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The application of neutron beams is important for some fundamental problems in nuclear physics, for fission and
fusion reactors, future safety of atomic energy, neutron radioactivation analysis, neutron radiography etc. Solving of
such problems is connected with huge material and financial expenses, so the mathematical simulation is widely
used. In NSC KIPT GEANT3, GEANT4, our own programs, etc. are used for these purposes. The mathematical
models and algorithms of calculation of passage of neutrons with energy up to 14 MeV through homogenous medi-
um with fissionable materials were developed. The simulation of passage of neutrons with energy up to 3 MeV
through the plate and cylinder was considered. The obtained results were compared with existing literature data.

PACS: 61.20.ja

During last years neutrons became widely used in
different scientific and applied problems, so more neu-
tron sources are required for these purposes. Such main
branches are:

— nuclear constants measurement;

— fundamental researches in nuclear physics;

—researches in physics of condensed media;

— neutron optics;

— neutron- activation analysis;

— producing of radioactive isotopes;

— neutron beams usage for medical purposes;

— neutron radiography;

— geologic exploring, mineralogy;

— studying of material behavior in neutron fields,

particularly, for thermonuclear reactors;

— studying and using of neutron processes in the se-

cure nuclear power.

For most of the above-mentioned tasks it is important
to study neutron passing through matter. It is a difficult
problem and it is not always possible to solve it with the
methods of pilot experiment. It is connected with devel-
opment of expensive experimental equipment.

Mathematical simulation methods allow to choose
optimal conditions of experimental researches and tech-
nologies in which neutrons are used.

Most of the above-mentioned branches may be used
in our institute, including neutron radiography.

Neutron radiography method consists in the follow-
ing: collimated neutron beam is passing through the ob-
ject to be studied and is simultaneously registered by the
detector of flux distribution after this object (usually in
the plane normal to the beam direction).

Technical proposal on creation of neutron radiogra-
phy set based on the linac was developed at NSC KIPT
during last years. Technical requirements for such a set-
ting were also developed and different variants of its re-
alization were considered. The neutron-radiography set
includes: charged particle accelerator, neutron target,
system for neutron field forming and beam diagnostics,
image visualization system. While development and ex-
ploitation of such a set different problems connected
with generation of y-quanta and neutrons and their inter-
action with the matter can appear.

For simulation of such processes we used such pro-
gram packages as GEANT3, GEANT4, etc., and also
programs of our own development.
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Let us consider some obtained results of simulation
of neutron passing through the matter.

1. We considered a neutron passing through the
plane polyethylene layer. This material was chosen be-
cause, firstly, it is widely used as a moderator in radia-
tion protection and neutron dosimeters. Secondly, data
about neutron passing through polyethylene can be
found in the literature and it allows one to compare the
results with existing data.

In fig.1 the results of simulation of neutron passing
through the polyethylene layer are shown. Initial neu-
tron energy was 2 MeV, plate thickness 6=5 cm.
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Fig. 1. Neutron spectrum after passing through the
polyethylene plane with thickness 5 cm (initial energy
Eo=2 MeV, angle 6=0°, u — lethargy). * — [3]

Parallel neutron beam was normal to the plane
(6=0°). The horizontal axis is the lethargy, i.e. logarithm
of a ratio of the neutron energy after passing through the
plane to the thermal energy (Eo../Ew). The vertical axis is
the number of neutrons in the interval. We considered
4096 events. The points are the results from [3], the his-
togram is the simulation result.

2. In fig.2 the results of the simulation of distribution
of thermal neutron sources are shown as a function of
the plane depth for the initial energy 2 MeV and the an-
gle O equals to 0°. The thermal neutron source is the
point of the last neutron interaction before it becomes
thermal, i.e. with the energy 107 MeV (0.1 eV). The
points are the results from [3], the histogram is the sim-
ulation result. We considered 4096 events.
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Fig. 2. Thermal neutron sources distribution S as
function of plane depth Z for initial energy 2 MeV and

angles 0 equal 0. » — [3]

3. Albedo is one of the fundamental values. Without
knowing this value it is impossible to calculate the pa-
rameters of defense shields, to optimize the system of
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neutron beam forming in the set for neutron radiography
etc. Fermi was the first who introduced this value for
characteristics of neutron passing from one media to an-
other under the condition that in the reflecting media
there are no neutron sources and neutrons are reflected
diffusely.

Albedo is determined as a ratio of the number of re-
flected neutrons to the number of initial neutrons.

We considered a parallel neutron beam with energies
0.3, 1 and 2 MeV falling at different angles to the plate.
In fig.3,a,b the simulation results of reflection of this
beam from the plate with thickness 5 and 15 cm are
shown. You can see that albedo increases with energy
decreasing. Albedo also increases with plate thickness
increasing.

4. Polyethylene hollow cylinders are used in biologi-
cal protection and in neutron dosimeters. So, it is useful
to know neutron behavior inside the hollow cylinders of
different diameters and with different thickness of their
walls.

In fig.4,a,b the simulation results of a neutron spec-
trum inside the cylinders with outer diameter 120 cm
(wall thickness 9 cm) and 5.5 cm (wall thickness 1 cm)
are shown.
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Fig. 3. Albedo for neutrons with energy 0.3, 1, 2 MeV for the plane with thickness a) 5 cm u 6) 15 cm
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Fig. 4. Neutron spectrum inside cylinders with outer diameter a) 120 cm (wall thickness 9 cm) and b) 5.5 cm (wall
thickness 1 cm). Initial energy Eo=3 MeV. » — [4]
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The horizontal axis is the neutron energy and the
vertical axis is the number of neutrons inside the cylin-
der. The histogram presents our results, and points are
results of [4]. Number of events is 10000. Comparison
of simulation results for cylinders of different diameters
shows the necessity of taking into account not only the
cylinder thickness but the cylinder diameter too.

5.1n fig.5 the preliminary results of simulation of a
parallel neutron beam passing through the graphite plate
with thickness 0.5 and 8 cm are shown. To describe the
spectrum of neutrons which falls normal to the plate we

used the expression dN/ dE= e_Esh(2E)l/ 2 where E
is the neutron energy, MeV.
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Fig. 5. Neutron spectrum after graphite plate

First this expression was obtained by Watt B.E. [5]
when he investigated the spectrum of neutrons, originat-5.
ing at *°U fission with thermal neutrons. It is well
agreed with the observed spectrum up to the energy of
escaped neutrons up to 17 MeV. Fig.5 shows that neu-6.
tron fluence @ of such a spectrum (neutron number per
area unit, per unit energy interval and per neutron origi-
nated from the source) after passing the plate decreases
with the plate thickness increasing. From fig.5 it also
follows that at such statistics (5-10° events) and very
wide energy intervals in the neutron spectrum after the
graphite plate there are no minima at energies, corre-

sponding to maxima in the total cross-section of neutron
interaction with carbon. Such effect also can be found in
simulation results of neutron passing through graphite [6].

Given data show that the programs created describe
the neutron interaction with the matter and can be used as
a base for simulation of complex physical and technologi-
cal settings.

So, mathematical simulation allows one to solve dif-
ferent physical problems, but in the realization of such
tasks there are some difficulties connected with deficien-
cy of mathematical methods properly describing physical
processes, databases of physical constants and also com-
puter techniques and highly qualified specialists.
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MATEMATHYECKOE MOJEJIMPOBAHUE B3AUMOJAEACTBUA HEUTPOHHOI'O U31YUYEHUSA
C BEHIECTBOM

A.H. /loeona, .M. ITpoxopey, C.H. IIpoxopeu, P.II. Cnabocnuyxuii, M.A. Xaxcmypaoos

[TpumeHeHHe HEWTPOHHBIX MYYKOB aKTyalbHO JUIS PEIIeHUs psia (yHIaMEeHTaJIbHBIX 3a1ad sAepHOi (H3MKH,

SOCPHBIX M TEPMOSIEPHBIX PEaKTOPOB, OyayIiei 6e30IacHOi SIepHOM YHEPTreTHKH, HeUTPOHHO-aKTHBAIIMOHHOTO aHa-
nM3a, HEUTPOHHOH pamuorpaduu U T.1. PelieHne Takux 3aaay CBA3aHO C OTPOMHBIMH MAaTepUANBbHBIMU 3aTpaTaMu,
MIO3TOMY MIMPOKO HCIIOIB3YIOTCS METOABI MaTeMaTH4ECKOTO MOJASIUPOBaHUS. [ MOIENMpoOBaHUS HMPOXOXKACHUS
HEHTPOHOB ¢ 3Heprueii 1o 14 MaB yepe3 ogHOPOIHYIO Cpenly U depe3 cpeny ¢ ACISIIIMCS MaTepralioM ObLUTH pa3pa-
0oTaHbl MaTeMaTHYECKUEe MOJEIN W AITOPUTMBI IporpaMM. B mpescraBiieHHOH paboTe paccMOTPEHBI PE3YNIbTaThI
pacydeTa poxoX/JIeHHUs HEHTPOHOB CIIEKTpa JICNICHUsI Yepe3 rpaduT 1 HeWTPOHOB ¢ SHeprueit 10 3 MaB uepes mtockuit
Y HWIMHIPUIECKUH CIION TIOJIMATUIICHA.

MATEMATHYHE MOJEJIOBAHHSI B3A€MO)1[i HEWMTPOHHOI'O BUITPOMIHIOBAHHS 3 PEYUOBHHOIO
AM. Jloeons, .M. Ilpoxopeysw, C.1. Ilpoxopeus, P.I1. Cnabocnuysvkuii, M.A. Xaxcmypaoos

3acTocyBaHHS HEHTPOHHMX IYYKIB € aKTYalbHUM I BUpIIIEHHS psay (QyHIaMEHTANBHUX 33au saepHol (i3uku,
SIICPHUX Ta TEPMOSICPHHX PEaKTOpiB, MaHOYTHBOI Oe3MEeUHOT SINepHOi CHEPreTHKH, HEHTPOHHO-aKTHUBALIIHOTO aHATI3Y,
HeWTpoHHOi pamiorpadii i T.. BupimeHHS TakuxX 3aqad MOB’s3aHE C BEIMKAMH MaTepiajlbHUMH 3aTpaTaMu, TOMY
[IMPOKO BHKOPUCTOBYIOTHCS METOAM MaTeMaTHYHOI'O MOJIETIOBaHHA. [l MOJETIOBAHHS NPOXO/PKEHHS HEHTPOHIB 3
enepriero 10 14 MeB xpi3b ofHOpiTHE cepenoBHIIe Ta Yepe3 CEepeAOBHIIE 3 MaTepialioM, IO JUINTECS, OyaH po3po0ieHi
MaTeMaTH4HI MOJIeNi Ta AJrOpUTMH mporpam. B mili po0oTi po3rysHyTi pe3ysibTaTH PO3PaxyHKIB IPOXODKEHHS
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HEWTPOHIB CIEKTpa MOUTY Kpi3b rpadit Ta HEHTPOHIB 3 eHepriero 10 3 MeB kpi3b IUIOCKHI Ta IATIHAPUYHHUIN IIApH
MOJTICTUIICHY .
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