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1. Introduction

The purpose of this study was the statistical analysis
of the prompt gamma ray peak induced by the boron
neutron capture therapy (BNCT) from spectra using
Monte Carlo simulation. For the simulation, the
information of the sixteen detector materials was used to
simulate spectra by the neutron capture reaction.
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Figure 1. Diagram of simulation of boron neutron
capture therapy (BNCT). The information of several
detector materials was used to simulate the prompt
gamma ray spectra.

2. Methods and Results

The detector size (40.2 cm x 40.2 cm x 8 cm) was fixed
to maintain the identical physical factors excluding the
materials. [1] The area size of the detector was referred
from the specification of actual instruments which is
used to the boron neutron capture therapy (BNCT). [1]
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.
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+bJE M
a= GEB a (MeV)
b= GEB b (MeV'?)
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. 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, a boron (density = 2.08 g/cm?®) target was
used, and the target size was 10cm?®. In order to induce
the active reaction with the target, a thermal neutron
(<1eV) source was directed toward the target, and the
detectors surrounded the target. The setting of thermal
neutron (<1eV) source (4 x 107 n/sec) for the MCNPX
simulation was referred from the reference research [4].

Table 1. Detector list and specifications (the density, the
energy, and the resolution) for the Monte Carlo n-particle
extended (MCNPX) simulation. Gaussian energy
broadening values (GEB a, GEB b) were calculated
using the Eq. (1) with the energy resolution of the 511
and 662 keV.
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Energy Energy
Density  resolution  resolution
Detector material GEB a GEB b
(g/em’)  S511keV 662 keV

(%) (%)

Bismuth Germanate Oxide (BGO) 7.13 14.20 12.50 -0.0050  0.1084
High purity Germanium (HPGe) 532 0.70 027 00164  -0.0180
Cadmium Zinc Telluride (CZT) 5.60 2.00 1.00 0.0360  -0.0360

Lanthanum Chloride (Cerium) (LaCly(Ce)) 3.64 5.10 3.30 0.0556  -0.0413
Sodium lodide (Thallium) (Nal(Tl)) 3.67 8.60 6.50 0.0486 -0.0065
Cesium lodide (Thallium) (CsI(T1)) 451 9.50 7.70 0.0286  0.0279

Cadmium Telluride (CdTe) 6.20 1.20 2.00 -0.0459  0.0728

Lutetium Yttrium Oxyorthosilicate (LYSO) 7.30 8.00 8.90 -0.0923  0.1864
Gadolinium Oxyorthosilicate (GSO) 6.70 12.00 8.90 0.0760  -0.0205

Lutetium Oxyorthosilicate (LSO) 7.40 10.00 8.40 0.0159  0.0492

Barium Fluoride (BaF>) 4.90 11.40 8.00 0.0941 -0.0502

Yttrium Aluminum Perovskite (Cerium) (YAP(Ce)) 5.40 6.70 5.70 0.0072 0.0378
Lithium lodide (Eurodium) (Lil(Eu)) 4.08 12.90 7.50 0.1814  -0.1615
Bismuth tri-iodide (Bil3) 5.80 3.80 2.90 0.0201  -0.0010

Mercuric lodide (Hgl») 6.40 6.50 5.96 -0.0137  0.0657

Lanthanum Bromide (Cerium) (LaBr3(Ce)) 529 430 2.80 0.0460  -0.0336

The prompt gamma ray energy spectra induced by the
thermal neutrons are shown in Figs. 2(a)-(d).
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Figure 2. The Monte Carlo n-particle extended
(MCNPX) simulations of the sixteen different prompt
gamma ray energy spectra. Line colors depending on
energy resolution level were assigned to energy spectrum
of each detector in the group. (a) HPGe, LaBrs(Ce),
LYSO and GSO, (b) CdTe, LaCls(Ce), Nal(Tl) and BGO,
(c) CZT, Hgl,, Csl(Tl) and BaF,, (d) Bils, YAP(Ce),
LSO and Lil(Eu) detector materials [5].

In this study, the ten iterative calculations of 478 keV
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 method of grouping for the graphs (Figs. 2(a)-(d))
were based on the average value of energy resolution
form the table 2. The four detectors of low energy
resolution (<3) were assigned as 'good 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.

Table 2. Energy resolution values of the 478 keV prompt
gamma ray peaks depending on the detector materials.
The energy resolution is expressed as a percentage
(average values by the ten iterative calculations).

Energy resolution
Detector material
at 478 keV (%)

BGO 14.2529
HPGe 0.6279
czT 2.2989

(LaCls(Ce)) 5.4414

Nal(Tl) 9.2315
CsI(Tl) 9.6543
CdTe 0.8367
LYSO 7.517
GSO 12.7999
LSO 10.2113
BaF» 14.2708
(YAP(Ce)) 6.9039
Lil(Eu) 14.5204
Bils 3.7672
Hgl. 6.497
(LaBrs(Ce)) 46014

Detection efficiency of 478 keV prompt gamma ray
according to the detector material are shown in Fig. 3.
Because only detection efficiency was considered to
classification of detectors according to their
performances, an absolute data of a detector’s
comprehensive performance cannot be given.
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Figure 3. Detection efficiency of 478 keV prompt
gamma ray according to the detector material. The
standard of normalization was the detection efficiency of
BGO. (100%)
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3. Conclusions

The results in this study are the first reported data
regarding the peak discrimination of 478 keV energy
prompt gamma ray using the many cases. (Sixteen
detector materials). 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 BNCT study for the peak detection within actual
experiments.
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