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1. Abstract
The Nuclear Chemistry Research Team develops production technologies of unique radioisotopes (RIs) at RIKEN RI Beam

Factory (RIBF) and applies them in the research fields of physics, chemistry, biology, engineering, medicine, pharmaceutical and
environmental sciences. The purified RIs such as 65Zn, 67Cu, 85Sr, 88Y, and 109Cd are delivered to universities and institutes through
Japan Radioisotope Association. We also develop new technologies of mass spectrometry for the trace-element analyses using accel-
erator 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 chemical
materials such as metallic 238U, 238UO2, and 48CaO 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 researches
(3) Development of trace element analyses using accelerator techniques and their applications to geoscience and archaeological

research fields
(4) Development of chemical 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 researches

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, and 50-MeV alpha beams from the AVF cyclotron, we
presently produce about 100 RIs from 7Be to 211At. Among them, 65Zn, 67Cu, 85Sr, 88Y, and 109Cd are delivered to Japan Radioisotope
Association for fee-based distribution to the general public in Japan. Our RIs are also distributed to researchers under the Supply
Platform of Short-lived Radioisotopes for Fundamental Research, supported by MEXT KAKENHI in FY2016–2021. On the other
hand, RIs of a large number of elements are simultaneously produced from metallic targets such as natTi, natAg, natHf, 197Au, and 232Th
irradiated with a 135-MeV nucl.−1 14N beam from the RIKEN Ring Cyclotron. These multitracers are also supplied to universities
and institutes as collaborative researches.

In 2020, we developed production technologies of RIs such as 7Be, 28Mg, 43K, 44mSc, 44Ti, 48Cr, 186Re, 211At, 212Pb, 224Ra,
225Ac, and 229Pa which were strongly demanded but lack supply sources in Japan. We also investigated the excitation functions for
the natV(d, x), natGd(d, x), 141Pr(d, x), and natNd(α, x) reactions to quantitatively produce useful RIs. We used radiotracers of 28Mg,
211At, 212Pb, 224Ra, and 229Pa for application studies in chemistry, 44mSc, 67Cu, 186Re, 211At, and 225Ac in nuclear medicine, and 43K,
48Cr, 186Re, and 211At in engineering. We also produced 65Zn, 85Sr, 88Y, and 109Cd for our scientific researches on a regular schedule
and supplied the surpluses through Japan Radioisotope Association to the general public. In 2020, we accepted 6 orders of 65Zn with
a total activity of 33 MBq, 5 orders of 85Sr with 9.7 MBq, 1 order of 88Y with 1 MBq, and 1 order of 109Cd with 10 MBq. We also
distributed 7Be (0.45 MBq × 1), 88Zr (1 MBq × 2), 95Nb (1 MBq × 1 and 2 MBq × 1), 121mTe (2 MBq × 1), 175Hf (1 MBq × 2), and
211At (5 MBq × 6, 10 MBq × 1, 18 MBq × 2, 50 MBq × 1, 80 MBq × 1, and 100 MBq × 16) under the Supply Platform of Short-lived
Radioisotopes for Fundamental Research.

(2) Superheavy element chemistry
Chemical characterization of newly-discovered superheavy elements (SHEs, atomic number Z ≥ 104) is an extremely interest-

ing and challenging 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 RILAC and AVF, 261Rf (Z = 104), 262Db (Z = 105),
265Sg (Z = 106), and 266Bh (Z = 107) are produced in the 248Cm(18O, 5n)261Rf, 248Cm(19F, 5n)262Db, 248Cm(22Ne, 5n)265Sg, and
248Cm(23Na, 5n)266Bh 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 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 condition makes it possible to investigate new chemical systems. 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 for α/SF-spectrometry. On
the other hand, we produced radiotracers of 88, 89mZr, 95Nb, 175Hf, and 177, 179Ta at the AVF cyclotron and conducted model experiments
for aqueous chemistry studies on Rf and Db. We also developed a cryogenic RF-carpet gas cell, which will be placed on the focal
plane of GARIS and connected to a gas chromatographic apparatus, for the future gas-phase chemistry of the short-lived SHEs (<3 s).
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(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 conventional ICP-MS, TIMS, IRMS, and so on, we studied Pb and S isotope ratios on cinnabar and asphalt samples
from ancient ruins in Japan to elucidate the distribution of goods in the archaic society and to reveal the establishment of the Yamato
dynasty in the period from Jomon to Tumulus. We established a sampling technique for pigment without any damages on the artifacts
or wall paintings, using a S-free adhesive tape. Then, we applied the technique to the analyses of the pigment from Roman ruins
(Avinyó in Barcelona, Spain). We also applied the technique to the analyses of the red-color substances on the artifacts such as
Kyoden remains (Izumo-city, Shimane prefecture), Renpeijou-ato (Zentsuji-City, Kagawa prefecture) and so on. We also established
the method to identify the source mine of vermilion, using sulfur, mercury and lead isotopic analyses, and we applied this method to
investigation of vermilion from three representative tombs (Kofunperiod in Japan)

(4) Development of chemical materials for ECR ion sources of the heavy-ion accelerators at RIBF
In 2020, we prepared 238UO2 on a regular schedule for 238U-ion accelerations with the 28-GHz ECR of RILAC II.
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大江一弘 (口頭発表),渡部直史,白神宜史,森大輝,横北卓也,小森有希子,羽場宏光,畑澤順,「核医学利用に向けた Ag-111の加速
器による製造と分離精製」,日本放射化学会第 64回討論会 (2020),オンライン, 2020年 9月 9–11日.

青井景都 (口頭発表),新裕貴,川﨑康平,丸山峻平,鷲山幸信,西中一朗,羽場宏光,森大輝, Yang Wang,横山明彦,「211Rn/211Atジェ
ネレータシステムに必要な 207Po除去の条件の最適化」,日本放射化学会第 64回討論会 (2020),オンライン, 2020年 9月 9–11日.

丸山峻平 (口頭発表),川崎康平,青井景都,東美里,西中一朗,鷲山幸信,羽場宏光,森大輝,横山明彦,「薄層クロマトグラフィーを利
用したアスタチン化学種同定による溶媒抽出の最適化」,日本放射化学会第 64回討論会 (2020),オンライン, 2020年 9月 9–11日.

小森有希子 (ポスター発表),羽場宏光,「Calix[4]arene-bis(benzocrown-6)を用いた Frと Csの溶媒抽出」,日本放射化学会第 64回
討論会 (2020),オンライン, 2020年 9月 9–11日.

小森有希子 (ポスター発表),羽場宏光,合川正幸,斎藤萌美, Sándor Takács, Ferenc Ditrói,「natLu(p,xn)および natLu(d,xn)反応によ
る 175Hfの生成断面積の測定」,日本放射化学会第 64回討論会 (2020),オンライン, 2020年 9月 9–11日.

渡邉瑛介 (ポスター発表),笠松良崇,横北卓也,速水翔,東内克馬,重河優大,羽場宏光,篠原厚,「Rfの化学研究に向けた 89mZrの硝
酸系でのオンライン陰イオン交換実験」,日本放射化学会第 64回討論会 (2020),オンライン, 2020年 9月 9–11日.

Z. Tsoodol (口頭発表), M. Aikawa, D. Ichinkhorloo, T. Khishigjargal, E. Norov, Y. Komori, H. Haba, S. Takács, F. Ditrói, and Z. Szűcs,
“Production cross sections of the medically interesting radionuclide 45Ti in the deuteron-induced reaction on 45Sc,” 日本原子力学会

2020年秋の大会,オンライン, 2020年 9月 16日–18日.
高橋浩之 (口頭発表),島添健次,鎌田圭,羽場宏光,百瀬敏光,「多光子ガンマ線時間・空間相関型イメージング法の開発 1 (概要)」,

2021年第 68回応用物理学会春季学術講演会,オンライン, 2021年 3月 16–19日.
鎌田圭 (口頭発表),金敬鎭,吉野将生,島添健次,高橋美和子,羽場宏光,百瀬敏光,高橋浩之,吉川彰,「多光子ガンマ線時間・空間
相関型イメージング法の研究 2 (シンチレータ開発)」, 2021 年第 68 回応用物理学会春季学術講演会,オンライン, 2021 年 3 月
16–19日.

羽場宏光 (口頭発表),横北卓也,王洋,南部明弘,臼田祥子,高橋浩之,島添健次,鎌田圭,百瀬敏光,高橋美和子,「多光子ガンマ線
時間・空間相関型イメージング法の開発 (3)多光子放出核種生成」, 2021年第 68回応用物理学会春季学術講演会,オンライン,
2021年 3月 16–19日.

島添健次 (口頭発表), 上ノ町水紀, 大鐘健一朗, 高橋浩之, 鎌田圭, 吉川彰, 羽場宏光, 百瀬敏光, 高橋美和子, 「多光子ガンマ線時
間・空間相関型イメージング法の開発 (システム開発)」, 2021年第 68回応用物理学会春季学術講演会,オンライン, 2021年 3月
16–19日.

藤澤豊 (口頭発表),森大輝,羽場宏光,間賀田泰寛,飯田靖彦,「Cu-67標識新規ソマトスタチン誘導体を用いた神経内分泌腫瘍に対
する腫瘍抑制効果の評価」,第 60回日本核医学会学術総会,神戸, 2020年 11月 12–14日.

竹村友紀 (口頭発表),横北卓也,結城真美,田沢周作,羽場宏光,「TATのための 228Th/224Ra/212Pbジェネレータシステム開発に関
する基礎検討」,第 60回日本核医学会学術総会,神戸, 2020年 11月 12–14日.

大江一弘 (口頭発表),渡部直史,白神宜史,森大輝,横北卓也,小森有希子,羽場宏光,畑澤順,「治療用核種 Ag-111の Pd標的から
の加速器製造と分離精製」,第 60回日本核医学会学術総会,神戸, 2020年 11月 12–14日.

髙島大輝 (ポスター発表),古賀宣勝,大貫和信,津村遼,岩田望,眞鍋史乃,羽場宏光,藤井博史,松村保広,安永正浩,「アルファ線放
出核種アスタチン-211結合抗組織因子抗体の前臨床試験」,第 27回次世代医工学研究会,オンライン, 2020年 12月 7日.

羽場宏光 (口頭発表),「ケミカルプローブに利用できる理研 RI」, Chemical Probe第三回合同セミナー,オンライン, 2020年 12月
14日.

Yin Xiaojie (口頭発表),「Production of 225Ac in the 232Th(14N,xnyp)225Ac reaction」, Chemical Probe第三回合同セミナー,オンライ
ン, 2020年 12月 14日.

羽場宏光 (招待講演),「多光子ガンマ線放出核種の製造」,科学研究費基盤研究 (S)「多光子ガンマ線時間/空間相関型断層撮像法の
研究」ワークショップ「多光子ガンマ線検出技術の新展開」,オンライン, 2020年 12月 21日.

岡井晃一 (口頭発表), Kjeld Beeks, 藤本弘之, 羽場宏光, 原秀明, 海野弘之, 笠松良崇, 北尾真司, 小早川大貴, 小無健司, 増田孝彦,
宮本祐樹, 平木貴宏, 笹尾登, Thorsten Schumm, 瀬戸誠, 重河優大, Simon Stellmer, 玉作賢治, 植竹智, 渡部信, 渡部司, 山口敦史,
安田勇輝,依田芳卓,吉見彰洋,吉村浩司,吉村太彦,「トリウム 229アイソマー状態からの真空紫外光観測に向けた Th:CaF2 結
晶の光学特性評価」,日本物理学会第 76回年次大会（2021年）,オンライン, 2021年 3月 12–15日.

小澤直也 (口頭発表), 長濱弘季, 早水友洋, 中村圭佑, 佐藤幹, 永瀬慎太郎, 小高康照, 鎌倉恵太, 田中香津生, 大塚未来, 青木貴稔,
市川雄一,高峰愛子,羽場宏光,上野秀樹,酒見泰寛,「フランシウム原子の電気双極子能率探索のための表面電離イオン源の開
発」,日本物理学会第 76回年次大会（2021年）,オンライン, 2021年 3月 12–15日.

羽場宏光 (招待講演),「理研における At-211の製造分離状況と将来計画」,放射線科学基盤機構シンポジウム「核医学セラノスティ
クス：基盤技術から臨床応用まで/Theranostics from radioisotope production technology to clinical application」,オンライン, 2021
年 3月 18日.

重河優大 (口頭発表),「Pa-229を利用した Th-229mの真空紫外光観測実験の現状」, 2020重元素核化学ワークショップ,オンライ
ン, 2021年 3月 30日.

Press Releases
原子 1 つの沈殿を調べる! —超重元素ラザホージウムの共沈挙動の実験的観測—, 理化学研究所, 2021 年 2 月 18 日. https:
//www.riken.jp/press/2021/20210218_1 .

Patents
田沢周作,竹村友紀,結城真美,竹内康隆,芝原裕規,羽場宏光,横北卓也,「目的核種の生成方法」,特願 2021-037814.

Outreach Activities
羽場宏光,「原子の仕組みとラジオアイソトープの応用～新元素の探索からがんの治療まで～」,令和 2年度（2020年度）八王子
市生涯学習センター主催市民自由講座,八王子, 2021年 3月 9日.
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