
tector, lead shielding around the detector, and a poly-
ethylene box to obtain neutron fluxes of various ener-
gies. The system is quite compact, it will consist of sev-
eral parts, its linear dimensions will not exceed 60 cm,
so if necessary (experiment) it can be mounted within a
few hours. After conducting experiments using neutron
fluxes, this system is quickly dismantled so as not to
interfere with other studies.

The electron beam from the linear accelerator is led
through a hole in the lead shield and a graphite reflector
to a total absorption electron-neutron converter (four
tungsten plates 2 mm thick, one after the other). The
generated neutron flux, partially reflected, partially ab-
sorbed by the reflector, passes through the lead shield, is
insulated with a polyethylene box, and is recorded by a
neutron detector. The scheme of the system for the for-
mation of neutron fluxes is shown in Fig. 1.
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Fig. 1. Scheme of the system for the formation
of neutron fluxes

DESCRIPTION OF THE COMPUTER
MODEL OF THE SYSTEM FOR FORMING
NEUTRON FLUXES

In the work, a computer model of the system for
generating neutron fluxes at the output of a linear elec-
tron accelerator was developed in the Geant4 [2] envi-
ronment. The model includes a point isotropic neutron
source with an energy in the range of 0.1...1.1 MeV, a
graphite reflector with dimensions of 30x30x30 cm
with a working area in the form of a hemispherical
dome, the radius of which was 5 cm, a lead box 5 cm
thick, a polyethylene box 5 cm thick, a neutron detector
with an area of 100 cm®. This energy range of the neu-
tron source was taken because it is close to the energy
spectrum of a tungsten neutron converter. The working
zone of the reflector is chosen in the form of a hemi-
sphere, because, as shown in [3, 4], it is optimal for
many cases of neutron flux formation systems, in par-
ticular, for nuclear reactors. The radius of the working
zone of the neutron converter was taken to be 5 cm,
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because it is optimal for our system for generating neu-  detector increases, and the number of neutrons flying
tron fluxes and was used in a real experiment [5]. A into the hemisphere opposite to the neutron detector and
screenshot of the model is shown in Fig. 2. its lead shielding decreases significantly. As can be seen
from Fig. 3,a,b, these neutrons create the main part of
the neutron background in the accelerator bunker, since
part of the neutrons flying into the other hemisphere is
moderated and retained by the polyethylene box that
surrounds the neutron detector.

The dependence of the ratio of the number of neu-
trons with a reflector to the number of neutrons without
a reflector falling on the detector (reflection coefficient)
SRR on the energy of neutron source in the range of

Fig. 2. Computer model of the neutron flux generation ~ 0-1...1.1 MeV was determined. It is shown in Fig. 4.
system: 1 —Lead reflector shield; 2 — Graphite reflec-

tor; 3 —Neutron source; 4 — Polyethylene box;
5 — Lead detector shield; 6 — Neutron detector

OPERATION WITH THE COMPUTER
MODEL OF THE SYSTEM FOR FORMING
NEUTRON FLUXES

A number of virtual experiments on 10" primary 131
neutrons were carried out using a computer model of the
system for generating neutron fluxes. Visualization of
the computer model is shown in Fig. 3,a,b. 114

o]

K, Reflection coefficient
T .7
o
He
e
o]
o
Fod
o
Fod
Fe
Fe-

1
0.0 02 04 06 08 10 12
E, MeV

Fig. 4. Dependence of the reflection coefficient
on the energy of neutron source

In the work, the average statistical error was deter-
mined as the square root of the number of registered
events. The error is shown on the Fig. 4. It can be seen
from Fig. 4 that the efficiency of the graphite reflector
decreases with increasing energy of the neutron source.
This is due to the peculiarities of diffuse neutron scatter-
ing on matter.

Also in the work the total number of neutrons that
falling on the detector with an area of 100? cm were de-
termined. The dependence of the total number of neu-
trons that falling on the detector on the energy of the
source is shown in Fig. 5.
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Fig. 3. Computer model of the neutron flux formation
system. Visualization of the obtained results
for 100 primary particles without a reflector (a);
visualization of the results obtained for 100 primary
particles with a reflector dimensions 30x30x30 cm (b) It can be seen from Fig. 5 the total number of neu-

It can be seen from Fig. 3,a,b that in the case of are-  trons that falling on the detector increases with increas-

flector, the number of neutrons falling on the neutron  ing energy of the neutron source. This is due to an in-
crease in the penetrating ability of neutrons as their en-
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Fig. 5. Dependence of the total number of neutrons that
falling on the detector on the energy of neutron source
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ergy increases.The energy spectra of neutrons falling on
the detector were determined. The energy spectra of neu-
trons for source energies of 0.6 and 1.1 MeV, are shown in
Figs. 6, 7.
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Fig. 6. Energy spectra of neutrons recorded
by a neutron detector. The initial neutron energy
was 0.6 MeV, 107 primary particles, 5 cm polyethylene
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Fig. 7. Energy spectra of neutrons recorded
by a neutron detector. The initial neutron energy
was 1.1 MeV, 107 primary particles, 5 cm polyethylene

The number of neutrons without a reflector is shown
in blue. The number of neutrons with a reflector is
shown in magenta. It can be seen from Figs. 6, 7 that the
reflector not only increases the number of neutrons that
falling on the detector, but also moderated their spec-
trum.

Calculations have shown that the formation system
can significantly reduce the energy of the neutron flux.
When passing 5 cm of a polyethylene moderator, a pri-
mary monoenergetic beam with an energy in the range
of 0.2...1.1 MeV turns into a neutron flux with an ener-
gy of less than 100 keV (80% of particles), which can
be used for research in the field of nuclear medicine, in
particular, for neutron capture therapy.

As mentioned earlier, the neutron flux formation sys-
tem will reduce the neutron flux from the electron-
neutron converter to the environment, and thereby im-
prove the radiation background in the bunker and accel-
erator building. To assess the protective properties of the
reflector in the model, a large neutron detector was used,
which completely surrounded the reflector, in Fig. 8 it is
shown in blue. The conducted studies have shown that
when using a graphite reflector 30x30x30 ¢cm in size,
the neutron flux recorded by the detector decreases from
2 to 7 times depending on the energy of the neutron
source compared to the case when the reflector is ab-
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sent. When lower the neutron energy, the more their
flux is weakened

The system for generating neutron fluxes with a
large neutron detector is shown in Fig. 8.

Fig. 8. Neutron flux generation system
with a large detector

In the work, the energy spectra of neutrons that fall-
ing on a large detector, with and without a reflector,
were determined. They are shown in Fig. 9 for initial
neutron energy 0.9 MeV.
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Fig. 9. Energy spectrum of neutrons recorded
on the detector for initial neutron energy 0.9 MeV.
Left one without reflector, right one with reflector

It can be seen from Fig. 9 that, in addition to reducing
the number of neutrons entering the accelerator bunker,
the reflector significantly reduces their energy (80% of
the particles have an energy of less than 100 keV), which
significantly reduces their penetrating abilities and im-
proves the radiation background. All this will make it
possible to increase the limiting current of the accelera-
tor electron beam by several times while maintaining
the same radiation load and to optimize its operation.

CONCLUSIONS

In the work a computer model of the neutron flux
formation system at the LUE-30 electron accelerator of
the NSC KIPT was developed and tested in the Geant4
programming environment.

The system for forming neutron fluxes consists of a
monoenergetic neutron source, a graphite reflector, a
polyethylene moderator, lead protection and detector.
With the help of the model, a number of virtual experi-
ments on 10’ primary neutrons were carried out for the
energy range of the neutron source from 0.1 to
1.1 MeV. The computer experiments showed that the
efficiency of using a graphite reflector depends on the
energy of neutron source. The smaller is the energy, the
greater is the efficiency.
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It can be seen from modeling results the total num-
ber of neutrons that falling on the detector increases
with increasing energy of the neutron source. This is
due to an increase in the penetrating ability of neutrons
as their energy increases.

The performed calculations have shown that the
formation system can significantly reduce the energy of
the neutron flux. When passing 5 cm of a polyethylene
moderator, a primary monoenergetic beam with an en-
ergy in the range of 0.2...1.1 MeV turns into a neutron
flux with an energy of less than 100 keV (80% of parti-
cles).

Also, as a result of the calculations, it was found that
when using a graphite reflector, the neutron background
in the accelerator bunker decreases from 2 to 7 times
depending on the energy of the neutron source and the
neutron spectrum becomes significantly moderated.
This will make it possible to increase the limiting cur-
rent of the electron beam during experiments while
maintaining the same radiation load and save the tech-
nical resource of the accelerator.
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PO3POBKA TA TECTYBAHHSA KOMIT'FOTEPHOI MOJEJI CACTEMHA ®OPMYBAHHS ITOTOKIB
HEUTPOHIB HA JIIHIMHOMY IPUCKOPIOBAYI EJIEKTPOHIB

C.IL. I'oxoe, B.M. I'opoau, FO.I'. Kazapinos, B.B. Kanmemipog, B.H. Kacinos, J1.M. Koanaxosa,
0.A. Jlioxman, €.B. I[auybko

VY cepenopumii Geant4 po3po0IeHO KOMIT'IOTEpHY MOJAEHh CHCTeMH (JOpMyBaHHS MOTOKIB HEHTPOHIB Ha BUXO/I
JiHIHOTO MpUCKOpIOBaYa eneKTpoHiB. CucreMa GopMyBaHHS CKIAIA€ThCS 3 MOHOCHEPTETUYHOTO JKepena HeiT-
POHiB, TpadiToBoro BindHBaya, MOJiCTHICHOBOTO OTEILTIOBAYa, CBHHIICBOTO 3aXHCTY Ta JETEKTOPa. 3a JOMOMOIOI0
MOJIe/Ti TIPOBEICHO HHU3KY BIPTYalbHHX eKCIIEPUMEHTIB Ha 10’ IepBUHHUX HEHTPOHIB UIS Jiala30Hy eHEepriil HelT-
porHoro mxepena 0,1...1,1 MeB. Bu3znaueHo 3aexHiCTh BiTHOIIEHHS KUTBKOCTI HEUTPOHIB, sKi MOTPAIUISIIOTH HA
JIETEKTOp, 3 BiAOMBaueM 10 KiIBKOCTI HEUTPOHIB Oe3 BimOWBava Bix eHeprii mkepena HEHTpoHiB. BusHaueHo eHep-
TeTHYHI CIIEKTPU HEWUTPOHIB, SIKi MOTPAIUISIOTh Ha NeTeKTOp. BeraHoBneHo, mio rpadiToBuii BigOWBau He TIIBKU
301IbIIY€E KUIBKICTh YaCTHHOK, SIKi MOTPAIUIAIOTh HA JIETEKTOp, aje 1 OTEIUIIOE €HePreTHYHUIl CIIEKTP HEHTPOHIB.
Heiitponnuii hoH y OyHKepi MPUCKOPIOBaYa NMpHY BUKOPHCTAHHI BiJIOMBa4ya 3MEHIIYETHCS Bij 2 10 7 pasiB y 3alex-
HOCTI BiJl eHepril HeHTPOHHOTO JpKepea.
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