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Development of a next-generation PSD type neutron detector,
NiGIRI†

H. Matsuzawa,∗1 S. Nishimura,∗2 T. Isobe,∗2 and K. Ieki∗1

The azimuthal angle correlation of neutrons (n) and
charged particles (p, d, t, ...) with respect to the re-
action planes in heavy-ion collisions is a powerful ap-
proach for studying equation of state (EOS) in high
density nuclear matter.

A next-generation neutron detector, NiGIRI (Neu-
tron, ion, and Gamma-ray Identification for Radioac-
tive Isotope beam), is designed to achieve (a) particle
identification capability with pulse-shape discrimina-
tion (PSD), (b) high detection efficiency, and (c) high
energy resolution. Feather, it is designed to be appli-
cable for multiple particle detections.

NiGIRI is comprised of arrays of detectors, con-
sisting of plastic scintillators (ELJEN EJ299-33,
35×35×60 mm3), ultra-high quantum efficiency pho-
tomultiplier tubes (Hamamatsu H11265-200), and
MPPCs (Multi-Pixel Photon Counter, Hamamatsu
S10985-100C). The arrays are capable of particle dis-
crimination and position sensibility. A newly devel-
oped plastic scintillator EJ299-33 with PSD capability
is employed for identifying neutrons from gamma1,2).
A novel concept followed by NiGIRI is that it recon-
structs the particle interaction points in the scintillator
by measuring the pulse height and the timing of the
PMT and each MPPC attached on the side of the scin-
tillator (Fig.1).

The performance of the PSD was investigated using
a neutron source (252Cf), where two charge-integrated
QDCs with different gate widths were measured. One
gate covers the whole signal and the other covers only
the tail part of the signal. The duration of the two
gates (total and tail) were 850 ns and 800 ns. Figure
2 shows the correlation plots between the tail and the
total QDC values. The neutrons and gamma rays are
separated.

Fig. 1. The overview of the prototype NiGIRI detector.
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Fig. 2. Pulse shape discrimination between neutrons and

gamma rays in EJ299-33.

Position reconstruction of the particles on the sur-
face of the entrance window (35×35 mm2) was esti-
mated using β rays from 90Sr source, where a 10 mm
Al plate with a 1.5 mm diameter hole was used as a col-
limator. The time difference of signals between PMT
and MPPCs was measured. The deviation of the in-
teraction point with regard to depth was ignored in
the position calibration owing to its relatively shorter
range of β-ray relative to the length of the scintillator.
We reconstructed the incident position from the time
difference of the averaged two MPPCs between diag-
onal corners. The position resolution is estimated to
be σx = 5.8 ± 0.2 mm and σy = 6.9 ± 0.4 mm after
the position calibration. Improvement of the position
resolution is anticipated by further correction.

Reconstruction of the interaction point in beam di-
rection is under investigation. After the optimization
of the prototype NiGIRI detector, mass production of
the NiGIRI array will be initialed.
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Development of gating grid driver for SPiRIT TPC

T. Usukura,∗1,∗2 T. Isobe,∗2 H. Baba,∗2 and K. Ieki∗1

The symmetry energy part of the nuclear equation
of state (EOS) influences various phenomena in nu-
clear astrophysics, nuclear structure, and nuclear reac-
tions. The behavior of nuclear symmetry energy can
be probed through a measurement of the π−/π+ ratio
in heavy ion collisions. For this purpose, experiments
using the Time Projection Chamber (TPC) installed in
SAMURAI magnet1) have been proposed.2) The TPC
is necessary to measure charged particles such as pions,
protons, and light ions in high multiplicity environ-
ment produced by heavy ion collisions. When we per-
form the experiments at SAMURAI, heavy ions pass
through TPC as well as light charged particles, result-
ing in gain reduction due to the production of a large
amount of ions from the avalanche process around an-
ode wires. To avoid such a gain reduction, gating grid
wires are located prior to the avalanche region. Tech-
niques to protect the avalanche region have been well
established.3) In the open gate mode, all the gating
grid wires are held at the same potential V

G
, admitting

electrons from the drift volume to enter the avalanche
region. In the closed gate mode, the gating grid is bi-
ased with a bipolar field (positive side:V

G
+∆V , nega-

tive side:V
G
−∆V ), which prevents electrons from the

drift volume to reach the avalanche region. The closed
gate prevents ions created in the avalanche processes
of previous events from drifting back into the drift vol-
ume. A gating grid driver (GGD) was developed to
realize such protection of the TPC. Figure 1 shows a
prototype of the GGD. The design is based on the E907
TPC GGD.4)

Fig. 1. Prototype of gating grid driver.

The GGD performance was studied by using a Xe
beam at HIMAC. Since we could not use the TPC for
SAMURAI, we used the BRAHMS TPC5) to check
the GGD performance. A CsI target was located in
front of the TPC so that light charged particles can be
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measured as well as the Xe beam. T2K-TPC electron-
ics were used to read out 256 (4 ×64) pads. Without
switching the gating grid wire using the GGD, we ob-
serve a gain attenuation at the beam rate of 10kpps.
On the other hand, such a gain attenuation can be
suppressed by switching the gating grid wire. The
switching potential (V

G
) is the same as that for the

BRAHMS experiment.5) Though we can suppress the
gain attenuation, the base line is fluctuated every time
by the gate operation, which generates a large noise on
the pad readouts with respect to the signal from the
MIP particles. One of the main reasons of the noises
from the GGD is the different rise times in the positive
and negative sides although the sum of the positive and
negative side voltages (2V

G
) should be controlled to be

constant. Since the noise shape caused by the GGD is
similar among different events, we calibrate the base-
line shape with a pedestal run and reconstruct the hit
position after the subtraction of the baseline. Figure 2
shows the position resolution along the wire axis of
the TPC after the calibrated baseline is subtracted.
The position resolution under the bad noise condition
created by the GGD is similar to the resolution with
GGD. This implies that the noise created by the GGD
can be made insignificant by subtracting the baseline
as far as the position resolution is the same.

Fig. 2. Position resolution along wire axis as a function of

flash ADC sampling frequency for each case, with and

without GGD.
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