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Background: As neutron fields are always accompanied by gamma rays, it is essential to distin-
guish neutrons from gamma rays in the detection of neutrons. Neutrons and gamma rays can 
be separated by pulse shape discrimination (PSD) methods. Recently, we performed character-
ization of a stilbene scintillator detector and an EJ-301 liquid scintillator detector with a high-
speed digitizer DT5730 and investigated optimized PSD variables for both detectors. This study 
is for providing a basis for developing fast neutron/gamma-ray dual-particle imager.

Materials and Methods: We conducted PSD experiments using stilbene scintillator and EJ-
301 liquid scintillator and evaluated neutron and gamma ray discriminability of each PSD 
method with a 137Cs gamma source and a 252Cf neutron source. We implemented digital signal 
processing techniques to apply two PSD methods – the charge comparison (CC) method and 
the constant time discrimination (CTD) method – to distinguish neutrons from gamma rays. 
We tried to find optimized PSD variables giving the best discriminability in a given experimen-
tal condition.

Results and Discussion: For the stilbene scintillator detector, the charge comparison method 
and the constant time discrimination method both delivered the PSD FOM values of 1.7. For the 
EJ-301 liquid scintillator detector, both PSD methods delivered the PSD FOM values of 1.79. With 
the same PSD variables, PSD performance was excellent in 300 ±100 keVee, 500 ±100 keVee, 
and 700 ±100 keVee energy regions. This result shows that we can achieve an effective discrimi-
nation of neutrons from gamma rays using these scintillator detector systems.

Conclusion: We applied both PSD methods to a stilbene and a liquid scintillator and optimized 
the PSD performance represented by FOM values. We observed a good separation performance 
of both scintillators combined with a high-speed digitizer and digital PSD. These results will 
provide reference values for the dual-particle imager we are developing, which can image both 
fast neutrons and gamma rays simultaneously.

Keywords: Pulse shape discrimination, Stilbene scintillator, EJ-301 liquid scintillator, Digital 
signal processing, Dual-particle imager 
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Introduction

Detecting neutron essentializes discriminating neutron from background gamma 

ray because gamma radiation is also emitted by excited nuclei which produce neutrons 

[1]. For a certain type of radiation detectors, the pulse signal associated with gamma 

rays and neutrons exhibits slightly different shape depending on the type of incident 

radiation. Generally, organic scintillators such as stilbene and liquid scintillator have 

been used for detecting fast neutrons. They are known for excellent pulse shape dis-
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crimination (PSD) capability for identification of neutron 

from gamma ray. Stilbene scintillators have achieved wide-

spread popularity as organic scintillators. Since the discovery 

of a stilbene scintillator in 1959, stilbene is preferred in those 

situations in which pulse shape electrons [1]. Stilbene scintil-

lators have been a popular tool for much of the PSD experi-

mental work, and previous studies have comprehensively 

proved that the stilbene scintillator has an excellent PSD ca-

pability [2, 3]. However, stilbene traditionally grows with 

Bridgman technology, making it difficult to obtain in large 

sizes. This method has difficulties in limiting the size of the 

scintillator, because of stresses and cracks during growth and 

cooling [4]. Therefore, when a large single crystal is required, 

the stilbene scintillator is relatively high cost and the size of 

the stilbene scintillator is limited, making it difficult to utilize 

for a variety of applications. Solution-based stilbene scintil-

lators were developed in 2013 by the Lawrence Livermore 

National Laboratory (LLNL). Solution-based stilbene scintil-

lators can grow up to 10 cm in diameter. This scintillator, 

made with solution-based growth methods, is larger than 

Bridgman technique’s one and improves light yield from in-

cident radiation [4]. Recently, the solution-based stilbene 

scintillator has become commercially available, and neutron 

measurement studies with PSD using the solution-based 

stilbene scintillator have been extensively revisited. EJ-301 

liquid scintillator (which is similar to NE-213, BC-501) also 

provides excellent PSD capability allowing for identification 

of neutron from gamma rays and can easily be made to large 

dimensions. For many years, EJ-301 liquid scintillator has 

been used for PSD research, and detailed characterization of 

EJ-301 PSD properties has been studied [5-7]. For organic 

scintillators such as stilbene and liquid scintillators, their re-

sponse to electrons is almost linear for energies of incident 

particles above about 125 keV. However, their response to 

heavy charged particles such as protons is not linear but al-

ways less than the response to electrons of equivalent ener-

gies. Owing to the dependence of the light yield of organic 

scintillators on the type of particle, a special unit was duly in-

troduced to describe the absolute light yield. The term keV 

electron equivalent (keVee) is, thus, used to represent the 

light yield on an absolute basis [1].

Analog electronic PSD systems have been conventionally 

used to obtain n-γ discrimination from the comparison of 

each pulse shape. These analog PSD systems have limited 

output count rate capability up to ~200 kHz [8]. They can 

only count the number of events classified as neutrons or 

gamma rays on-the-fly, while post-processing of the signal 

data is impossible after measuring radiation. Analog PSD 

systems, which have been used for a few recent decades, 

have started to be replaced by digital PSD methods using 

digital pulse processing (DPP) technology as high-speed 

digitizers have been developed. The first attempt to discrimi-

nate neutron and gamma ray digital pulses with NE-213 was 

performed in the 1980s. Two channels of the analog-to-digi-

tal converter (ADC) were used for analysis fast and slow de-

cay components [9]. The digital PSD method with DPP tech-

nique has several advantages over analog electronic PSD 

systems. With digital PSD, one can either analyze the detec-

tor signal in real time using the FPGA, or store information, 

such as signal amplitude and time, in the PC for further anal-

ysis. As it usually requires a high-speed digitizer only, the de-

tection system configuration becomes relatively simpler and 

lighter.

Recently, we obtained a commercially available solution-

based stilbene crystal from Inrad Optics, an EJ-301 liquid 

scintillator from ELJEN TECHNOLOGY and a high-speed 

digitizer DT5730 (14-bit, 500 MS/s) from CAEN. Depending 

on the time width of typical pulse signals being processed, 

one can achieve processible count rate of pulses up to 500 

kHz, which exhibits an advantage over previous analog PSD 

systems. As a fundamental step for the development of a fast 

neutron/gamma-ray dual-particle imager [10-12], we took 

an initiative approach to implement a fast neutron/gamma-

ray dual-particle measurement system with digital PSD us-

ing the stilbene crystal from Inrad Optics, and the EJ-301 liq-

uid scintillator from ELJEN TECHNOLOGY combined with 

DT5730 of CAEN. In the development of the fast neutron/

gamma-ray dual-particle imager, we take a single non-posi-

tion-sensitive detector-based approach to obtain temporal 

modulation patterns determined by the rotating collimators. 

In order to handle the complex process of controlling the 

collimator rotation and acquiring measurement data ac-

cording to the collimator rotation, applying PSD techniques, 

we had to develop our own customized code system to im-

plement the PSD technique and the equipment control. 

We performed an initial characterization for this system to 

provide information for the future implementation of the 

neutron/gamma-ray dual-particle imager not only for the 

dual-particle imager, but also in various studies and applica-

tions. Neutrons and gamma rays were measured with two 

types of organic scintillators combined with a high-speed 

digitizer, at Korea Institute of Nuclear Nonproliferation and 
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Control (KINAC). Two types of digital PSD algorithm were 

applied for discriminating between neutrons and gamma 

rays, which are the charge comparison (CC) method and the 

constant time discrimination (CTD) method. And we fo-

cused on finding an optimized parameter for two digital PSD 

methods respectively.

1. Experimental Setup
A solution-based stilbene scintillator (2 in. × 2 in., Inrad 

Optics) and an EJ-301 liquid scintillator (2 in.× 2 in., ELJEN 

TECHNOLOGY) were used for detecting neutrons and gam-

ma rays. The stilbene scintillator was coupled to a H6525 PMT 

(3 in. diameter, HAMAMATSU) and EJ-301 detector was cou-

pled to a R7724 PMT (2 in. diameter, HAMAMATSU). The 

H6525 PMT was operating at -1,400 V and the R7724 PMT 

was operating at -1,050 V. The anode signal of PMT was sent 

directly to a high-speed digitizer: DT5730 (500 MS/s, 14-bit 

resolution, CAEN). Throughout the experiment, the sampling 

rate of DT5730 digitizer set to 500 MS/s, therefore, the interval 

between each sample corresponds to 2 ns. For data analysis, 

data was stored in PC, and the PSD parameter was calculated 

with the Matlab® software. A standard disk type 137Cs source 

was used as a gamma-ray source and a capsule type 252Cf 

source was used as a fast neutron source to investigate the 

PSD response of the detector. Detailed information of radia-

tion sources is shown in Table 1.

As shown in Figure 1, the radiation source was located  

25 cm away from the detector. Each source was measured for 

20 minutes.

In this experiment setup, the output signal of PMT is con-

nected to the DT5730 digitizer without a charge sensitive 

preamplifier or a shaping amplifier. So, deposited energy of 

an incident particle associated with each pulse corresponds 

to the sum of ADC channel values in each pulse, and we call 

it as an ‘integrated charge’ of pulse. We used the 137Cs source 

to calibrate the integrated charge of stilbene scintillator and 

EJ-301 liquid scintillator pulses to the deposited energy. En-

ergy calibration was performed assuming Compton edge 

energy of 477.34 keVee at 80% height of edge maximum [13]. 

Figure 2 shows spectra of integrated charge per each pulse 

created on the stilbene and EJ-301 liquid scintillators using 

the 137Cs source for the calibration measurement. In the inte-

grated charge pulse spectrum of 137Cs, integrated charge val-

ues of 15,645 and 12,865 pulses correspond to the 477.34 ke-

Vee Compton edge of 661.67 keVee for the EJ-301 liquid 

scintillator and the stilbene scintillator, respectively. As dif-

Table 1. List of Radiation Sources Used in the Experiment

Isotope Source type Activity Reference date

137Cs (661.67 keV, Gamma ray) Disc type 50 μCi 2008. 09. 01
252Cf (Neutron and gamma ray) Capsule type 90 μCi 2015. 10. 15

Fig. 1. Configurations of neutron/gamma-ray measurement experiment using a stilbene scintillator detector (A) and an EJ-301 liquid scintilla-
tor (B).

A B

Fig. 2. Energy-channel calibration of the stilbene scintillator and the 
EJ-301 liquid scintillator using 137Cs.
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ferent types of PMTs were connected to the EJ-301 liquid 

scintillator and stilbene scintillator, relative light yields of two 

scintillators were hard to compare with these data only.

 

Materials and Methods

In organic scintillators, the decay time of fluorescence de-

pends on the type of incoming particles. When radiation 

particles are incident on the organic scintillator, radiation 

particles mainly excite π-electrons, and they are raised to 

singlet states (Ss) or triplet states (ST). Prompt fluorescence, 

which is known as the fast component of the scintillation 

process, is emitted when excited π-electrons in the Ss state 

return to the ground state. The lifetime of the Ss, which is 

measured in nanoseconds, is shorter than that of the ST 

which can be up to 1 millisecond [14]. The delayed fluores-

cence, which is known as the slow component of the scintil-

lation process, is emitted when the particle in the ST state 

transferring to the Ss before returning to the ground state. 

Therefore, fluorescence emission is delayed. At low excita-

tion densities, almost no interaction between excited mole-

cules occurs, so all singlet excitation decay rapidly. In con-

trast, the triplet annihilation is bimolecular and therefore de-

pends on excitation density, so delayed fluorescence, origi-

nating from triplet annihilation, is observed under high exci-

tation density. For incident particles of high energy-loss rate 

in a medium, one can expect to see increased excitation 

density of electrons at vicinity, so can one for the triplet state 

density [2]. In scintillators, heavy charged particles created 

by neutron capture reactions and recoil protons generated 

by elastic scatterings of neutrons, exhibit much greater ener-

gy-loss rates than primary and secondary electrons generat-

ed by gamma rays. Therefore, one can observe relatively 

higher density of triplet states and, thus, an increased frac-

tion of delayed fluorescence from the neutron interaction in 

organic scintillators [15].

Some organic scintillators, including stilbene scintillators 

and a few commercial liquid scintillators, offer excellent PSD 

performances because slow components of the light emis-

sion will appear differently depending on the incident radia-

tion particles [1, 16]. Therefore, we can use various PSD 

methods utilizing the difference between decay times of 

gamma-ray and neutron pulses from the stilbene scintillator 

and the EJ-301 liquid scintillator. Two types of PSD algo-

rithms were implemented on off-line analysis using a Mat-

lab® code to calculate PSD parameters for each signal. Two 

types of PSD algorithm, are the charge comparison method 

and the constant time discrimination method, as described 

below in detail.

1. Charge comparison (CC) method
First, we performed the digital PSD using the charge com-

parison method. As mentioned above, the neutron pulse has 

a longer decay time than that of gamma-ray pulses because 

the recoil proton, generated by the neutron elastic scattering, 

provokes longer delayed emissions from the scintillator than 

electrons from gamma ray interactions do. Therefore, the CC 

method makes use of the difference in the fraction of delayed 

fluorescence between the signal generated by the neutron 

and the signal generated by the gamma ray as shown in Fig-

ure 3. This method uses the ratio of Qslow to Qlong as a PSD pa-

rameter. In here, Qlong is integrated charge of the total signal 

Fig. 3. Schematics of charge comparison method implementation on neutron and gamma signals from the stilbene (A) and the EJ-301 liquid 
scintillator (B) detectors.
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and Qslow is integrated charge from a specific beginning point 

to end of radiation signal.

The PSD parameter in the CC method can be defined as 

follows:

(1)

Where Tt,s and Tt,e are the beginning and the end point of 

the integral range used for the integration charge of Qlong, 

while ∆Ts,s is the time interval between the beginning point 

of radiation signal and beginning point of integral range used 

for the integration charge of Qslow. ∆Ts,s is one of the most im-

portant factors affecting the performance of the PSD in the 

CC method, and Tt,s and Tt,e will also affect the performance 

of PSD in the CC method. 

  

2. Constant time discrimination (CTD)
We also performed the digital PSD using the CTD method. 

This method is based on the shape difference of integrated 

pulses which is normalized to the full integral value of the 

whole signal. As shown in Figure 4, we integrated the raw 

pulse signal obtained by the digitizer with 2 ns interval, for a 

certain amount of time period (slightly longer than typical 

pulse width) and normalized the integral pulse to the maxi-

mum value of each signal, i.e. the full integral value. As men-

tioned above, since the decay time of the neutron pulse is 

longer than the gamma ray pulse, the PSD parameter value 

of the normalized integral neutron pulse is to be smaller than 

that of the normalized integral gamma-ray pulse at a con-

stant time. Here, the PSD parameter in the CTD method can 

be defined as follows (Figure 4):

(2)

Where Ts,e is the time after a constant time from Tt,s, therefore 

the amplitude of the integral pulse at Ts,e normalized to the 

full amplitude pulse is defined as the PSD parameter. In this 

respect, Ts,e is one of the most important factors affecting the 

performance of the PSD in this method. In addition, Tt,s and 

Tt,e can also affect the performance of PSD in the CTD method.

Fig. 4. Schematics of constant time discrimination method implementation on neutron and gamma signals from the stilbene (A) and the EJ-
301 liquid scintillator (B) detectors. Upper figures illustrate raw signals as-captured from the digitizer, whereas lower figures show integrated 
pulses of the raw signals for PSD application and normalized for illustration. 
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3. Figure of Merit (FOM)
The FOM can evaluate the separation performance of the 

PSD technique. The FOM can be obtained by plotting a dis-

tribution of the PSD parameter. FOM values are defined as 

FOM = ∆/(∆γ+∆n), where ∆ is the distance between peak 

centroids of each PSD parameter distribution, while ∆γ and 

∆n are full width at half maximum (FWHM) values of gam-

ma and neutron PSD parameter distributions, respectively, 

as shown in Figure 5. Therefore, the higher the FOM value, 

the greater the distance between neutrons and gamma-ray 

PSD parameter distribution, indicating that the PSD capabil-

ity is more optimized.

To calculate the FOM value, both neutron and gamma-ray 

peaks of PSD parameter distribution were fitted with Gauss-

ian-shaped curves. In principle, two particles are considered 

to be completely distinguished from each other, if the FOM 

value is greater than 1.5 [17].

4. PSD parameter optimization
As an attempt to maximize the FOM value, we calculated 

FOM values while changing thresholds for starting time (Tt,s) 

and stopping time (Tt,e) in both methods, the time interval 

(∆Ts,s) for the CC method and the fractionating instance (Ts,e) 

after Tt,s in the CTD method. In case of the stilbene scintilla-

tor, the time interval (∆Ts,s) and the fractionating instance 

(Ts,e) were varied from 20 ns to 42 ns, increasing by 2 ns. The 

threshold was varied from 1% to 2.5% of the maximum am-

plitude of pulses, increasing by 0.5%. In case of the EJ-301 

liquid scintillator, those were changed from 16 ns to 32 ns 

with 2 ns steps and the threshold from 0.1% to 1.5% with 0.5% 

step. Considering the average pulse width of the scintillators 

being 44 ns for stilbene and 34 ns for EJ-301 at overall energy 

range, ∆Ts,s in CC and Ts,e in CTD over 44 ns for stilbene and 

34 ns for EJ-301 will become less meaningful because it will 

already cover the full width of the pulse after this. 

Discussion and Results
 

Figure of merit (FOM) results for both scintillators using 

CC and CTD PSD methods are illustrated in Figure 6. When 

thresholds for Tt,s and Tt,e were varied, thresholds of 1.5% and 

0.5% of the maximum amplitude showed good performanc-

es for the stilbene scintillator and the EJ-301 liquid scintilla-

tor, respectively. Optimal thresholds for the stilbene scintilla-

tor (Figure 6A and 6B) turned out to be higher than that of 

the EJ-301 liquid scintillator (Figure 6C and 6D).

The difference between optimal thresholds of the two 

scintillation detectors is speculated to have relationship with 

the light output difference between the two scintillators. The 

light yield of the stilbene scintillator is known to be about 

1.76 times greater than the EJ-301 liquid scintillator [18, 19]. 

However, the H6525 PMT, which is connected to the stilbene 

scintillator, shows a gain of about 3× 104 when it is operating 

at -1,400 V [19] and the R7724 PMT, which is connected to 

the EJ-301 liquid scintillator, shows a gain of about 1 × 105 

when -1,050 V was applied for signal acquisition [19]. There-

fore, the signal output of the EJ-301 liquid scintillator with 

the R7724 PMT is expected to be larger than that of the stil-

bene scintillator with the H6525 PMT for the same radiation 

energy. In addition, the maximum amplitude of the integrat-

ed charge signal will become larger for the scintillator with 

shorter decay time, as the total integrated charge value of the 

signal will be conserved in proportion with the light output 

from the radiation energy deposition. Mean decay times of 

first 3 components of light output are 4.3 ns, 34.8 ns, 332 ns 

for the stilbene scintillator [20] and are 3.16 ns, 32.3 ns, 270 

ns for the EJ-301 liquid scintillator [18]. The prompt portion 

of the decay time is shorter for the EJ-301 liquid scintillator, 

and the EJ-301 liquid scintillator detector will tend to exhibit 

larger amplitude signals compared to the stilbene scintillator 

detector providing the same gain settings for the same total 

light output. This also accounts for the typical pulse width 

results on both scintillators, where stilbene detector tends to 

show longer pulse widths. As shown in legends of Figure 6, 

optimal threshold (relative to the maximum amplitude rep-

resented in %) of the stilbene scintillator detector tends to be 

higher than that of the EJ-301 liquid scintillator detector.

Fig. 5. The distribution of PSD parameters in CC method and the 
definition of FOM.
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Figure 6 also shows the FOM value depending on ∆Ts,s of 

CC method and Ts,e of CTD method applied for the stilbene 

scintillator (Figure 6A and 6B) and the EJ-301 liquid scintilla-

tor (Figure 6C and 6D). In case of stilbene detector with the 

CC method, the FOM value increases until ∆Ts,s becomes 36 

ns and becomes saturated (Figure 6A). In the CTD method, 

the FOM value starts to show saturation after Ts,e is 34 ns (Fig-

ure 6B). ∆Ts,s and Ts,e values with the highest FOM were 

achieved at 36 ns and 34 ns, respectively for the stilbene scin-

tillator detector. In case of EJ-301, optimized ∆Ts,s and Ts,e 

were 32 ns and 30 ns, respectively. When a time parameter 

(∆Ts,s or Ts,e) of 34 ns or more is applied to the EJ-301 liquid 

scintillator, the PSD parameters were not able to be calculat-

ed for many signal pulses as one can tell from a typical pulse 

shape shown in Figure 3, making it impossible to calculate 

FOM values either. In this regard, time parameters (∆Ts,s or 

Ts,e) tested here were kept under 32 ns for the EJ-301 liquid 

scintillator detector and 42 ns for the stilbene scintillator de-

tector. In addition, faster processing of the signal that also 

takes up less memory is always desired, therefore, PSD pro-

cessing of pulses with unnecessarily long-time parameters 

would be meaningless. Optimized ∆Ts,s and Ts,e for EJ-301 

was shown somewhat smaller than those for stilbene scintil-

lator, because the decay time of EJ-301 liquid scintillator and 

the time response value of R7724 PMT were shorter. 

The result of the PSD experiment using the CC method 

and the CTD method, obtained with optimized time vari-

ables, is shown in Figures 7 and 8. Two-dimensional PSD 

plot at full energy range and the distribution of PSD parame-

ters were obtained by measuring 252Cf and 137Cs sources. One 

can observe high-counts in the 300 to 500 keVee region of 

gamma-ray area of PSD plots (Figures 7 and 8). This high-

count region corresponds to the Compton edge and the 

Compton continua regions of 137Cs. Comparing high count 

regions of 137Cs obtained by two different PSD methods ap-

plied on the same type of scintillators show similarities with 
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each other, which buttresses compatibility and reliability of 

both PSD methods in relationship with each other. Opti-

mized PSD variables that present the highest FOM value us-

ing the CC method and the CTD method are summarized in 

Table 2. FOM values, higher than 1.5, were achieved for all 

cases with these optimized PSD variables.

In Figures 7B, 7D, 8B, and 8D, FOM values and profiles of 

neutron/gamma-ray separation at different energy regions 

(300 ± 100 keVee, 500 ± 100 keVee, 700 ± 100 keVee) are 

shown. At 300 keVee, 500 keVee, and 700 keVee regions, FOM 

values were shown to be greater than the FOM values in the 

full energy range. Figure 9 shows the FOM value depending 

on ∆Ts,s of CC method and Ts,e of CTD method applied for the 

stilbene scintillator (Figure 9A and 9B) and the EJ-301 liquid 

scintillator (Figure 9C and 9D) at different energy regions. As 

energy value increases, the size and the duration of the pulse 

increases. Therefore, the larger the energy value of the re-

gion, the FOM value tends to be higher with larger time vari-

ables. However, the FOM value was maintained above 1.5 

even with the optimized PSD variables for the full energy 

range shown in Table 2. This shows that we can obtain a de-

sirable FOM value which can clearly distinguish neutrons 

from gamma rays regardless of the energy step using the op-

timized PSD parameters in Table 2. This is in line with our 

goal of making a dual-particle imager.

In this study, EJ-301 liquid scintillator showed slightly bet-

ter FOM values than stilbene, however, one cannot simply 

conclude the EJ-301 liquid scintillator is a better detector for 

PSD methods, as we did not bring other factors that can be 

still optimized – PMTs used for each detector, detector effi-

ciency, handling issues etc. – into our consideration for neu-

tron detection in a complex radiation field. Furthermore, 

when utilizing these scintillators for a dual-particle imager, a 

detection efficiency as well as PSD performance is a major 

Fig. 7. (A) PSD plot at full energy range and (B) distribution of PSD parameter at various energies obtained with the CC method in the opti-
mized set-up, using the stilbene scintillator measuring 252Cf and 137Cs sources. (C) PSD plot at full energy range and (D) distribution of PSD 
parameter at various energies obtained with the CC method in the optimized set-up, using the EJ-301 liquid scintillator measuring 252Cf and 
137Cs sources.
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Table 2. Optimized Threshold and Time Variables Conditions for 
PSD at the Full Energy Range

Scintillator
PSD  

Method

Thresholds for Tt,s, Tt,e 
(relative to the  

maximum amplitude)

Optimal time 
variable

FOM 
value

Stilbene CC method 1.5% ∆Ts,s =36 ns 1.70
CTD 1.5% Ts,e =34 ns 1.70

EJ-301 CC method 0.5% ∆Ts,s =32 ns 1.79
CTD 0.5% Ts,e =30 ns 1.79

Fig. 8. (A) PSD plot at full energy range and (B) distribution of PSD parameter at various energies obtained with the CTD method in the opti-
mized set-up, using the stilbene scintillator measuring 252Cf and 137Cs sources. (C) PSD plot at full energy range and (D) distribution of PSD 
parameter at various energies obtained with the CTD method in the optimized set-up, using the EJ-301 liquid scintillator measuring 252Cf and 
137Cs sources.
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consideration. In this regard, stilbene detector could have an 

advantage of being solid-state over the EJ-301 liquid scintil-

lator, to be implemented in a dual-particle imager. 

Conclusion

 As an initiative attempt to implement the digital PSD tech-

nique on the stilbene scintillator detector and the EJ-301 liq-

uid scintillator detector using a high-band width digitizer 

DT5730, this study was performed to deduce optimized PSD 

variables for the CC method and the CTD method using the 

two types of scintillator detectors. Optimized PSD variables 

was selected by comparing FOM values depending on 

thresholds, time interval (∆Ts,s for CC) and constant time (Ts,e 

for CTD) at the full energy range. We obtained FOM values 

higher than 1.5, with both scintillator detectors using the CC 

method and the CTD method Especially, the high FOM val-

ue was obtained even at 200-500 keVee which is the Comp-

ton continua region of 137Cs. The stilbene scintillator detector 

and the EJ-301 liquid scintillator detector did not show sig-

nificant differences in its PSD performance between the CC 

method and the CTD method. Better PSD performance for 

the stilbene scintillator and the EJ-301 scintillator were ob-

served by adjusting time interval and constant time values to 

a certain range at each energy step and the full energy range. 
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Thresholds to determine the beginning and the ending 

points to process the signal is also an important parameter to 

consider in digital PSD technique. The FOM difference of 

more than 0.5 was observed in some cases, by changing 

threshold values from 1.5% to 0.5% of the maximum ampli-

tude (Figure 6C and 6D). This shows that PSD performance 

can be substantially affected by the determination of the 

threshold. Optimized variables for two digital PSD methods 

can provide reference values for developing a fast neutron/

gamma-ray dual-particle imager with the stilbene scintillator 

and the EJ-301 liquid scintillator as feasibility discussed in 

one of previous studies [10-12]. 
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