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Superheavy Element Research Group
Superheavy Element Production Team

1. Abstract

The elements with atomic number Z > 104 are called as trans-actinide or superheavy elements (SHEs). Superheavy Element
Production Team synthesizes SHE nuclei including new elements and investigates synthesis mechanisms of SHE nuclei, nuclear
properties of SHE nuclei, and chemical properties of SHEs in collaboration with Superheavy Element Devise Development Team and
Nuclear Chemistry Research Team of RIKEN Nishina Center.

2. Major Research Subjects
(1) Search for new superheavy elements
(2) Decay spectroscopy of the heaviest nuclei
(3) Study of reaction mechanisms for production of the heaviest nuclei
(4) Study of chemical properties of the heaviest elements

3. Summary of Research Activity
(1) Search for new superheavy elements

In November 2016, the 7th period of the periodic table was completed with the official approval of four new elements, nihonium
(Nh, atomic number Z = 113), moscovium (Mc, Z = 115), tennessine (Ts, Z = 117), and oganesson (Og, Z = 118) by International
Union of Pure and Applied Chemistry. We have started to search for new elements to expand the chart of the nuclides toward to the
island of stability and the periodic table of the elements toward the 8th period. In January 2020, RIKEN heavy-ion Linear ACcelerator
(RILAC) was upgraded as Superconducting RIKEN heavy-ion Linear ACcelerator (SRILAC). We developed the new gas-filled recoil
ion separator GARIS-III on the beam line of SRILAC. In June—July 2020, we conducted the commissioning of SRILAC and GARIS-
IIT using the '®Tm + “CAr, 2%Pb + 40Ar, and 2®Pb + °'V reactions. Since October 2020, we have been conducting a synthesis
experiment of isotopes of new element 119 in the 2*¥Cm + >'V reaction under the nSHE collaboration.

(2) Decay spectroscopy of the heaviest nuclei

In collaboration with KEK, we developed a multi-refection time-of-fight mass spectrograph (MRTOF-MS) equipped with an
a-TOF detector on the focal plane of GARIS-II at RRC for decay-correlated mass measurements of low-yield and short-lived SHE
isotopes. In 2021, the first high-precision direct determination of the atomic mass of a superheavy nuclide was successfully conducted
for Db (Z = 105) produced in the 2*Pb(>'V,21)>"Db reaction. The atomic masses of 2°%297¢™Ra were also measured in the
139TH(51V, 4;31)206:2072.mR 3 reactions.

(3) Study of reaction mechanisms for production of the heaviest nuclei

SHE nuclei have been produced by complete fusion reactions of two heavy nuclei. However, the reaction mechanism of the
fusion process is still not well understood both theoretically and experimentally. We measured excitation functions for the quasielastic
scattering of the 2Cm + 3!V reaction using GARIS III at SRILAC. The result was utilized to estimate the optimal incident beam
energy for production of isotopes of new element 119.

(4) Study of chemical properties of the heaviest elements

Chemical characterization of newly-discovered SHEs is an extremely interesting and challenging subject in modern nuclear and
radiochemistry. In collaboration with Nuclear Chemistry Research Team of RIKEN Nishina Center, we are developing SHE pro-
duction systems as well as rapid single-atom chemistry apparatuses for chemistry studies of SHEs. We installed a gas-jet transport
system to the focal plane of GARIS at RILAC. This system is a promising approach for exploring new frontiers in SHE chemistry: the
background radiations from unwanted products are strongly suppressed, the intense primary heavy-ion beam is absent in the gas-jet
chamber, and hence the high gas-jet extraction yield is attained. Furthermore, the beam-free conditions make it possible to investigate
new chemical systems. In 2021, we continued to develop an ultra-rapid gas-chromatograph apparatus, which consists of an RF carpet
gas cell and a cryo-gas-chromatograph column with a Si detector array, at the focal plane of GARIS for the gas chemistry of SHEs.
To realize aqueous chemistry studies of Sg (Z = 106) and Bh (Z = 107), we have been developing a continuous and rapid solvent ex-
traction apparatus which consists of a continuous dissolution apparatus Membrane DeGasser (MDG), a Flow Solvent Extractor (FSE),
and a liquid scintillation detector for @/SF-spectrometry. In 2021, we also conducted model experiments for ion-exchange studies of
Rf (Z = 104) in HNO3 and H,SO, using long-lived radiotracers of 8871 and !°Hf.
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