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Abstract— This article presents a composite (COM) method to
obtain the high-resolution pulse shape discrimination (PSD) for
the neutron and gamma-ray pulses generated from scintillation
detectors. The method, which is based on a selective combination
of the digital charge integration (DCI) with the reference pulse
method, aims to reduce the mixed radiation events in the low-
energy range. An EJ-301 liquid scintillation detector together
with a fast sampling analog-to-digital converter (ADC) is used
to measure and digitize the pulses induced from the radioactive
decays of 60Co and 252Cf, which are then analyzed by our COM
method. The proposed method is evaluated using the figure
of merit (FoM) and separation quality function F(u), and the
results are compared with three known methods, namely the DCI,
standard event fit (SEF), and artificial neural network (ANN)
methods. We show that the average values of FoM and F(u)
obtained within the COM method are about ten times higher than
those obtained within the DCI and SEF in the whole energy range
from 50 to 1000 keV electron equivalent (keVee). In particular,
by using the COM method, the percentage of gamma events
being confused as neutrons ranges from 0.32% to 8.80% when
the energy is reduced from 400 to 50 keVee. This finding, which is
significantly lower than those obtained by using the DCI and SEF,
indicates that the proposed COM method should be considered as
a leading method for producing a neutron/gamma PSD counter
system with high resolution.

Index Terms— Discrimination parameter, neutron/gamma high
resolution, neutron/gamma pulse shape discrimination.

I. INTRODUCTION

THE scintillation detectors have been popularly used for
the neutron measurement systems due to their high
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efficiency, but it is too sensitive to gamma rays. The neu-
tron/gamma pulse shape discrimination (PSD) is one of the
most effective solutions to reduce the effect of gamma on
the neutron detection results. The deposited neutron energies
in the scintillation liquid, which have a distribution from
zero to a maximum kinetic energy of the recoil particles,
are converted to the pulse amplitudes, which also have a
distribution from zero to a maximum conversion value. The
typical shapes of the converted pulses are, thus, dependent
on the interaction types induced by neutron or gamma par-
ticles in the scintillator [1], [2]. However, these typical pulse
shapes are often affected by the electronic noise and statistical
fluctuations, leading to the deformation of the pulse shapes.
Such unexpected deformations restrict the capacity of the PSD
methods as well as the applications of scintillation detectors.
Especially, in the low-energy range below 100 keVee, the pulse
tails generated from the scintillation detectors are strongly
affected by the electronic noise. Consequently, the efficiency
of neutron/gamma PSD becomes very low and the correspond-
ing figure of merit (FoM) values of most PSD methods are less
than 1. Therefore, the improvement of the neutron/gamma PSD
efficiency has become an interesting topic, which has attracted
many research and studies.

Among the neutron detectors, the fast neutron detector
using the EJ-301 scintillation liquid is sensitive to both
neutron and gamma rays [1], [2]. By coupling the scin-
tillator with a photomultiplier tube (PMT), one is able to
collect the scintillating lights produced via the interactions
between the radiations with the scintillation liquid and convert
them into the voltage pulses, whose shapes can be used
to distinguish between the neutron and gamma events. The
emission light from each deexcited decay of EJ-301 scin-
tillator has fast and slow decay components, which are
associated with different proportions of neutron and gamma
rays [3]–[5]. Many neutron/gamma PSD techniques have
been recently developed, including the analog, digital, and
artificial intelligent implementations such as the charge com-
parison (CC) [6], zero crossing (ZC) [6]–[8], digital charge
integration (DCI) [2], [7], [9], frequency gradient analysis
(FGA) [10], pulse gradient analysis (PGA) [4], correlation
pattern recognition (CPR) [11], [12], digital zero crossing
(DZC) [13], threshold crossing time (TCT) [14], curve fitting
(CF) [11], standard event fit (SEF) [15], discrete wavelet trans-
form (DWT) [16], histogram-difference method (HDM) [17],
artificial neural network (ANN) [18]–[20], Gaussian mixtures
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