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Accelerator Applications Research Division

Nuclear Chemistry Group

1. Abstract

The Nuclear Chemistry Group develops production technologies of useful radioisotopes (RIs) at RIKEN RI Beam Factory (RIBF)
and applies them in the research fields of physics, chemistry, biology, engineering, medicine, pharmaceutical and environmental sci-
ences. The purified RIs such as 657n, 57Cu, 33Sr, #3Y, and '°°Cd are delivered to universities and institutes through Japan Radioisotope
Association. We also develop new technologies of mass spectrometry for the trace-element analyses using accelerator techniques and
apply them to the research fields such as cosmochemistry, environmental science, archaeology, and so on. We perform various isotopic
analyses on the elements such as S, Pd, and Pb using ICP-MS, TIMS, and IRMS. We also develop radioactive targets and sources for
nuclear physics experiments and ion-source materials such as 2¥UO, and **CaO for ECR ion sources of the heavy-ion accelerators at
RIBF.

2. Major Research Subjects
(1) Research and development of RI production technologies at RIBF
(2) RI application research
(3) Development of trace element analyses using accelerator techniques and their applications to geoscience and archaeological
research fields
(4) Development of radioactive targets and sources for nuclear physics experiments and ion-source materials for ECR ion sources
of the heavy-ion accelerators at RIBF

3. Summary of Research Activity
(1) Research and development of RI production technologies at RIBF and RI application research

Due to its high sensitivity, the radioactive tracer technique has been successfully applied for investigations of the behavior of
elements in the fields of chemistry, biology, engineering, medicine, pharmaceutical and environmental sciences. We have been de-
veloping production technologies of useful radioisotopes (RIs) at RIBF and conducting their application studies in collaboration with
many researchers in various fields. With 30-MeV proton, 24-MeV deuteron, 50-MeV alpha, and 70-MeV 7Li beams from the AVF
cyclotron, we presently produce about 100 RIs from "Be to 2°Np. Among them, ®Zn, ’Cu, % Sr, 38Y, and 'Cd are delivered to
Japan Radioisotope Association for fee-based distribution to the general public in Japan. Our Rls are also distributed to researchers
under the Supply Platform of Short-lived Radioisotopes for Fundamental Research (FY2016-2027) and the Radioisotope Collaborative
Interdisciplinary Development Platform (FY2023-2032) supported by MEXT. On the other hand, RIs of a large number of elements
are simultaneously produced from metallic targets such as "Ti, "* Ag, ""Hf, 197 Ay, and 232Th irradiated with a 135 MeV/nucleon “N
beam from the RIKEN Ring Cyclotron. These multitracers are also supplied to universities and institutes as collaborative research.

In 2023, we developed production technologies of RIs such as 28Mg, H8Te 139Ce, 41Ce, 149Eu, 15 Tb, 199Er, 1°YDb, 195 Au, 211 At,
212pp, 224Ra, 2% Ac, 2*°Pa, and 2*Np which were strongly demanded but lack supply sources in Japan. We also investigated the
excitation functions for the °F(a, x), *Sc(e, x), " Ti(’Li, x), " Cu(c, x), "'Cu(’Li, x), *Co(a, x), **Tb(a, x), " Dy(c, x), ""Yb(d, x)
reactions to effectively and quantitatively produce useful RIs. We used radiotracers of ''¥Te, 13°Ce, 4°Eu, 1>>Tb, '9Er, %> Au, 2! At,
and ?*°Pa for application studies in chemistry, '4'Ce, 2!'At, and ?*>Ac in nuclear medicine, and %’Cu, '®Yb, ! Au, and ?''At in
engineering. We also produced %Zn, ¢’Cu, ¥Sr, #Y, and '’Cd for our scientific research on a regular schedule and supplied the
surpluses through Japan Radioisotope Association to the general public. In 2023, we accepted 4 orders of ®*Zn with a total activity of
21.7 MBq, 4 orders of #Sr with 23 MBg, and 1 order of '’Cd with 2 MBq. We also distributed Mg (1 MBq X 2), ’Cu (10 MBq x
1), 8Zr (1 MBq x 1 and 2 MBq x 1), 3Zr (10 MBq x 2), > Nb (2 MBq x 1), '*!Ce (0.24 MBq x 1), ”Hf (1 MBq x 1 and 2 MBq
x 1), 7"Ta (1 MBq x 1), and 2'' At (5 MBq x 4, 10 MBq x 1, 20 MBq x 3, 25 MBq x 1, 30 MBq x 2, 37 MBq x 1, 50 MBq x 1,
60 MBq X 2, 80 MBq x 1, and 100 MBq x 3) under the Supply Platform of Short-lived Radioisotopes for Fundamental Research and
the Radioisotope Collaborative Interdisciplinary Development Platform.

(2) Superheavy element chemistry

Chemical characterization of newly-discovered superheavy elements (SHEs, atomic number Z > 104) is an extremely interesting
and challenging research subject in modern nuclear and radiochemistry. We are developing SHE production systems as well as rapid
single-atom chemistry apparatuses at RIBF. Using heavy-ion beams from SRILAC and AVF, 2°'Rf (Z = 104), *Db (Z = 105),
20580 (Z = 106), and 2°°Bh (Z = 107) are produced in the 2*3Cm('30, 51n)?°'Rf, 2*5Cm('°F, 5n)*2Db, 2*8Cm(**Ne, 51)**Sg, and
248Cm(**Na, 51)?%°Bh reactions, respectively, and their chemical properties are investigated.

We installed a gas-jet transport system to the focal plane of the gas-filled recoil ion separator GARIS at SRILAC. 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 condition makes 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 future gas-phase chemistry of the short-lived SHEs (half-life 7/, < 1 s). To realize
aqueous chemistry studies of Sg and Bh, 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
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for @/SF-spectrometry. On the other hand, in collaboration with Osaka University, co-precipitation of No (Z = 102) with BaSO,4 and
CaC, 0y and solid-liquid extraction of No with the Eichrom Sr resin are under study using >>>No produced in the >*Cm('2C, 51)>>No
reaction at the AVF cyclotron. We also produced radiotracers of 8°Sr, %3Zr, > Nb, '33Ba, " Hf, and !"°Ta at the AVF cyclotron and
conducted model experiments for aqueous chemistry studies on No, Rf, and Db.

(3) Development of trace element analyses using accelerator techniques and their applications to geoscience and archaeological
research fields

We have been developing the ECR Ion Source Mass Spectrometer (ECRIS-MS) for trace element analyses. We renovated the
detection system of ECRIS-MS and evaluated its sensitivity and mass resolution power. We equipped a laser-ablation system with an
ion source and a pre-concentration system to achieve high-resolution analyses for noble gases such as Kr and Xe.

Using the ICP-MS, TIMS, IRMS, and so on, we studied Pb and S isotope ratios on cinnabar and biological samples (collagen)
from ancient ruins in Japan to elucidate the distribution of goods in the archaic society. We have established a sampling technique
for pigment without any damages on the artifacts or wall paintings, using a sulfur-free adhesive tape since 2019. This technique was
applied to analyze vermilion samples collected from archaeological sites. In FY2023, three types of vermilion were analyzed. The
first was vermilion excavated from tombs dating from the Yayoi Period to the Kofun Period in Japan, the second was excavated from
tombs dating from the Pre-Qin Period (the Shang, Spring and Autumn, Warring States Period, etc.) in China, and the third was used
for murals on the Roman sites in the Iberian Peninsula. Furthermore, since 2021, we have been developing a method for the analyses
of 3 isotopic abundance ratios (*2S, **S, and **S) of sulfur as a new parameter for identification of source mine. We analyzed the
possibility of exploring the MIF (mass-independent-fractionation) effect. This is also expected to provide a new parameter for the
analysis of environmental dynamics.

In FY2023, we operated ICP-MS, making it a shared-use instrument, and analyzed 324 samples from five laboratories.

(4) Development of radioactive targets and sources for nuclear physics experiments and ion-source materials for ECR ion
sources of the heavy-ion accelerators at RIBF
In 2023, we fabricated 2*Cm,O; targets by a molecular plating method to search for new element 119 in the
28CmC'V, xn)*°~*119 reaction under the nSHE collaboration.
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Y. Higurashi (poster), T. Nakagawa, J. Ohnishi, H. Haba, and G. M. Saquilayan, “Production of intense uranium ion Beam for RIKEN RI
Beam Factory,” 20th International Conference on Ion Sources (ICIS’23), Vancouver, Canada, September 17-22, 2023.

M. Fukase (oral), H. Nagahama, K. Nakamura, N. Ozawa, M. Sato, S. Nagase, T. Nakashita, D. Uehara, and Y. Sakemi, “Present status of
high intensity Fr source development to search for the EDM,” Symposium University of Tokyo—ETH Zurich—University of Zurich,
ETH Zurich, Switzerland, October 15-17, 2023.

A. Yamaguchi (invited), Y. Shigekawa, H. Haba, M. Wada, and H. Katori, “Laser spectroscopy of triply charged thorium-229 isomer
toward a nuclear clock,” The 9th Symposium on Frequency Standards and Metrology, Kingscliff, NSW, Australia, October 16-20,
2023.

S. Takeda (poster), I. O. Umeda, A. Yagishita, M. Katsuragawa, T. Orita, G. Yabu, R. Tomaru, T. Takahashi, F. Moriyama, H. Sugawara,
S. Watanabe, H. Mizuma, K. Ohnuki, H. Fujii, L. R. Furenlid, Y. Kanayama, A. Nambu, X. Yin, and H. Haba, “High-spatial-resolution
imaging of rhenium-186 produced by accelerator-based synthesis,” 2023 IEEE Nuclear Science Symposium, Medical Imaging Confer-
ence and Room Temperature Semiconductor Detector Conference (IEEE NSS MIC RTSD 2023), Vancouver, Canada, November 4-11,
2023.

H. Haba (invited), “Production of astatine-211 for targeted a-particle therapy at RIBF,” 8th High Power Targetry Workshop, Wako, Japan,
November 6-10, 2023.

H. Haba (invited), “Search for element 119 in the 'V + 2*Cm 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
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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.

T. Nakashita (poster), M. Sato, H. Haba, H. Nagahama, K. Nakamura, S. Nagase, M. Fukase, S. Kumahara, K. Shirasaki, K. Tsukada,
H. Kikunaga, and Y. Sakemi, “Search for fundamental symmetry by trapping francium atoms,” Summit of Mater. Science 2023 and
GIMRT User Meeting 2023, Sendai (Katahira Campus, Tohoku University), Japan, November 20-22, 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.

Y. Sakemi (oral), H. Nagahama, K. Nakamura, M. Sato, S. Nagase, T. Nakashita, M. Fukase, S. Kumahara, K. Abe, T. Aoki, H. Haba, and
A. Takamine, “Fundamental physics with cold radioactive heavy elements,” 6th Joint Meeting of the APS Division of Nuclear Physics
and the Physical Society of Japan, Hawaii, USA, November 26-December 1, 2023.

H. Nagahama (oral), K. Nakamura, M. Sato, S. Nagase, T. Nakashita, M. Fukase, S. Kumahara, K. Abe, T. Aoki, H. Haba, A. Takamine,
and Y. Sakemi, “Electron EDM search with laser-cooled heavy elements,” 6th Joint Meeting of the APS Division of Nuclear Physics
and the Physical Society of Japan, Hawaii, USA, November 26—December 1, 2023.

K. Okai (oral), K. Beeks, H. Fujimoto, Y. Fukunaga, M. Guan, H. Haba, T. Hiraki, Y. Kasamatsu, S. Kitao, K. Konashi, T. Masuda,
N. Nagasawa, R. Ogake, N. Sasao, F. Schaden, T. Schumm, M. Seto, Y. Shigekawa, K. Shimizu, S. Takatori, K. Tamasaku, S. Uetake,
M. Watanabe, T. Watanabe, R. Yamamoto, A. Yamaguchi, Y. Yoda, A. Yoshimi, K. Yoshimura, and M. Yoshimura, “The observation
of the VUV signal from the isomeric state of 229 thorium nuclei toward realizing the atomic clock,” 6th Joint Meeting of the APS
Division of Nuclear Physics and the Physical Society of Japan, Hawaii, USA, November 26-December 1, 2023.

Y. Shigekawa (oral), A. Yamaguchi, K. Tokoi, N. Sato, M. Wada, and H. Haba, “Extraction and trapping of >*"Th ions for measuring
nuclear-decay half-lives of various ionic species of *"Th and observing electronic bridge process,” 6th Joint Meeting of the APS
Division of Nuclear Physics and the Physical Society of Japan, Hawaii, USA, November 26-December 1, 2023.

S. Takatori (oral), K. Beeks, H. Fujimoto, Y. Fukunaga, M. Guan, H. Haba, T. Hiraki, Y. Kasamatsu, S. Kitao, K. Konashi, T. Masuda,
N. Nagasawa, R. Ogake, K. Okai, N. Sasao, F. Schaden, T. Schumm, M. Seto, Y. Shigekawa, K. Shimizu, K. Tamasaku, S. Uetake,
M. Watanabe, T. Watanabe, R. Yamamoto, A. Yamaguchi, Y. Yoda, A. Yoshimi, K. Yoshimura, and M. Yoshimura, “Characterization
of thorium-229 crystal towards vacuum ultraviolet search from nuclear clock isomer,” 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.

Y. Ode (poster), A. R. Pradipta, P. Ahmadi, A. Ishiwata, A. Nakamura, Y. Egawa, Y. Kusakari, K. Muguruma, Y. Wang, X. Yin, N. Sato,
H. Haba, and K. Tanaka, “Internal radioisotope therapy utilizing [3+2] cycloaddition with acrolein,” RIKEN-Academia Sinica-Tokyo
Tech-NTHU Glycoscience Joint Meeting, Taipei, Taiwan, December 1-3, 2023.

B. Feng (poster), K. Shimazoe, D. Kim, Y. Shigekawa, A. Nambu, H. Haba, H. Mohammad, Q. Zhu, M. Uenomachi, H. Tomita, and
H. Takahashi, “Study on magnetic field and pH response with angular correlation measurement of Yb-169 for double photon coinci-
dence imaging,” 13th International “Hiroshima” Symposium on the Development and Application of Semiconductor Tracking Detectors
(HSTD13), Vancouver, Canada, December 3-8, 2023.

K. Kaneda (poster), Y. Shirakami, Y. Kadonaga, W. Tadashi, M. Yoshiyuki, A. Shimoyama, K. Kabayama, Y. Kanai, A. Toyoshima,
A. Shinohara, K. Ooe, X. Yin, H. Haba, M. Fukuda, and K. Fukase, “Development of short-lived alpha-emitting nuclear medicine
targeting amino acid transporter,” The 11th Takeda Science Foundation Symposium on PharmaSciences, Kita-ku, Osaka (GRAND
FRONT OSAKA), Japan, January 26-27, 2024.

A. Shimoyama (poster), A. Aso, Y. Kadonaga, Y. Shirakami, T. Watabe, T. Yoshiya, M. Mochizuki, K. Ooe, A. Kawakami, N. Jinno,
A. Toyoshima, H. Haba, Y. Wang, J. Cardinale, F. L. Giesel, K. Kaneda-Nakashima, and K. Fukase, “Synthesis and evaluation of
astatine-211-labeled fibroblast activation protein inhibitor (FAPI) for targeted alpha therapy,” The 11th Takeda Science Foundation
Symposium on PharmaSciences, Osaka (GRAND FRONT OSAKA), Japan, January 26-27, 2024.

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 (CAST 2024), Serpong, Indnesia,
February 19-22, 2024.

[Domestic Conferences/Workshops]

Vepkee (DBRESR), PAc 2V 2P FFAURORSE ), Kk - 717 > GEA%S, TREX GALRERFT =), 2023 4F 5
H 2729 H.

KHEHER (HEHR), 774 TR T UNT, 7 =<7 4 R=—, GIEHELL, PAEE T, TR, BEXEEF, SEEE vy,
A vy AT o, R, P5EOE, A, T3AREYI L O [3+2] BILMMRIGIZ X 28850 o #HEHE ), HARS I AANA
Oy =R 17 EER, BT (RIRKF2EH), 2023 4 5 A 29-31 H.

RETRAAEA (BEFESR), EFMEER, BV, AR T, PIEEYE, T'°Tm(d, 2n)'®Yb K2 & % '°Yb 0#LE |, 60 E 7 A4 Y b—F -
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AR R R R, TLHR X (HAREARKER), 2023 4 7 A 5-7 H.

BN (DBEFESR), RS, BB K, FAEAHEA, RIS, Progress of 2! At production at the RIKEN AVF cyclotron |, 55 60 [a] 7
A4V =7 RIS R RS, TLHR X (HAREARKAR), 2023 4 7 A 5-7 H.

SEGEN (MKHEREE), TRI BLEDIRIR & Mg\ DR, I-PARC 5 1 HRETHESARET I B 3 2 522, BiER (AYA’S LABORATORY
BT — A%t X — (AQBRC) KEBHER) & AV T4 >,2023 £ 7 A 27 H.

KK (TUERESR), KEAUE, BTy, G- SRS, BAHE, 2P EE, Yin Xiaojie, P76, BT, 20K, TREBIVIEN(L
PHEASEM T2 Z 2 o MY 2 X F 2211 AT B R T 2 7-DICEETH 5 J, 3 39 B HZA DDS ¥2
MRS, THEN R X v 2 EHERHY), 2023 £ 7 A 27-28 H.

PG EF#EER), 199474V =T 08E L ISH~HTTEOER 1 O NARB L T~ ), BEG RIAFAPIES ORI D 4,
WRHTT (CRBR AW & v > SR ERAFAE), 2023 4E 8 A 2-3 H.

ZRME (OEFR), BRG], PAHIE, R, B/NR, 6k, EMER, RHH=, BEE PG, [TV 7 7 ESR
B 7 R X F 211 ORBIEELESEE ORFE ), 55 20 [ H AR AR ERS, IET (HAKYE TG F v > R), 2023
£8H29H9A1H.

AR (I9ESE3R), Nano ESI A 4 > ¥ LTQ Orbitrap XL % Fl W =BT EE O OB, 5 60 FIRMLEE 0¥, £
T (&155), 2023 4E8 A 30 H-9 A 1 H.

HER (BFHEE), PP°Th A4 D5 EHL - A 42 T v THEBICOWTY, 5 12 [BEHFEIE - {#E RI ¥ — 24 % W20 50
SR, BEX (LK), 2023 9 A 4-5 H.

HE S (OSEFER), FRAMNBR T, FEEE L, e, fAKIE—ER, KIL—5h, PIFZEE, Xiaojie Yin, FEFELR, S¥td, BIRES,
FHEE—, T2V A 25 PSMA A 7 7 —~ a7 3 7 OGEREL ), 55 6 B HARKEZES SRS REHESE RTS8
22 [T EESES, - BHREZMSEFA R, FEEX (TEERET T REAH), 2023 4£9 A 9 H.

B (HEEFR), EFER, PIGEYE, MHER, TSR, THRTPERGERCHETZ NI AL oL —3F =500 ), BK
T T RIS, EART (NTT EARMZERFE L > £ —), 2023 429 A 11 H.

FRIGHEF (DFEFEE), HPEE, YUTEE, HIREA, P52, TPHITS 2 AW RIEE Y — A 5 4 > OMRERE ), 2023 EE
7 — Z+PHITS AR, B (BB ESE - [EW 7 79), 2023 4F 11 A 15-17 H.

PRGEN GBE#HE), 427 rE2RAWEEBEHRS A 74 Y b—708E ), HARYHEZEAE 78 FIERKE (2023 4F), il
H,2023 £ 9 A 16-19 H.

FHZ— (OUEFER), Kjeld Beeks, BEAGAZ, fRKER, B, PIGEE, FARBE, SRS, LRER], /MEMR], 225, KIBILT,
RIEE —ER, 2%, Fabian Schaden, Thorsten Schumm, 7 3%, BEMEA, TE/KMUAR, SEUSIKHE, TEBR, TR, 1EHE),
TEERAE, (LIRS 5, & R, SR, SARE, TRASREIERICHT =74 YV~ —IREE N U ¥ 4 229 [R 780 5
DEZEEAEER ), AR AR 78 BISERKE (2023 ), llA T, 2023 49 A 16-19 H.

IS (TSEFESR), Kjeld Beeks, fEANGAZ, KR, B, PGB, FARE R, SRS, AL ER], /MEMRE], HMHEE, ki
PETE, RIERE—ER, fH 52—, $£E %, Fabian Schaden, Thorsten Schumm, 7 3%, EEIE R, E/KTIAE, EIEEE, TR, EEE],
TEERE, OBk, (LAK, IS, 5 R, SR, SARE, TRTFHEREIEEABT 2 XAFS HRIC &3 MU v A 229 %
K — 7 U7 WO R FEMZE ), HARYE2ERE 78 [MER KRS (2023 4F), (BT, 2023 £ 9 H 16-19 H.

R B R (DUEFER), P, KHAFEE, M), BILREE, PR, BEERaaA, BRI, ER, Ml 4LH, (812217, Hain Karin,
Wiederin Andreas, RAZA Y, (LIFHEEE, MAME—, IROKE, THEKP OMME N THREHERE 2'Np OFEBIEMET ), HAHIER L
270 [FER, X CREHEREM)F v > o%R), 2023 £ 9 A 21-23 H.

PBGEIE R, THTE ORI, HABEHEEERAE 67 BIRtia (2023), LB (B RFHRLE X v » /8 R), 2023
9 H 21-23 H.

WS (AR, EMER, PG, %K9EH, AREER, FIHERE, FIFHR, RTEBREIERICD 2N Y A4 0 D
L —H =%, HARBEHMELF RS 67 M= (2023), MILET (AEREELE* v > 232),2023 ££9 A 21-23 H.

AR (LIEEFERR), (L, ARAHEDE, S, AF RN RS2, FIFGEIR, PG, TTh-229m OB FARMEER OBHICIAY} /2 Th-229m
A A D5 EHLE Ty 7, HARBEHL AR 67 Bt (2023), HILET (REREHELEF v 28R), 2023 £ 9 A
21-23 H.

FEWRBERE (IDBERESR), FIHIETR, Schury Peter, RATEIK, Brionnet Pierre, Chaoyi Fu, P55, SEILE —, A1l 18185, FHigEdR, g
Kitk, BRFM, FRAF2F], Rosenbusch Marco, FIEZE T, JE84, [EREEEEINIERIC X 2 7R FWTHIRE O S B EGHIE J,
HABAH LR 67 [MFERS (2023), BILET (RERFERILEF v > 282),2023 £9 A 21-23 H.

HONFE (OSERERR), KHSBEE, M B R, TI5EW, rRiAsh, ERMER, UL, IR, BILBAE, P2Th+'Li KBICBIT 3 o
A R D E R, HAREHEES R 67 BIETRE (2023), HIKET (RBEREHRILE X v > 282), 2023 £ 9 A 21-23 H.

ZRHE (OWEFRER), ERER, PRRE, L, BN, mEfREEA, EFEKX, SN, THGE, BE &, NG, 717>
MESRE 7 2 &2 F 211 OKFHELEREE OBFE |, HAREHLEEREE 67 BIFTERS (2023), BIAETT (KEKERIL
B¥ v > o%R),2023 4 9 A 21-23 H.

PRAMGE (OTEFHR), BIRES, & TBGE, BFRE, KIT—5h, S, PHEEE, Yin Xiaojie, TMRBE, R /u<w o7 41—k
BETLEEITREEZR WG At FEEFRILEMO N F UEET 3oLF —OEH |, AARBEHEZFTREE 67 BIETiRa (2023), HILE
H(REREREEF v > 282),2023 4£9 A 21-23 H.

SEARFMA, BEs— BEE, SRS, T2 BTE/ —RV Y LADHBRE LCEBRARATDO Y 57 v — 7 L% AW -Eih
HiJ, BARBEHEESERSEE 67 BIETHE (2023), WIS (AEKFHRILEF ¥ > 2%R), 2023 /£ 9 A 21-23 H.

KEAT (FEFETR), SRR, WFGaHE, FEEBEUT, B ISK, ThilE, 2ME KR, T BGE, PG, ERMEK, mitHEA, BN,
bt BFRE, [ —X) w7 AOWEE Y w7 L300, HARBEHLARERREE 67 BIRERE (2023), BLET (LB REHLE
F ¥ 2o%R),2023 £ 9 A 21-23 H.
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Wit B E (OEEFR), FEMA, KHAE, )5, MILEEE, P57, RIkaAsA, BB, BREE, it BuhH, fRRME1T, Hain Karin,
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FRPERISE (R R R —583R), AR S, KEDA, BB, B IR, Thil, 22 IHEKER, £ TEGE, PIGEE, EMELR, rRiHA,
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21-23 H.

LEHERES (RA X —H3K), ZHE M, f&52, ERER, A%, HHEHE, BERE, SRS, 12"Th O y S8R EY 72 i
PR W/ R~ Y v 7 ZBEEEER |, HABRIHEERE 67 BIETHRS (2023), HIAET (RERFHRILEF v ¥ 7$R),
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B (OEFER), MHFREEEEIERIC BT 2 I Y — 2 BB OBME—7 A 2 F VAR BETEFER—, 621
AVF & RIFT &8, P&, 2023 4F 11 A 13-14 H.
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M IR IS e NI FEIG R D 12D D 7 A R F U AE#HEF /7 MT Dot 5 63 Bl H AKEZE MRS, KRk (75> 7ay>
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HAE S (OBEFESR), EERES, M (R ) INBRT, HEE, AKIE—E, KIL—5h, PIEZE, Xiaojie Yin, fHEFE K, BILE S,
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[Seminars]

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

T. Watanabe (invited), “Development of a beam current monitor using a high-Tc SQUID for heavy ion accelerators,” Forschungszentrum
Jillich GmbH ER-C Colloquium, Julich, Germany, March 20, 2024.

Press Releases

HOITPEZIFEFTHAZ AT a BHEE—MEND X7 — FRIGTHAMMIC o 8% B UiA e 2 Frikig—, FL2F5eT, 3
WITEKRY, 2023 £ 6 A 27 H, https://www.riken. jp/press/2023/20230627_1/index.html .

ANTTERT AR F > ORBEEELZFHE—T V7 7 2R LB ARREORREZ IE—, BALEI, SRRtk a1t
2023 % 8 H 31 H, https://www.riken. jp/press/2023/20230831_3/index.html .

BRI A Z R TR L, 7L 7 7 SR CHEE—W L IR — MU E B8 5 7 R T 4 7 AF—, KICRE, BULAETHSET,
ATFERKSE, 2023 4 10 A 16 H, https://www.riken. jp/press/2023/20231016_1/index.html .

ARG D AT KN A4 2D FHREAI—ERNEGBILZC X2 LW I F T ) R T 4 7 A—, BYLERRSEAT, BN TR,
2024 £ 3 H 1 H, https://www.riken. jp/press/2024/20240301_1/index.html .

Awards

PGEN, TEA A Y=L AWSARERZ 474 Y =7 O3, SR 5 45 REEEM DT O SGRRE RKERE Rl
BANE (BAFEARI), 2023 £ 4 A 19 H.

HAEAR, Th-229m OB FIUAEEBOBPNCINT 72 Th-229m 4 > D5 EH L 2 b T v 71, HARBEHMLERE 67 BIEHS
(2023) HFEHFEKE, 2023 £ 9 A 23 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*3Cm 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.

Patents
ZERHE, PRHE, BBEER, PG, T7 R ZF 2 211 OEGERTE, 7 DHELEESR, o M TV — 2 HNREE ), FiiE 2023-089284,
2023 4 5 H 30 H.
WRHEE, PIHEN, 7 Ac fZi%5T CDH3 fiif ], FFFE 2023-184107,2023 £ 11 A 1 H.
PGS, TRENYEOMNEES X 0 ENSEOBLE 7R, Fild 2023-195186, 2023 4E 11 A 16 H.

Outreach Activities

PHGEHE (HEHEE), =RV ARBEADEDD |, SSH ¥ A LV 2H 7 =, RIRED 13T GRS HE 42), 2023
F£6 HS8H.

PHGENE, THADEFHITEARRTEB, 71— X7 v FRI2EE 2023, W22 ATHE, 2023 £ 8 A 4 H,
https://www.riken. jp/pr/closeup/2023/20230804_1/index.html.

PGB (AERE), S 5 5 2 F4& R AN EFE 2, A)IRESRT (AIRZSRE E&SFFR), 2023 4 11 A 3 H.

FBREN (BRZ =), THTETHABRBEI~T ZAXF 211 OKBEIEET A~ ], 5§ 37 EFCEHFTER L EER L DR
=, WAEREIX (F—2 ), 2024 2 H 7 H.

PG (EE), DT 2 0B EHAFR ), TFC x TEL @ 71 275 2R/ liEES, N3 BHLE RV LA HER L X551
HEILREFERICHNT T, AT HALRE), 2024 43 A 9 H.
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