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The experiment NP-1306-Samurai14 is the first at-
tempt at determining fission barrier heights for un-
stable nuclei like 212Bi or 213Po1). For this the miss-
ing mass spectroscopy of the two protons from the
(p, 2p) reaction in inverse kinematics provides a suit-
able method of determining the threshold for the fis-
sion barrier height unambiguously and directly. We
report on the development status of the experimen-
tal setup for measuring the (p, 2p) reaction using the
heaviest projectiles.

The goal for the resolution power of the setup is to
achieve an energy resolution of σ=1 MeV for the recon-
structed excitation energy. The systematic uncertainty
in the reconstructed missing energy should be less than
0.1 MeV. To realize this goal we need to measure the
opening angle and energies of two emitted protons with
resolutions of σθop < 3 mrad and σEp/Ep < 2%.

The design of the (p, 2p) setup is schematically
shown in Fig. 1. The setup consists of a vacuum cham-
ber containing a liquid hydrogen target and three lay-
ers of single-sided detectors on two arms with respect
to the beam line. The reaction point and the emis-
sion angles of emitted protons are determined by the
silicon detectors in connection with the beam trackers
of the standard SAMURAI setup, BDC1 and BDC2.
The setup has additional plastic scintillation detectors
at a distance of 1.6 m from the target and outside the
vacuum chamber to measure the time of flight (TOF)
of protons in order to determine their kinetic energies.

We prepare two types of silicon detectors with the
same dimensions of 51 × 78 mm; the first type (type
A) is segmented to 768 strips parallel to the short side
with a 100 µm pitch, whereas the other type (type B)
has 498 strips parallel to the long side with the same
pitch size as type A.

The three layers in one arm are structured in this
way: The closest one to the target is type A, from
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which two sets of type A and B detectors are placed
at a center distance of 10 cm to fit the solid angle
coverage. They are mounted in parallel with the beam
line as shown by the red lines in Fig. 1, aligning the
shorter side of the detector vertically.

The type A and B detectors are used to determine
horizontal and vertical positions of proton tracks, re-
spectively. To meet the requirements on the open-
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Fig. 1. Target chamber (top view) including three layers of

one-dimensional silicon strip detectors on each side.

ing angle and proton energy measurements, the thick-
nesses of the detectors must be thin as long as the
signal-to-noise ratio in the charge readout of each strip
allows a clear detection of protons. We aim at using
50 µm silicon detectors for the innermost layer and 100
µm ones for the others, to satisfy the requirements. At
the end of 2014, 100 µm ones were ordered. A readout
system based on the highly integrated APV25 chips2)

is currently set up for full system tests.
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Slow neutron detector WINDS for (p, n) reaction
in inverse kinematics with SAMURAI
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In April 2014, we performed the SAMURAI17 ex-
periment1) at RIKEN RIBF to study Gamow-Teller
transition on 132Sn by using (p, n) reaction with the
Wide-angle Inverse-kinematics Neutron Detectors for
SHARAQ (WINDS)2) and the SAMURAI spectrome-
ter.

Figure 1 shows a schematic view of the experimen-
tal setup around the target. The secondary beam was
transported to a 10 mm thick liquid hydrogen target,
which was surrounded by the WINDS to detect re-
coil neutrons. From the measured neutron time-of-
flight (TOF) and recoil angle, the excitation energy
and center-of-mass scattering angle are determined.

The WINDS consists of 61 plastic scintillators with
sizes of 600 × 100 × 30 mm3. In this experiment 12
scintillators of the ELENS3) with sizes of 1000 × 45 ×
10 mm3 were also installed. The left and right walls
with respect to the beam line covered the angular re-
gion from 20 to 122 degrees with 5 degree steps. Top
and bottom walls covered the angular region from 16
to 74 degrees with 3.5 degree steps. Each detector is
placed such that the 30-mm-wide (WINDS) or 10-mm-
wide (ELENS) plane is oriented to the target direction
and placed at a distance of 900 mm (1200 mm) from
the target for left and right (top and bottom) walls.

The charge signal from each PMT is digitized by a
CAEN V792 QDC. The timing signal is processed by
a leading-edge discriminator (LeCroy 4413) and digi-
tized by CAEN V1190 TDC. In order to maintain a
low threshold of neutron detection, the PMT voltage
is kept to be as high as possible, typically -2700V and
-2500V for H7195 and H7415. The threshold for light
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output in the scintillator was set to be 70 keV proton
energy.

The timing resolution of WINDS bar was estimated
by using prompt γ ray from the liquid hydrogen target.
The timing reference was taken from the plastic scin-
tillators SBT1,2 whose timing resolution is typically 40
ps in FWHM. The observed peak width of the prompt
γ ray was 800 ps in FWHM which is most due to the
timing resolution of WINDS. This timing resolution
corresponds to energy resolution of ∆E/E = 11%.

The neutron-detection efficiency depends on the en-
ergy of neutrons as well as the threshold on light out-
put. The typical efficiency with a threshold of 60
keVee was estimated by using the Monte Calro code of
MCNP4), and it varied from 40% at 0.6 MeV neutron
to 20% at 4 MeV neutron. The efficiency calibration
was performed by locating a neutron source of 252Cf
at the target position with a NE213 liquid scintillator
whose absolute efficiency as well as energy and thresh-
old dependence are well known. The data analysis is
currently in progress.
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Fig. 1. A schematic view of the WINDS setup.
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