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Low-pressure MWDC system for ESPRI experiment (II)

Y. Matsuda,∗1,∗2 J. Zenihiro,∗2 S. Terashima,∗2,∗3 and H. Sakaguchi∗2,∗4

Elastic scattering of protons with RI beams (ESPRI)
has been used to study the ground-state properties of
unstable nuclei1). In ESPRI experiments, the trajecto-
ries of the RI beams, the energy and intensity of which
are respectively 200-300 MeV/nucleon and 105–6 parti-
cles per second, should be measured. Recently, in order
to improve the detection efficiency and tracking resolu-
tion, a low-pressure multi wire drift chamber (MWDC)
system was constructed2). This report describes the
characteristics evaluated with various beams ( 132Xe
and its secondary beams) and detector gases (CH4,
C2H6, and i-C4H10).

The experiment was performed at NIRS-HIMAC.
Figure 1 shows the detection efficiency for the 300
MeV/nucleon Xe beam when the pressure of each gas
was controlled at 50 Torr. The beam intensity was
5×103 particles per pulse (pulse width of 1 s). The
threshold voltage of the ASDs was −20 mV. The def-
inition of symbols in Fig. 1 is the same as in Sec.
2.3 of Ref. 3. For all the gases, the efficiency reaches
100%. While the voltage increased with an increase in
the pressure, the voltage at ≤ 50 Torr was almost un-
changed. Figure 2 shows the position resolution for an
X plane. For all gases at 50–200 Torr, the resolution
reaches about 50 µm (rms).

Fig. 1. Detection efficiency at 50 Torr for Xe beam. (a)

CH4, (b) C2H6, and (c) i-C4H10.

Next, the dependence of these quantities on the
beam intensity and energy was investigated. The data
corresponding to 300 ×103 particles per pulse are plot-
ted with closed markers in Fig. 1 and 2. The data in-
dicate negligibe intensity dependence. This is because
of a small cell size of 5 mm. The results for the 200
MeV/nucleon Xe beam were the same as above.

Finally, the detection efficiency for a cocktail beam
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Fig. 2. Position resolution at 50-200 Torr for Xe beam. (a)

CH4, (b) C2H6, and (c) i-C4H10.

Fig. 3. Total detection efficiency at 50 Torr for secondary

beams. (a) CH4, (b) C2H6, and (c) i-C4H10.

was investigated. Figure 3 shows the total detection
efficiency for the Z =25, 35, and 40 particles when the
pressure of each gas is 50 Torr. Except for the absolute
voltage, a specific difference of the tendency does not
exist among the gases.

In summary, we evaluated the characteristics of a
low-pressure MWDC system with heavy-ion beams.
The detection efficiency and position resolution reach
100% and about 50 µm, respectively, with all the
tested gases (CH4, C2H6, and i-C4H10). These results
demonstrate that the constructed system is suitable as
a beam tracker for ESPRI experiments, and the system
shows potential for experiments using various heavy-
ion beams.
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Development of a new low-energy neutron detector with pulse shape 
discrimination properties for (p,n) experiments

L. Stuhl,∗1 M. Sasano,∗1 K. Yako,∗2 J. Yasuda,∗3 and T. Uesaka∗1

We are planning to investigate the spin-isospin re-
sponses of light nuclei near the neutron drip line1)

using a new experimental technique2) to measure the
(p,n) reaction in inverse kinematics. This method has
already been successfully applied to 132Sn isotope3) at
RIKEN. In these inverse kinematical reactions, the de-
tection of recoil neutrons is crucial for missing mass
reconstruction, but it is affected by the high gamma-
ray background (∼1 kHz). Therefore, reducing the
background event rate is of high priority. To achieve
a higher signal-to-noise ratio in neutron detection, the
possibility of online separation of neutrons and gam-
mas is a key challenge.4) One must ensure that only
useful (p,n) events are tagged during the experiment.
This helps in conducting experiments with higher in-
tensity and efficiency at the same time.

We are designing a neutron detector system (as an
upgrade for WINDS5) (Wide-angle Inverse-kinematics
Neutron Detector for SHARAQ)) using new advan-
tages of the plastic scintillator composition.6) From the
very beginning of neutron detection, pulse shape dis-
crimination (PSD) between neutrons and gamma rays
in plastic scintillators has been an unsolved problem.
The new EJ-299-34 type plastic scintillator7,8) by Eljen
Technology can perform neutron and gamma-ray dis-
crimination neutron pulses contain more light in their
tail region than gamma-ray pulses. The first prototype
of large volume (30×5×2.5 cm3) plastic scintillator de-
tector bars has already been designed and constructed.
It is wrapped with mylar foil and coupled to two Hama-
matsu H7195 photomultiplier tubes (PMTs) at each
end.

PSD measurements were performed by irradiating
the scintillator with an unshielded 252Cf source, which
was placed on the surface of the scintillator. The
charge integration method9) with analog electronics
was applied to perform PSD. The parameters of dis-
crimination were empirically optimised. To quantify
the efficiency of the neutron and gamma peak separa-
tion of our scintillator bar, the Figure of Merit (FoM)
was obtained while projecting the bidimensional dis-
crimination spectrum at a given energy. The FoM val-
ues were calculated in a manner similar to that de-
scribed in Blanc et al.9)

The obtained PSD spectrum for the prototype de-
tector is presented in Fig 1. FoM values of 0.77 at 300
keVee and 0.81 at 500 keVee energies were obtained
for our large volume detector. A similar type of detec-
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Fig. 1. Neutron/gamma discrimination spectra from proto-

type detector when exposed to a 252Cf neutron source.

tor with significantly smaller size (2”× 2” (in diam.))
and shape (circular cylinder) was investigated in Ces-
ter et al.7), where FoM values of 0.92 at 300 keVee and
1.05 at 500 keVee were deduced. In this study a digital
read out module (CAEN V1720) was used, which could
also increase the efficiency of PSD. We believe that the
lower FoM values obtained in our measurements are
essentially due to the larger scintillator volume of our
detector that probably blurs light collection.

The position sensitivity of the PSD along the scintil-
lator bar was also tested. We conclude that the PSD
capability decreases by only less than 15% when the
distance between the source and the PMT along the
detector bar changes from 5 cm to 25 cm.

Henceforth, the CAENs V1730Dmodule will be used
in the construction of digital readout systems. We
are planning to complete the development and fur-
ther optimize the PSD, while increasing the FoM and
decreasing the separation threshold. Construction of
all detector bars and study of the properties of the
upgraded spectrometer in experimental conditions are
also scheduled.
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