RIKEN Accel. Prog. Rep. 55 (2022) VI. RNC ACTIVITIES

Partner Institution
Wako Nuclear Science Center, IPNS (Institute of Particle and Nuclear Studies)

KEK (High Energy Accelerator Research Organization)

1. Abstract

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),
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 via multinucleon transfer reactions to the users from
universities. Its provision of nuclei in the vicinity of the neutron magic number N = 126. Optical and 8-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 an in-jet laser ionization scheme—have been performed to improve the performance of the
KISS facility. The WNSC also leads comprehensive mass measurements of all-available nuclides 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 the KISS. The masses of more ore than 400 nuclides, including superheavy elements, were measured so far. KISS-
II is being considered a future project of WNSC. Combining KISS and MRTOF technologies, 10,000 times more performance than
conventional methods are expected. It aims 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 (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-IT

3. Summary of Research Activity

The Wako Nuclear Science Center (WNSC) provides low-energy short-lived radioactive ion beams of neutron-rich refractory ele-
ments to researchers from universities using the KEK isotope separator system (KISS). In FY2021, five experiments with a total of 69
participants from 3 domestic institutes were executed. Due to the restrictions of COVID-19, the participation of foreign collaborators
was limited, and no experiment with foreign spokesperson was conducted. A highlight at the KISS facility was the discovery of a new
uranium isotope by means of mass spectrometry, described in a different article of this report.

The team of WNSC leads comprehensive mass measurements of all available nuclides at RIKEN RIBF using multiple MRTOF
mass spectrographs. KEK announced a press release for the first mass measurement of superheavy elements performed at the GARIS-
MRTOF facility. It claims a new method for identifying new elements via a high precision mass measurement. Mass measurement
of dubnium isotopes continued with a new sulfide target, allowing the use of much higher primary beam intensity. A newly installed
In-MRTOF mass filter eliminates molecular contaminants in a mass spectrum, making possible accurate mass determinations without
a need for decay correlation. Mass measurements at the BigRIPS-SLOWRI facility of RIBF continued for more exotic isotopes of
nickel. In total, more than 400 nuclides were measured in the campaigns led by WNSC.

The WNSC plans to extend the present KISS facility to investigate the nuclides in the neutron-rich region of uranium using the
multi-nucleon transfer reactions of actinide targets to study the origin of uranium. The IPNS organized review committee meetings
for the design report of KISS-II and received high marks and helpful suggestions.
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