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ABSTRACT
Thermal neutron capture can be used as a successful technique for detection of non-metallic landmines via the detection
of their constituent like nitrogen. Recently, it has been shown that the detection of 10.829 MeV photons from the
14
N(n,γ)15N reaction can be used for finding the landmines. In this method a high-energy neutron source like 241Am-Be
inside water as a moderator is used to have thermal neutron. In this paper we have investigated the effects of the number
of neutron sources and their orientation on the gamma ray spectrum by using MCNP4C code. The best case for number
of sources and their positions and orientations have been achieved corresponding to maximum flux of 10.829 MeV photons.
Keywords: Monte Carlo Simulation; Landmine Detection; Thermal Neutron Capture; Neutron Source; Source
Arrangement

1. Introduction
During the recent years many efforts have been made to
improve nuclear methods for the detection of landmines
[1-8]. The most important advantage of methods based
on neutron reactions is that neutrons have high penetration ability and the detection of landmines is possible
even when they are hidden at the high depth. Nuclear
techniques are based on that the explosives contain hydrogen, carbon, nitrogen and oxygen in variable concentration. For example, elementary compositions of some
common explosives are: TNT-C7H5N3O6, RDX-C3H6N6O6,
Hexogen-C4H8N8O8 [9]. So the problem of explosives
identification reduces to the problem of identification of
light elements.
One method of landmines detection is based on measurement of the 10.829 MeV gamma-ray from the
14
N(n,γ)15N reaction [10]. This procedure is advantageous
because the gamma-rays of about 11 MeV do not occur
in natural background. The only exception is 29Si which
emits gamma-ray of 10.607 MeV via interaction with
thermal neutrons, but with low percentage. The abundance of 29Si in soil is very low in comparison with
abundance of 14N in landmine.
In present work, MCNP4C code is applied for simulation of configuration of a hidden landmine in soil and
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investigation of the source number and their placement
effects on gamma-ray spectrum. The maximum value for
10.829 MeV photon fluxes that depends on the numbers
and orientations of the sources has been achieved by using the result of MCNP4C simulation.

2. Material and Methods
In this paper, the MCNP4C code for Monte Carlo simulation of particle transport was employed to obtain the
best configuration corresponding to best values of 10.829
MeV neutron flux. An Am-Be neutron source as an isotropic source has been used with neutron spectrum
shown in Figure 1 [11]. The neutron source which is 12
cm in length and 3 cm in diameter was located horizontally in the box of water with dimensions of 60 × 60 × 24
cm3. Distance of the box of water and the surface of soil
is 1 cm. A landmine (TNT) in cylindrical geometry, 5 cm
in radius and 5 cm in height, was embedded at 5 cm
depth from the surface of soil with dimensions of 60 × 60
× 11 cm3. NaI(Tl) 3 × 3 detector was positioned at the
center of water box to take the spectrum of photons
(Figure 2) [12]. NaI(Tl) scintillator as γ-ray detector has
been suggested by considering its characteristics such as
the low cost of the crystal, the good light output and a
low internal background in the energy region around 11
MeV due to thermal neutron capture processes on the
nuclei of the crystal [13].
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3. Results and Discussions

Figure 1. Neutron energy spectrum of Am-Be source.

Figure 2. A schematic view of the configuration used in
MCNP calculation.

In order to prevent the reaching of thermal neutrons to
the detector, it was shielded by 12C as a reflector of thermal neutrons [14] and was surrounded with 10B to absorb
thermalized neutrons [15]. The diameter and height of
the carbon shield are 18 cm and 12.09 cm, respectively
and that of boron shield are 19 cm and 13.09 cm, respectively.
In geometry of two sources, they were located on the
both sides of the detector and in 3 sources, one of sources
was positioned on one side and two other sources were
located on the other side. Geometry of four sources can
be explained as two of sources were placed on one side
and two other sources on the other side of detector with
different directions. Geometry of four sources in the presence of symmetry is the same with single source, but
four sources were located in four corner of water tank.
We carried out the calculation with different configurations of sources to investigate effect of placement of
sources and determine the best configuration for maximum photon flux.
Copyright © 2012 SciRes.

Figure 3 shows the gamma-ray spectrum of neutron capture by soil and landmine using F5 tally in MCNP code
for the best set up.
In order to investigate the effect of placement of sources
in the water tank on photon flux spectrum, the sources
was placed at different configurations (different rotations
about z-axis and different distances from the bottom of
tank). Table1 shows some of the results of our simulations where z is the distance of source from the bottom of
the water tank and α is the angle between the source axis
and water tank axis. The MCNP calculations show that
the number and placement of sources have effect on
photon flux strongly. As shown in Table 1, the best set
up is related to 3 sources geometry where one of the
sources is on one side of the detector with a 45˚ rotation
about the z-axis at a distance of 2 cm from the bottom of
the water tank and two of them are on the other hand
horizontally and vertically at a distance of 3 cm from the
bottom of the water tank. Also Table 1 shows that the
symmetry in the arrangement of the sources doesn’t have
positive effect on increment of photon flux.
Figure 4 shows background-subtracted spectrum for
the best set up of 1, 2, 3 and 4 sources. In the background
spectrum a trace of 10.829 MeV peak is seen, which is
smaller than 10.829 MeV peak in the spectrum of photon
in the presence of TNT. This is due to neutron capture in
N in air under the water tank and surrounding. As shown
in Figure 4 photon flux in presence of 4 sources is the
same with flux of 3 sources because with increment of
number of the source, the volume of water as a neutron
moderator decreases and system can’t produce more thermal neutrons and so neutron capture events and photon
flux decrease.
Simulations showed background in presence of 3

Figure 3. The gamma-ray spectrum of soil containing TNT
in the presence of 3 sources.
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Table 1. The 10.829 MeV gamma-ray flux for different configurations of sources (TNT in center of soil).
Background at
－9
10.829 MeV (×10 )

Source number

Flux of
－
10.829 MeV (×10 9)

2.14

1

54.68

5.4

2

66.9

3

117

3 (α:30)

91

8.32

3 (α:60)

25.1

3 (z = 3 cm)

49.68

3 (z = 2.5 cm)

56.3

10.54

4

115

3.25

4 (symmetrical)

71

sources is low in comparison with 4 sources and its useful for obtaining of exact counts by NaI(Tl).

4. Conclusions
The MCNP calculations showed that the arrangement of
the sources and the number of them have important influence on landmines detection by thermal neutron capture technique. In this paper the effect of the presence
and arrangement of 2, 3 and 4 sources was studied on the
capture events and 10.829 MeV photon flux.
Results show that the maximum photon flux is corresponding to 3 sources geometry where one of the sources
is on one side of the detector with a 45˚ rotation about the
z-axis at a distance of 2 cm from the bottom of the water
tank and two of them are on the other hand horizontally
and vertically at a distance of 3 cm from the bottom of
the water tank Background counts in this geometry are
low in comparison with 4 sources and this is advantageous for obtaining exact counts and biological effects.
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