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We use Monte-Carlo simulation method to investigate several factors influencing
detection efficiency of neutron detector. We have simulated the effect of crystal materials
(ZnS [1], Lil [2] and CaF; [3]) on incident neutron flux and deposition energy. The result
reveals that more energy deposited in the Lil (lithium iodide) scintillation crystal
materials. And we explored the effect of the neutron source energy change on the
detection efficiency of the scintillator. The simulation results show that the detection
efficiency of the scintillation detector is gradually increased with the source energy
increasing. These results will be beneficial to the development and application of neutron
detectors.
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1. Introduction

The measurement of neutrons and their energy spectra is difficult because of the
neutron itself without any charge. In order to detect neutrons, it is necessary to
convert neutrons into charged particles by nuclear reactions, the method of
which is used on the neutron detectors. Hydrogen-rich materials are often used
as conversion materials, since ordinary hydrogen scatters neutrons which are
converted into charged protons.

Detection efficiency is one of the important performance indexes of the
detector. There are many factors that affect the efficiency of the detector. With
full knowledge of these factors, we can adjust them to get the best detection
efficiency. In this paper, we have discussed the detection efficiency from three
aspects, the crystal materials, the source energy and the thickness of conversion
medium. Results vary depending on the model used and on input data or
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assumptions.
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Fig.1. The diagram of crystal structure.

MCNP is a general-purpose, continuous-energy, generalized geometry,
time-dependent, coupled neutron-photon-electron Monte Carlo transport code
system [4]. For neutrons, code takes account of elastic scattering, inelastic
scattering and capture reaction, according to the energy and direction of
neutrons which have interaction with matters [5-6].

Table 1. The physical properties of simulation materials

Substance Density (g/cm3) Atom Fraction
polyethylene 0.93 C:0.333 H:0.667
ZnS 4.087 Zn: 0.5 S:0.5
Lil 3.49 Li: 0.5 1:0.5
CaF, 3.18 Ca: 0.333 F:0.667

0:0.210750; N:0.784437

Alr 0.001205 C:0.000151; Ar:0.004671

Diagram of the crystal structure simulation is showed in Figure 1. The
geometric of crystal is cylinder without reflective layer. The crystal is divided
into two parts, in which the neutron conversion layer is in front of the
light-emitting layer. What’s more, the materials of the light-emitting layer we
choose include: ZnS, Lil, CaF,, with the same material of neutron conversion
layer (polyethylene). The physical properties of materials are showed in Table
1.The incident particles are generated by the event generator of the simulation
program. And the neutron beam is emitted from the unidirectional parallel
source, conversion in polyethylene and energy deposition in light-emitting layer.
There is a certain relationship between the incident neutrons and the deposition
energy in the scintillation crystal. By recording neutrons number through the
incident interface and particles number depositing in the light-emitting layer, we
could get the result of the detection efficiency of the scintillation crystal.
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2. The Result and Discussion

2.1. The scintillation crystal materials

Figure 2(a) gives the fluctuation of the number of incident neutrons particles in
the case of different scintillation crystal materials. It is found that there are
similar tendencies for the number of incident neutrons no matter what the
materials of the crystal are. In addition, from Figure 2(b), we can find that under
different materials of crystal, the number of deposition particles is not the same.
When using Lil as the crystal material, the deposition particles are more than
those others.
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Fig. 2. The fluctuation of the number of incident neutrons and deposition particles in the case of
different scintillation crystal materials

From the statistical results, it can be seen that the scintillation crystal
materials have no effect on incident particles but on deposition particles. We
think the reason leading to this situation is the interaction between the crystal

materials and the particles converted from reaction of neutron with polyethylene.

The degree of interaction between them is not identical. The reaction
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cross-sections of converted particles on crystal materials have determined the
number of deposition particles. At the same time, we can read that the more
particles deposit, the better detection efficiency is. For this, there is the better
detection efficiency when using Lil as the crystal material than ZnS and CaF..

2.2. The source energy

We performed many simulation experiments with a series of source energy. And
the detection efficiency is calculated, and then the curves are plotted. From
Figure 3, we can draw the following points. 1) The detection efficiency
increases with the growth of the source energy. 2) When the source energy
increases to a certain degree, the detection efficiency is expected to stabilize and
climb no more. 3) The detection efficiency of lithium iodide is the best.
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Fig. 3. The curve of detection efficiency with the change of source energy

We have got a discussion. The growth of incident neutrons energy increases
the number of particles produced in the reaction between neutrons and the
polyethylene conversion layer, which causes the raise of detection efficiency.
There action cross-section, however, gradually reduces with the increase of
neutrons energy. When the energy is enough, the neutrons will pass through the
scintillation crystal without any reactions. Therefore, the detection efficiency is
gradually stable.

2.3. The thickness of polyethylene layer

As Figure 4 shows, if polyethylene layer is too thin, the neutron may pass
directly through the crystal without reaction. And if too thick, the converted
particles may not be able to reach the light-emitting layer to deposit energy. In
both cases, the detection efficiency is reduced due to the loss of particles.
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Thereby, we think the thickness of the polyethylene layer should be suitable to

improve the detection efficiency.
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Fig. 4. The theoretical influence of the thickness of the polyethylene layer

We have simulated the influence of the polyethylene layer versus different
thickness. Figure 5 gives the curve of detection efficiency with the change of the
thickness of polyethylene layer. It is found that the efficiency of detector, with
the increase of layer thickness, presents the first up and then down the
fluctuation. What’s more, there is the best detection efficiency on scintillators
while the thickness of polyethylene layer is 1cm. Consequently, we can make
sure that there exists a suitable thickness of the polyethylene layer, which makes

the detection efficiency is the best.

5.5 T ]
5.45 - ol
5.4F

535~

the detection efficiency/%

53

5.25~

5.2

o 0.5 1

1.5 2 2.5 3

the thicknenss/cm

Fig. 5. The curve of detection efficiency with the change of the thickness of polyethylene layer

3. Conclusion

We make use of Monte Carlo simulation to investigate the influence of crystal
materials, source energy and the conversion layer thickness on detection
efficiency of neutron detector. It indicates that it can effectively improve the
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neutron detection efficiency when using a suitable material and lithium iodide
can be a good choice. Furthermore, the source energy has a positive impact on
the detection efficiency. Besides, for the polyethylene layer, there exists a
suitable thickness which makes the detection efficiency is the best.
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