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1. Abstract

The Wako Nuclear Science Center (WNSC) of KEK aims to promote low-energy nuclear physics and nuclear astrophysics research
and interdisciplinary studies using short-lived radioactive nuclei. WNSC operates the KEK Isotope Separation System (KISS), an
electro-magnetic isotope separator featuring elemental selectivity from resonance laser ionization in a gas catcher. The KISS facility
provides various neutron-rich nuclei via multinucleon transfer reactions. Of particular significance is its provision of nuclei in the
vicinity of the neutron magic number N = 126. Optical and 5~y spectroscopy have been applied to these neutron-rich nuclear beams
for nuclear structure and nuclear astrophysical studies. In addition, several new developments—a rotating target, a donut-shaped gas
cell, and an in-jet laser ionization scheme—have been performed to improve the performance of the KISS facility. The WNSC has also
developed multi-reflection time of flight mass spectrographs (MRTOF-MS) for precision mass measurements of short-lived nuclei in
collaboration with the RIKEN SLOWRI team and the Institute of Basic Science (IBS), Korea. After successful mass measurements
combined with the GARIS-II at RILAC, the existing MRTOF-MS setup has been renewed for use with the GARIS-II relocated after
the ring cyclotron for high precision mass measurements of superheavy nuclides. Furthermore, additional MRTOF-MS setups have
been placed at KISS and F11 of the ZeroDegree Spectrometer for comprehensive mass measurement.

The Wako Nuclear Science Center (WNSC) of KEK aims to promote low-energy nuclear physics and nuclear astrophysics research
as well as interdisciplinary studies using short-lived radioactive nuclei. WNSC operates the KEK Isotope Separation System (KISS)
which is an electro-magnetic isotope separator featuring elemental selectivity from the use of resonance laser ionization in a gas
catcher. The KISS facility provides various neutron-rich nuclei via multinucleon transfer reactions. Of particular significance is its
provision of nuclei in the vicinity of the neutron magic number N = 126. Optical and S-y spectroscopy have been applied to these
neutron-rich nuclear beams, for nuclear structure and nuclear astrophysical studies. Several new developments—a rotating target, a
donut-shaped gas cell, and in-jet laser ionization scheme—have been performed to improve the performance of KISS facility. The
WNSC has also developed multi-reflection time of flight mass spectrographs (MRTOF-MS) for precision mass measurements of
short-lived nuclei in collaboration with the RIKEN SLOWRI team and the Institute of Basic Science (IBS), Korea. After successful
mass measurements in combination with the GARIS-II at RILAC, the existing MRTOF-MS setup has been renewed for use with the
GARIS-II relocated after the ring cyclotron for high precision mass measurements of superheavy nuclides, and additional MRTOF-MS
setups have been placed at KISS and at F11 of the ZeroDegree Spectrometer for comprehensive mass measurements of more than one
thousand nuclides.

2. Major Research Subjects
(1) Production and manipulation of radioactive isotope beams for nuclear experiments.
(2) Explosive nucleosynthesis (r- and rp-process).
(3) Heavy ion reaction mechanism for producing heavy neutron-rich nuclei.
(4) Development of MRTOF mass spectrographs for short-lived nuclei.
(5) Comprehensive mass measurements of short-lived nuclei including superheavy elements.
(6) Development of KISS-II.

3. Summary of Research Activity

The Wako Nuclear Science Center (WNSC) provides low-energy short-lived radioactive ion beams to researchers from universities
using the KEK isotope separator system (KISS). Research activities in RIKEN RIBF were restricted due to the COVID-19 pandemic
for more than half of the JFY2020. During the governmental “stay home” period, the WNSC researchers worked on writing research
papers and technical development at home. Five physics papers were published for the experiments conducted at KISS, including two
experiments right before a national state of emergency was declared. A press release was announced on one of the experiments to
advertise the KISS uniqueness that can provide low-energy neutron-rich isotopes of refractory elements. These nuclides are essential
ones for the study of the origin of gold in the universe.

In late September, a part of the activities was restarted at the laboratory. Modification of the KISS beamline has started to
perform decay spectroscopy of pure isobaric or isomeric nuclides by placing the detector array behind a multi-reflection time-of-flight
(MRTOF) mass spectrograph. When the modification is completed in JFY2021, simultaneous spectroscopy of multiple species will
be realized thanks to the spectrographic future of the MRTOF device and a gamma-ToF detector that is under development.

The WNSC is conducting a campaign of comprehensive mass measurements of all available nuclides at RIKEN RIBF in collab-
oration with RIKEN’s SLOWRI team. A new combined gas cell and MRTOF device were installed in front of the beam dump of the
BigRIPS in-flight fragmentation separator. A series of online commissioning experiments were conducted using parasitic beams of
the in-beam gamma-ray spectroscopy experiments (HiCARI campaign) in November—December 2020. The energetic radioactive ion
beams passing through the upstream experiments’ target were guided to the gas cell and converted to trapped ions for precision mass
measurements using the MRTOF mass spectrograph.

The total system efficiencies were studied with various elements. While some species were diverse across molecular sidebands
(e.g., ScOH), more than 1% efficiencies were obtained for heavier nuclides (e.g., Te and Sb). In sum, the commissioning campaign
was highly successful, with more than 70 atomic masses measured with the parasitic beams. The masses of three nuclides (88As,
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89As, 112Mo) have been measured for the first time, and eleven other nuclear masses improve the present uncertainty significantly.

The WNSC plans to extend the present KISS facility to investigate the nuclides in the neutron-rich region of uranium using the
multi-neutron transfer reactions of actinide targets to study the origin of uranium. The primary studies of the future facility are in
progress.
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