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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, 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 installed 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-III using the
19Tm + OAr, 208Pp + “OAr, 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) 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. In 2022, the quasielastic barrier distribution of the
SV 4+ 28Cm reaction was extracted by measuring the excitation function of quasielastic backscattering using GARIS-III at SRI-
LAC. The result was utilized to estimate the optimal incident beam energy for production of isotopes of new element 119 in the
28Cm(lV, xn)?**119 reactions. We also measured the excitation functions for the evaporation residues and the quasielastic scatter-
ing of the 3!V + °Tb reaction to deepen our understanding of the 3! V-induced reaction on the deformed target.

(3) Study of chemical properties of the heaviest elements

Chemical characterization of newly-discovered SHEs is an extremely interesting and challenging research subject in modern
nuclear and radiochemistry. In collaboration with Nuclear Chemistry Research Team of RIKEN Nishina Center, we are developing
SHE production 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 2022, 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 extraction apparatus which consists of a continuous dissolution apparatus Membrane DeGasser (MDG), a Flow Solvent
Extractor (FSE), and a liquid scintillation detector for a/SF-spectrometry. In collaboration with Osaka University, co-precipitation
behavior of No (Z = 102) with BaSO4 and CaC,0, was also investigated with 2°No produced in the 2*3Cm('2C, 5n)>>No reaction at
the AVF cyclotron.
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H. Haba (invited), “Production and applications of radioisotopes at RIKEN RI Beam Factory—Search for new elements through diagnosis
and therapy of cancer—,” Laser Solutions for Space and the Earth 2022 in OPTICS & PHOTONICS International Congress 2022 (OPIC
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Korea, October 3-7, 2022.

M. Tanaka (oral), “Optimal reaction energy for synthesis of element 119 via 3!V + 2*8Cm reaction probed by quasielastic barrier distribu-
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[Domestic Conferences/Workshops]

KHAEE (OFERER), M1, PR, RO, FEERREGLA, TERMER, SPGB, BILHE, T32Th + 'Li BRIBIC X > THERKT %
U [FNAR®D ICP-MS 12 & 3 &, HARBEHMbLAA2E 66 BIFTHwS (2022), XX, 2022 £ 9 A 15-17 H.

BB (AR, SRR S, Wb sith, WRPGaae, KEDGR, SB IR, I HEAHS, i, ENER, REiIHRA, BN, PG,
BEE— BRE, (759 r—F 20 102 BLE /) — Y 7 A OWNEERE M ER ), HARBEHLZERE 66 315
£ (2022), KX, 2022 £ 9 A 15-17 H.

FRPERESE (O TEFEER), BB, KENCTS, Thil, Ha K, BUKH, PG, miath, BIRE, AR, TRf O FEEIC
MY 7z Zr, HE, Th O 2 D, ~ v YBERTO 7 v — AW FE ), HARBSHLFERE 66 BIFTHHS (2022), XHIX, 2022 £ 9 H
15-17 H.

PRGHEIN RHEHR), R THARE~FNIRIY —L 7 727 ) —0DLK 255FT7 A4V b =T~ S EE 7 +— 5 A
5575 BIaHRBE R, TEHFEMEEOFH OIEKIZHAI T, XEKX & > 74 >,2022 4 10 A 29 H.

17 NER (KA R —F3R), ] HRE, Pierre Brionnet for nNSHE Collaboration, [HT7GERE D 72 DI X i L F —HEE 2 A
17251V 4+ DOTb @& SIS D SRR E 1, DAY S 2023 EEEFERE, AV T4 >, 2023 4E£3 A 2225 H.

TG (R A X —%3%), I HRE, Pierre Brionnet for nSHE Collaboration, #HItE &M D 72 8 O & iE f 6T L ¥ —HEZ IR
723V + 99T @E KGO REES A HIE 1, HARYHES 2023 EEFRR, A 74 >, 2023 4£ 3 A 22-25 H.

EAEN (RR & —%RK), ;] 1HRE, Pierre Brionnet for nSHE Collaboration, [#Hi7tZE & D 72 O b L X —#EZIZ AT
72 5V + 159Tb @lE RGO RERE AR HIE 11, HAYEE R 2023 SFHEFRR, AV 74 >, 2023 4£3 A 22-25 H.

Outreach Activities
PHGEN RFEE), THITETHARE—RIBE RO 259374 Y b —7—), Bty K2 A2 25 28 [IFEHES, AE,
2022 £ 9 H 6 H.

PIGTEE (AT, == AFEAADED D ), IR E &5 AR R A2, ADE, 2022 48 11 A 16 H.

-274 -



