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The KISS has been developed to study the β-decay
properties of neutron-rich nuclei around neutron num-
ber N = 126 which determine the r-process path
and form the third peak of the elemental abundance
(A∼195).1,2) The detector system of the KISS requires
high detection efficiency for low-energy β-rays because
the nuclei of interest have small Q-value around 2
MeV. In addition, the system should be operated in
a low-background environment because of the low pro-
duction rates of these nuclei. Although the tolerable
count rate of the background depends on the produc-
tion rates, our ultimate goal is to set around several
tens of counts per day, allowing access to these nuclei.

The detector system of the KISS consists of β-ray
telescopes, Ge detectors, and a tape transport system.
A schematic view of the detector system is shown in
Fig. 1. For particle identification, three Ge detectors
are employed to detect K-X rays emitted from the nu-
clei of interest. To efficiently count low-energy β-rays
with low background, the β-ray telescopes are com-
posed of three double-layered thin plastic scintillators;
the thicknesses of the first and second layers are 0.5
mm and 1 mm, respectively. The solid angle of the
β-ray telescopes is 90% of 4π.

The β-ray telescopes worked as designed. The en-
ergy spectra of the scintillators were in good agreement
with Geant4 simulations. A comparison of energy de-
posit in the first layer between the simulation and the
measured result is shown in Fig. 2. The measured ef-
ficiency of the β-ray telescopes for low-energy β-rays
emitted from a 90Sr/90Y source was 55.4(15)% with an
energy threshold of 20 keVee for the first layer and 30
keVee for the second layer.

The background rate of the β-ray telescopes was
measured to be 5 cps. The origins of the background
were considered to be cosmic rays and electrons scat-
tered by γ-rays from natural activities. Initially, to
reduce the cosmic rays, a veto counter system was in-
stalled, which consisted of plastic scintillators. The
configuration of the plastic scintillators was designed
based on the Geant4 simulation, and the designed
value of the veto efficiency was 92% for 1 GeV muon.
The veto counter reduced the previous background rate
by 1.1 cps. In addition, to reduce the room back-
ground of γ-rays from natural activities, we installed
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Fig. 1. Schematic view of the detector system.
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Fig. 2. Energy deposit distribution of the first layer for β-

rays from the 90Sr/90Y source.

shields with low-activity Pb blocks and reduced the
background rate by 2.4 cps. Finally, by raising the
energy threshold of the second layer to 70 keVee with-
out significant sacrifice of the detection efficiency for
β-rays of interest, we reduced the background rate by
0.3 cps. In total, we reduced the background rate to
1.2 cps from 5 cps.

The main component of this background rate is en-
vironmental γ-rays and accidental coincidence rate in
an extra active area of the scintillators. We will replace
the present telescopes with new ones consisting of gas
counters and thin plastic scintillators. Gas counters
will be constructed with a small amount of materials
to reduce the Compton scattering of γ-rays.
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In June 2014, we performed missing-mass spec-
troscopy on the deeply bound pionic atoms to mea-
sure their binding energies and widths.?,?) The Q val-
ues of the 122,117Sn(d,3He) reactions were measured us-
ing BigRIPS near the π− emission threshold. We suc-
ceeded in accumulating a sufficient number of events
and achieved the best Q-value resolution in the spec-
troscopy of the Sn(d,3He) reaction thus far. In this
paper, we report how we achieved the resolution.
We improved two aspects. First, the emittance and

momentum spread of the primary beam were reduced
by optimizing accelerator parameters. Second, the op-
tics of the beam-transfer line was adjusted to real-
ize optimum dispersion matching. Here, the “beam-
transfer line” indicates the beam line from the exit of
SRC to the F0 focal plane in BigRIPS.
The emittance and momentum spread were moni-

tored using the beam position and angle at the achro-
matic focal plane F3 and the dispersive focal plane
F5 in BigRIPS. According to these measurements, the
voltage and phase of the flat top cavity of SRC, the
phase of the RF of RRC, and the voltage of the re-
buncher were optimized. We also optimized the phase
slit inside and the double slits downstream of the AVF
cyclotron. After optimization, we achieved an emit-
tance of 0.2 × 2.0 πmm·mrad (horizontal) and a mo-
mentum spread of 0.027% (σ), which are dramatic im-
provements from those achieved in the pilot experi-
ment: an emittance of 0.7 × 3.0 πmm·mrad and mo-
mentum spread of 0.04% (σ).
To adjust the dispersion at F0, a new method was

developed using position information at the F3 and
F5 focal planes. In our experiment, we developed new
ion optics with finite dispersion at F0 to realize the
dispersion-matching condition.?) However, there are
no high-precision position/angle detectors in the beam-
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transfer line to tune the optics. In the new method, the
momentum deviation of the particle and the position
at F0 can be deduced through position measurements
at F3 and F5 using the following equations:

x0 = x3/(x|x)03,

δ = (x5 − (x|x)35x3)/(x|δ)35.

Here, x0, x3, and x5 are the positions at the F0, F3, and
F5 focal planes in BigRIPS, respectively. (x|x)03 and
(x|x)35 are the magnifications from F0 to F3 and from
F3 to F5, respectively. (x|δ) represents dispersion. Be-
cause of achromatic transport from F0 to F3, (x|δ)03
is assumed to be 0. These transfer matrix elements
of BigRIPS were measured in advance by setting the
optics of the beam-transfer line to the standard mode,
in which the F0 focal plane was achromatic. Figure 1
shows the 2D plot of the deduced δ and x0. By using
this method, we could measure and improve the new
optics in the beam-transfer line.

As a result, we succeeded in improving the Q-value
resolution. The peaks in the online spectrum of the
present experiment were clearly narrower than those
of similar past experiments. The precise analysis is in
progress.
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Fig. 1. Scatter plot of x0 versus δ deduced from x3 and x5.

The slope corresponds to the dispersion at F0.
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