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1. Abstract

The Wako Nuclear Science Center (WNSC) of KEK aims to promote low-energy nuclear physics, nuclear astrophysics research,
and interdisciplinary studies using short-lived radioactive nuclides. WNSC operates the KEK Isotope Separation System (KISS),
an electromagnetic isotope separator featuring elemental selectivity from resonance laser ionization in a gas catcher. The KISS
facility uniquely provides various neutron-rich isotopes of refractory elements and the nuclei in the vicinity of the neutron magic
numbers N = 126 and N = 152 via multinucleon transfer reactions to users from universities. Optical and S-y spectroscopy and mass
spectrometry have been applied to these neutron-rich nuclear beams for nuclear structure and nuclear astrophysical studies. WNSC
leads comprehensive mass measurements of all nuclides available at RIBF using multi-reflection time of flight mass spectrographs
(MRTOF-MS). Three MRTOF setups were placed at the GARIS-II, the beam dump of the ZeroDegree spectrometer, and KISS—the
masses of more than 400 nuclides, including dozens of first masses, were measured. An upgrade plan, KISS-1.5, has been proposed
to study the origin of uranium for the first time.

2. Major Research Subjects
(1) Production and manipulation of radioactive isotope beams for nuclear experiments
(2) Explosive nucleosynthesis (7- 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 upgrade facility, KISS-1.5

3. Summary of Research Activity

The Wako Nuclear Science Center (WNSC) provides low-energy, short-lived radioactive ion beams of neutron-rich refractory
elements to university researchers using the KEK isotope separation system (KISS). Laser spectroscopy of neutron-rich refractory
elements, including long-lived isotopes, is uniquely performed using the resonant laser ionization scheme of KISS and the MRTOF
device’s capability of isobaric separation. In FY2023, four experiments were performed at KISS: the isomeric states search in the
hafnium isotopes and the isotope shift measurements at the tungsten and rhenium isotopes were successfully carried out. The com-
missioning experiment of a large-volume argon gas cell was also done to improve the capability of the KISS.

The WNSC team leads comprehensive mass measurements of all nuclides available at RIKEN RIBF using three MRTOF mass
spectrographs: GARIS-II MRTOF, ZeroDegree MRTOF, and KISS MRTOF. We have continued the mass measurement study of
the superheavy nuclei with the GARIS-II MRTOF and established a new method for the excitation function measurement with the
MRTOF. The commissioning of the new experimental setup based on the GARIS-II MRTOF, aiming at the future new isotope search,
was done successfully.
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flight mass spectrograph at ZeroDegree spectrometer,” PhD Thesis, The University of Hong Kong, October 2023.
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[International Conferences/Workshops]

T. Niwase (oral), “High-precision direct mass measurement of (super) heavy nuclides with MRTOF via GARIS-II and KISS setups,”
TASCAZ23, 20th Workshop on Recoil Separator for Superheavy Element Chemistry & Physics, Hybrid (Darmstadt, Germany and
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