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Nuclear Science Research Division

Superheavy Element Research Group

1. Abstract

The elements with atomic number Z > 104 are called as trans-actinide or superheavy elements (SHEs). Superheavy Element
Research Group synthesizes SHE nuclei including new elements and investigates synthesis mechanisms of SHE nuclei, nuclear prop-
erties of SHE nuclei, and chemical properties of SHEs in collaboration with Superheavy Element Devise Development Team and
Nuclear Chemistry Group 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 + 40Ar, 2%Pb + “OAr, and 2%Pb + 3!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 excitation functions for the evaporation residues
and the quasielastic scattering of the 'V + 3°Tb reaction were measured to deepen our understanding of the >! V-induced reaction on
the deformed target. In 2023, the data obtained were discussed by comparing with the CCFULL and FDBM model calculations.

(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 Group 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 2023, 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
of No (Z = 102) with BaSO, and CaC,0, and solid-liquid extraction of No with the Eichrom Sr resin are under study using >>>No
produced in the 2Cm('?C, 5n)>>*No reaction at the AVF cyclotron.
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Visiting Scientists
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Tomasz CAP (Nat’l Centre for Nucl. Res.) Hiroyuki KOURA (JAEA)

Mahananda DASGUPTA (Australian Nat’l Univ.) Satoshi SAKAGUCHI (Kyushu Univ.)
Olivier DORVAUX (Univ. of Strasbourg) Mirei TAKEYAMA (Yamagata Univ.)
Benoit Jean-Paul GALL (Univ. of Strasbourg) Taiki TANAKA (Univ. of Strasbourg)
Zaiguo GAN (IMP, CAS) Huabin YANG (IMP, CAS)

David HINDE (Australian Nat’l Univ.) Zhiyuan ZHANG (IMP, CAS)

Minghui HUANG (IMP, CAS)

Student Trainees

Martin W. BORDEAU (Univ. of Strasbourg / IPHC) Haruki MATSUURA (Kyushu Univ.)
Margaux S.A. FORGE (Univ. of Strasbourg) Yuya MICHIMOTO (Kyushu Univ.)
Tomoki FUJII (Kyushu Univ.) Naoto MIYASHITA (Kyushu Univ.)
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Naoyuki KITAGAWA (Kyushu Univ.) Yuki YAMANOUCHI (Kyushu Univ.)

List of Publications & Presentations

Publications
[Original Paper]

K. Teranishi, R. Morita, Y. Hayakawa, A. Sakaguchi, A. Nakajima, Y. Komori, T. Yokokita, D. Mori, H. Haba, and A. Yokoyama,
“Incomplete fusion reaction producing Pa nuclides in the 2*>Th + "Li reaction,” Radiochim. Acta 111, 589-596 (2023).

[Review Article]
PHGEE, T O BIGHAMEH S O 74 Y b — F—Hn B DHER D & AEHE L T—J, FBNews No.558, 2-6 (2023).

Presentations
[International Conferences/Workshops]

H. Sakai (invited) for nSHE research group, “SHE research at RIKEN Nishina Center,” International Symposium on Physics of Unstable
Nuclei 2023 (ISPUN23), Phu Quoc Island, Vietnam, May 4-8, 2023.

H. Haba (invited), “Present status and perspective of superheavy element research at RIKEN,” Advances and Challenges in Nuclear
Fission and Quasi-Fission of Very Heavy and Superheavy Elements, Napoli, Italy, May 22-26, 2023.

T. Niwase (oral), P. Schury, M. Wada, P. Brionnet, S. D. Chen, T. Gao, T. Hasimoto, H, Haba, Y. Hirayama, D. Hou, S. l[imura, H. Ishiyama,
S. Ishizawa, Y. Ito, D. Kaji, S. Kimura, H. Koura, J. Liu, H. Miyatake, J. Y. Moon, K. Morimoto, K. Morita, D. Nagae, M. Rosenbusch,
A. Takamine, Y. X. Watanabe, H. Wollnik, W. Xian, S. Yan, and J. M. Yap, “Direct mass measurement of 2>”-2¥Db by using an MRTOF-
MS equipped with an a-TOF detector,” The 4th International Conference on Advances in Radioactive Isotope Science (ARIS), Avignon,
France, June 4-9, 2023.

H. Haba (invited), “Production and applications of radioisotopes at RIKEN RI Beam Factory—Search for new elements through therapy
of cancer—,” 5th International Conference on “Physics for Sustainable Development & Technology” (ICPSDT-2023), Chittagong,
Bangladesh, September 7-8, 2023.

H. Haba (invited), “Search for element 119 in the 3'V + 2*8Cm reaction,” The 7th International Conference on the Chemistry and Physics
of the Transactinide Elements (TAN23), Huizhou, China, November 12-17, 2023.

Y. Shigekawa (oral), A. Yamaguchi, N. Sato, A. Takamine, M. Wada, and H. Haba, “Development of a cryogenic RF-carpet gas cell for
the chemistry of superheavy elements,” The 7th International Conference on the Chemistry and Physics of the Transactinide Elements
(TAN23), Huizhou, China, November 12-17, 2023.

K. Morimoto (invited) for nSHE Collaboration, “Status of new element search at RIKEN,” 8th International Conference on Heavy-lon
Collisions at Near-Barrier Energies (Fusion2023), Shizuoka, Japan, November 19-24, 2023.

T. Niwase (oral), P. Schury, M. Wada, P. Brionnet, S. D. Chen, T. Gao, T. Hashimoto, H. Haba, Y. Hirayama, D. Hou, S. limura,
H. Ishiyama, S. Ishizawa, Y. Ito, D. Kaji, S. Kimura, H. Koura, J. Liu, H. Miyatake, J. Y. Moon, K. Morita, K. Morimoto, D. Nagae,
M. Rosenbusch, A. Takamine, Y. X. Watanabe, W. Xian, H. Wollnik, S. Yan, and J. M. Yap, “Direct mass measurement of superheavy
nuclides produced by fusion-evaporation reactions,” 8th International Conference on Heavy-Ion Collisions at Near-Barrier Energies
(Fusion2023), Shizuoka, Japan, November 19-24, 2023.

H. Haba (invited) for nSHE Research Group, “Search for a new element 119,” 6th Joint Meeting of the APS Division of Nuclear Physics
and the Physical Society of Japan, Hawaii, USA, November 26-December 1, 2023.

P. Schury (oral), T. Niwase, M. Wada, M. Rosenbusch, P. Brionnet, Y. Hirayama, D. Kaji, S. Kimura, K. Morimoto, M. Mukai,
Y. X. Watanabe, H. Haba, H. Wollnik, H. Ishiyama, W. Xian, and A. Takamine, “Decay-correlated time-of-flight mass spectroscopy
using multi-reflection time-of-flight mass spectrographs,” 6th Joint Meeting of the APS Division of Nuclear Physics and the Physical
Society of Japan, Hawaii, USA, November 26-December 1, 2023.

H. Haba (invited), “Production and applications of radioisotopes at RIKEN RI Beam Factory—Search for new elements through therapy
of cancer—,” RIKEN Symposium The 1st Conference of Accelerator-Based Science and Technology (CAST2024), Serpong, Indnesia,
February 19-22, 2024.
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[Domestic Conferences/Workshops]
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HNFEH (OSEFER), KHBSE, WEEE, TIHEM, a5k, EER, P, RO, #ILAEZ, 2Th + "Li BRIGICE
3% o SRIERY OER), HARBEHE R ERSE 67 BEES (2023), HILET (RERFZHEEE X v > 28R), 2023 /£ 9 H
21-23 H.
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H, BARBEHEARERREE 67 BIRERS (2023), BLET (KB KRFEHRILEF v > %R),2023 4£9 A 2123 H.

KERAT (DFEFRR), SRR EE, FF6aE, JEEBHU T, REICK, Tk, 2B KR, & TBGE, PG, EREK, mitiHEA, BN,
AL, BFEE, [ =XV D AOREEANY » L300, HARBEHE AR 67 BIRTERE (2023), HILET (LS REHEEE
¥y 2o%R),2023 £ 9 H 21-23 H.

FRPERRE (R R R —F83R), AR S, REET, BB, AR, Thil, 2SR AKRR, & THGE, P52, EIMER, rEEtiAEA,
B, Bk eth, BREE, [ —RU YLD 2 vEEH LS Y 2300, BABEHEESEREE 67 BFRE (2023), HILETH (A
EREHILEF ¥ > 0% R), 2023 /£ 9 A 21-23 H.

PG FEAEEE), TEIFCBI 259474 Y b= 085& L ISH~HTTROER D LB AEEE T~ ], HARERTERYESR
3 [BIAffRE, FET (BRILEHFSERT), 2023 4F 12 A 8-9 H.

REALE W (OUEFR), TR, FEEY, NREH T, BB, AR, T, Z=EHE, kA, ENEE, 90— 23— & 7,
TEIRE, PI5HE, 1104 BITE T ¥R — 27 A DFEEESEERIC BT 2 24 BER DM, HALERE 104 EFES (2024),
ARFET (HARKREHETETAE T v > 28R), 2024 4E 3 A 18-21 H.

[Seminar]

H. Haba (invited), “Synthesis and chemistry of superheavy elements,” Inspiring lecture, Badan Riset dan Inovasi Nasional (BRIN),
Serpong, Indnesia, February 21, 2024.

Awards

PPGESE, TEAA = 2HVRSAMKHAZ o474 Y =T ORSE), S 5 5 BfEiti % oSG R E KRR Bl
BeafiE (BHZERRF), 2023 4 4 A 19 H.

M. Tanaka, P. Brionnet, M. Du, J. Ezold, K. Felker, B. J. P. Gall, S. Go, R. K. Grzywacz, H. Haba, K. Hagino, S. Hogle, S. Ishizawa,
D. Kaji, S. Kimura, T. T. King, Y. Komori, R. K. Lemon, M. G. Leonard, K. Morimoto, K. Morita, D. Nagae, N. Naito, T. Niwase,
B. C. Rasco, J. B. Roberto, K. P. Rykaczewski, S. Sakaguchi, H. Sakai, Y. Shigekawa, D. W. Stracener, S. VanCleve, Y. Wang,
K. Washiyama, and T. Yokokita, “Probing optimal reaction energy for synthesis of element 119 from >'V + 2*Cm reaction with
quasielastic barrier distribution measurement,” J. Phys. Soc. Jpn. 91, 084201 (2022), 2023 Highly Cited Article (Award for top 10
articles highly cited in 2023, that were published in 2022), The Physical Society of Japan.

Outreach Activities

FRESE (), T=hR=Y AFKEADED D |, SSHY A TV 2 A 7 =, 0 AT (RIREAL M ARPEHE K, 2023 4F 6 A 8
H.

FBREN, THAADBBRCHITEESRTEIBL, 70 —X7 v FRIZ5E 2023, FFEmAIRE, 2023 £ 8 A 4 H.
https://www.riken. jp/pr/closeup/2023/20230804_1/index.html.

PG (BERE), 51 5 R 2 F4 THRANLFEI 2, &R (AR SIRE EEEY%), 2023 4 11 A 3 H.
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REX (A—27 FHE), 2024 2 A 7 H.

PSRN (EH#), T3 2 mREHR), TFC x TEL i@ 7w 77 ARl S, N3 FLR_FR=vLHEA L X5k 5H
HILREFERICANT T ALET GRALKZERFF v > %R),2024 3 A 9 H.
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