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1. Introduction

The purpose of this research was the statistical
analysis for discrimination of the prompt gamma ray
peak induced by the 14.1 MeV neutron particles from
spectra using Monte Carlo simulation [1]. For the
simulation, the information of the eighteen detector
materials was used to simulate spectra by the neutron
capture reaction.
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Fig. 1. Diagram of simulation of prompt gamma ray
activation analysis (PGAA). The information of several
detector materials was used to simulate the prompt
gamma ray spectra.

2. Methods and Results

The geometry of the D-T generator and the detector
were referred from other research. The detector size (50
cm x 50 cm x 8 cm) was fixed to maintain the identical
physical factors excluding the materials. The area size
of the detector was referred from the specification of
actual instruments which is used to the PGAA at the
harbor or the airport. However, in order to increase the
counts number of the gamma ray, the thickness of the
detector was set thicker than conventional instruments
[2]. The distance between neutron source and the center
of target was set at the 100 cm, and the distance
between detector and target was defined as the 50 cm.
The neutron particle can induce the prompt gamma ray

by the nuclear reaction with atoms. As the Fig. 1,
because this prompt gamma ray has distinct
characteristic atom by nuclide, the component of target
material can be identified using the prompt gamma ray
peak analysis. Basically, in order to simulate interaction
between the material for the gamma ray detection and
the photon, the physical and chemical characteristic
information of the material for gamma ray detection,
such as the density, ratio of the composition atom, and
interaction characteristic with the photon, etc., are
required. There are two major detector materials (a
scintillator and a semiconductor) for the simulation in
this study, and the physical and chemical characteristic
information of the detector material was inserted to the
each simulation. To use Gaussian energy broadening
(GEB) function in the MCNPX code, the solutions of
the dual equations of full width at half maximum
(FWHM) (Eq. (1)) were obtained using the average
energy resolution value at the 511 keV and 662 keV,
respectively [3].

FWHM =a+bVE 1)
a= GEB a (MeV)
b= GEB b (MeV1/2)
E= peak energy (MeV)

The solutions ‘a’ and ‘b’ were applied to the GEB
function in the MCNPX simulation. Because the several
simulations about each detector were required to
analyze the peaks, the efficient distribution of
simulation time was needed. For this reason, the unit of
minimum fraction was set as the 10 keV energy bin for
the spectrum results by the simulation. The Table 1
shows two GEB values of each detector material, as
well as the list of detectors including the density and the
average energy resolution values (511 keV and 662
keV) for the simulations. The average energy resolution
was acquired by the average calculation using the
extracted energy resolution from other research [10-26].
Thus, the energy resolution values in the Table 1 could
not be absolute representative values because of the
influence by many factors. After the setting of the GEB
values, the prompt gamma ray energy spectra were
acquired using the F8 tally. To obtain a more correct
energy spectra from the simulations, an artificial virtual
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target (components: carbon (12C): nitrogen (14N):
oxygen (160) = 1:1:1, density = 3.0 g/lcm3, size =5 cm
x 5 cm x 5 cm) was used. In order to induce the active
reaction with the target, a 14.1 MeV neutron flux was
directed toward the target, and the detectors surrounded
the target. The setting of neutron flux (2 x 1010 n/sec)
for the MCNPX simulation was referred from the
reference research [4].

The prompt gamma ray energy spectra induced by the
14.1 MeV neutrons are shown in Figs. 2(a)-(f). The
spectra showed characteristic prompt gamma ray energy
peaks regarding the intrinsic atoms of the target material.
Each peak corresponds to a specific prompt gamma ray
energy values (12C: 4.43 MeV, 14N: 1.64, 2.31, and
5.11 MeV, 160: 2.73, 3.69, 5.11 (double escape peak
from 6.13 MeV (160)), 6.13, 6.92, and 7.12 MeV). The
energy resolutions at these nine peaks were calculated
for the eighteen different detectors.
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Fig. 2. The Monte Carlo n-particle extended (MCNPX)
simulations of the eighteen different prompt gamma ray
energy spectra. Line colors depending on energy
resolution level were assigned to energy spectrum of
each detector in the group. The group of good
resolution was demonstrated as the black line (top of
legend), the red line (middle of legend) shows mid-level
resolution group and the blue line (bottom of legend)
shows poor level resolution group. (a) Bil3, LaCI3(Ce)
and LUAP , (b) HPGe, Nal(Tl) and LSO, (c¢) CZT,
CslI(TI) and GSO, (d) BaF2, CdTe and Hgl2, (e) TIBr,
YAP(Ce) and LYSO, (f) LaBr3(Ce), BGO and Lil(Eu)
detector materials [5].

In order to discriminate the peak from the spectrum,
the calculation of the FWHM (energy resolution)
regarding each peak was performed many times. In this
study, the ten iterative calculations per one peak were

conducted to conclude the energy resolution. The
representative value of energy resolution was set using
the average value of these ten calculated values.

The result of the number of discriminated peak
depending on the detector material is shown in Fig. 3(a).
The CZT, HPGe, BaF2, TIBr, Bil3 and LaBr3(Ce)
distinguished all nine peaks with good energy resolution
values (energy resolution < 1.5%) through the ten
iterative calculations. The fluctuation of the number by
the ten iterative calculations was observed as the
maximum six counts. The method of grouping for the
graphs (Figs. 2(a)-(f)) were based on the number of
discriminated peak from the Fig. 3(a). The six detectors
which discriminated all nine peaks were assigned as
‘good resolution' line to each group. And the six
detectors which were reported as low count number (<
4) were assigned as 'poor level resolution' line to each
group. Because only energy resolution was considered
to classification of detectors according to their
performances, an absolute data of a detector’s
comprehensive performance cannot be given. The
significances of the relationships between the reaction
cross-sections of each atom reacting with the neutron
and the ratio of discriminated peak from all the
detectors are shown in Fig. 3(b). The black line means
the level of the reaction cross-section (%) depending on
the atom. The reaction cross-section values of the
oxygen, the carbon, and the nitrogen were 100%, 95%,
and 85%, respectively (source from NIST). The
discrimination probability of the peak from 18 detectors
at the nine peak points was defined using the number of
the discriminated peak (the red line). In case of the red
line, the maximum fluctuation of values was 55% at the
511 MeV energy peak during the ten iterative
calculations. If the two peaks which are induced by the
different source were overlapped at the same energy
level in the spectrum, there were many changes of the
number of '‘None' case. The 6.13 MeV peak from the
oxygen and the 4.43 MeV peak from the carbon were
perfectly discriminated from all the detectors. However,
the 5.11, 6.92, and 7.12 MeV peaks were discriminated
as the lowest level. Because the difference between the
6.92 MeV and the 7.12 MeV is only 0.2 MeV, if the
detector has the enough capacity of the discrimination,
the two peaks can be discriminated easily. Averagely,
when the energy resolution of the detector is below
2.8% at the 7 MeV, the occurrence of 'None' case is
easy.
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Fig. 3. Analysis of the peak discrimination and trend
from the energy resolution results [6]. (2) Detected peak
counts number according to the detector material
(average counts by the ten iterative calculations,
uncertainty: maximum 6 counts), (b) The comparison of
reaction cross-section with discrimination probability of
the peak (average values by ten iterative calculations,
maximum fluctuation rate: 55%), (c) Counting of” None
(A)’ and ‘None (B)’ at the nine peak points (average
values by ten iterative calculations, uncertainty:
maximum 6 counts).

3. Conclusions

To the best of our knowledge, the results in this study
are the first reported data regarding the peak
discrimination of high energy prompt gamma ray using
the many cases (the eighteen detector materials and the
nine prompt gamma ray peaks). The reliable data based
on the Monte Carlo method and statistical method with
the identical conditions was deducted. Our results are
important data in the PGAA study for the peak detection
within actual experiments.
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