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アト秒科学研究チーム ／ Attosecond Science Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 R. Amani, T. Okino, Y. Nabekawa, M. Kuwata-Gonokami, and K. Midorikawa: “Observation of harmonic beams inside a Kerr lens 

mode-locked thin-disk ring laser oscillator beyond a repetition rate of 10 MHz”, OSA Continuum  6, 1099 (2021).
2.	 M. Onda, R. F. Takeuchi, K. Isobe, T. Suzuki, Y. Masaki, N. Morimoto, and F. Osakada, “Temporally multiplexed dual-plane imaging of 

neural activity with four-dimensional precision”, Neurosci. Res. 163, 34 (2021)．
3.	 F. Ota, K. Hatada, D. Sebilleau, K. Ueda, and K. Yamazaki: “Theory on polarization-averaged core-level molecular-frame photoelectron 

angular distributions: II. Extracting the X-ray induced fragmentation dynamics of carbon monoxide dication from forward and 
backward intensities”, J. Phys. B  54, 084001 (2021).  

4.	 N. Kanda, T. Imahoko, K. Yoshida, A. Tanabashi, A. A. Eilanlou, Y. Nabekawa, T. Sumiyoshi, M. Kuwata-Gonokami, and K. Midorikawa: 
“Opening a new route to multiport coherent XUV sources via intracavity high-order harmonic generation”, Light: Science & 
Applications 9, 168, (2020). 

5.	 S. Fukahori, T. Matsubara, Y. Nabekawa, K. Yamanouchi, and K. Midorikawa: “Ultrafast electron–nuclear wavepacket in O+
2 generated 

and probed with attosecond pulse trains”, J. Phys B 53, 164001, (2020).
6.	 T. Okino, and K. Midorikawa: “Characterization of polarization gating parameters for attosecond pulse generation using an imaging 

polarimeter”, Phys. Rev. A 102, 023116, (2020). 
7.	 Y-C. Lin, Y. Nabekawa, and K. Midorikawa: “Optical parametric amplification of sub-cycle shortwave infrared pulses”, Nat. Commun 

11, 3413, (2020). 
8.	 Y. Fu, K. Nishimura, R. Shao, A. Suda, K. Midorikawa, P. Lan, and E. J. Takahashi: “High efficiency ultrafast water-window harmonic 

generation for single-shot soft X-ray spectroscopy”, Communications Physics 3, (2020). 
9.	 L. Xu, K. Nishimura, A. Suda, K. Midorikawa, Y. Fu, and E. J. Takahashi: “Optimization of a multi-TW few-cycle 17-µm source based on 

Type-I BBO dual-chirped optical parametric amplification”, Optics Express 28, 15138-15147 ,(2020).　
10.	 B. Xue, Y. Tamaru, Y. Fu, H. Yuan, P. Lan, O. D. Mücke, A. Suda, K. Midorikawa, and E. J. Takahashi: “Fully stabilized multi-TW optical 

waveform synthesizer: Toward gigawatt isolated attosecond pulses”, Science Advances 6, eaay2802, (2020).　 
11.	 Y. Fu, K. Midorikawa, and E. J. Takahashi: “Dual-Chirped Optical Parametric Amplification: A method for generating super-intense 

mid-infrared few-cycle pulses,” IEEE JSTQE 25, 8800413, (2019).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 磯部圭佑 , “ 広視野多光子照明と光操作　高速多光子イメージング ”, 生体の科学 , 71, 169-173, (2020).
2.	 磯部圭佑 , “ 広視野多光子照明と光操作 多光子パターン照明 ”, 生体の科学 , 71, 608-61, (2020).

（３）招待講演 ／ Invited Talks
1.	 K. Midorikawa, “Generation of gigawatt isolated attosecond pulses by high-energy optical waveform synthesizer,” Advances in 

Atomic, Molecular, and Optical Science 2020, Web Conference, Dec., (2020).
2.	 E. J. Takahashi, “High-energy mid-infrared femtosecond pulses for attosecond science”, The 22nd International Conference on 

Ultrafast Phenomena (UP2020), virtual format. Nov., (2020).
3.	 E. J. Takahashi, “Multi-TW optical waveform synthesizer for gigawatt soft-x-ray isolated attosecond pulses”, CLEO/Pacic Rim 

Conference 2020, virtual format, Aug., (2020).
4.	 E. J. Takahashi, “Dual-chirped optical parametric amplification for energy scaling of near-IR, mid-IR, and far-IR pulses”, Conference on 

Lasers and Electro-Optics (CLEO), virtual format, May, (2020).
5.	 高橋栄治 , “ 軟 X 線高次調波光源の現状と展開 ”, 第 68 回応用物理学会春季学術講演会 , オンライン , 3 月 18 日 , (2021).
6.	 磯部圭佑 , “ 超短光パルスの時空間制御による多光子イメージングと光操作 ”, 超高速光エレクトロニクス研究会 , オンライン , 2 月

22 日 , (2021).
7.	 磯部圭佑 , “ 時間多重化時空間集光顕微鏡と多光子パターン照明 ”, 4th RIKEN-RAP and QST-KPSI Joint Seminar, オンライン , 2 月 3 日 , 

(2021).
8.	 高橋栄治 , “ 高強度アト秒パルス発生用光シンセサイザーの開発 ”, 高橋栄治，レーザー学会学術講演会第 41 回年次大会 , オンライン , 

1 月 20 日 , (2021).

Publications

業績リスト



37

9.	 磯部圭佑 , 緑川克美 , “ 超短光パルスの時空間分布を制御した多光子イメージング技術 ”, オンライン , 量子生命科学会第 2 回大会 , 12
月 23 日 , (2020).

10.	 緑川克美 , “ 光科学の新たな地平を拓く ”, 物理学会公開講座 , Web 開催 , 11 月 21 日 ,(2020).
11.	 磯部圭佑 , “ 超短光パルスの時空間制御とその応用 ”, OPALS の会 , オンライン , 7 月 11 日 , (2020).
12.	 磯部圭佑 , 緑川克美 , “ 散乱組織中における in situ 波面歪み測定とその補償 ”, 日本顕微鏡学会　第 77 回学術講演会 , 紙上開催 , 5 月

25 日 , (2020).

（４）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 理研シンポジウム第 8 回「光量子工学研究」―量子科学技術研究の展開―　オンライン , 3 月 9 日 , (2021).

超高速分子計測研究チーム ／ Ultrafast Spectroscopy Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 M. Ahmed, K. Inoue, S. Nihonyanagi, and T. Tahara: “Hidden isolated OH at the charged hydrophobic interface revealed by two-

dimensional heterodyne-detected VSFG spectroscopy”, Angew. Chem. Int. Ed. 59, 9498-9505, (2020).
2.	 P. Kumar, H. Kuramochi, S. Takeuchi, and T. Tahara: “Time-domain observation of surface-enhanced coherent Raman scattering with 

105-106 enhancement”, J. Phys. Chem. Lett. 11 6305-6311, (2020).
3.	 K. Kojima, R. Kurihara, M. Sakamoto, T. Takanashi, H. Kuramochi, X. M. Zhang, H. Bito, T. Tahara, and Y. Sudo: “Comparative studies of 

the fluorescence properties of microbial rhodopsins: Spontaneous emission versus photointermediate fluorescence”, J. Phys. Chem. 
B. 124, 7361–7367, (2020).

4.	 R. Kotani, L. Liu, P. Kumar, H. Kuramochi, T. Tahara, P. Liu, A. Osuka, P. B. Karadakov, and S. Saito: “Controlling the S1 energy profile by 
tuning excited-state aromaticity”, J. Am. Chem. Soc. 142, 14985-14992, (2020).

5.	 H. Kuramochi, G. Aoyama, H. Okajima, A. Sakamoto, S. Kanegawa, O. Sato, S. Takeuchi, and T. Tahara: “Femtosecond polarization 
switching in the crystal of a [CrCo] dinuclear complex”, Angew. Chem. Int. Ed. 59, 15865-15869, (2020).

6.	 R. Kimura, H. Kuramochi, L Pengpeng, T. Yamakado, A. Osuka, T. Tahara, and S. Saito: “Flapping peryleneimide as a fluorogenic dye 
with high photostability and strong visible-light absorption”, Angew. Chem. Int. Ed. 59, 16430-16435, (2020).

7.	 K. Inoue, M. Ahmed, S. Nihonyanagi, and T. Tahara: “Reorientation-induced relaxation of free OH at the air/water interface revealed 
by ultrafast heterodyne-detected nonlinear spectroscopy”, Nat. Commun. 11, 5344/1-7, (2020).

8.	 M. Iwamura, A. Fukui, K. Nozaki, H. Kuramochi, S. Takeuchi, and T. Tahara: “Coherent vibration and femtosecond dynamics of the 
platinum complex oligomers upon intermolecular bond formation in the excited state”, Angew. Chem. Int. Ed. 59, 23154-23161, 
(2020).

9.	 R. Kusaka, S. Nihonyanagi, and T. Tahara, “The photochemical reaction of phenol becomes ultrafast at the air–water interface”, Nat. 
Chem. 13, 306-311, (2021).

10.	 W. Kim, S. Tahara, H. Kuramochi, S. Takeuchi, T. Kim, T. Tahara, and D. Kim: “Mode-specific vibrational analysis of exciton 
delocalization and structural dynamics in conjugated oligomers”, Angew. Chem. Int. Ed. accepted., (2021).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 石井邦彦 , 田原太平 , “ 生体分子の速い熱揺らぎを捉える―マイクロ秒１分子蛍光計測への挑戦 ”, 化学 , 75, 74-75, (2020).

（３）招待講演 ／ Invited Talks
1.	 T. Tahara, “Time-domain Raman spectroscopy: I. Concept & steady-state time-domain Raman”, International school on nonlinear 

vibrational spectro-microscopy, Online, July, (2020).
2.	 T. Tahara, “Time-domain Raman spectroscopy: II. Femtosecond time-resolved time-domain Raman”, International school on 

nonlinear vibrational spectro-microscopy, Online, July, (2020).
3.	 田原 太平 , “ フェムト秒時間分解吸収分光によって得られた微生物ロドプシンの多様な励起状態ダイナミクスに対する統一的視

点 A Unified View for Diverse ultrafast excited-state dynamics of microbial rhodopsins acquired by femtosecond time-resolved 
absorption spectroscopy”, 第 43 回日本分子生物学会年会 , オンライン , 12 月 4 日 , (2020).

4.	 T. Tahara, “Tracking ultrafast chemical reactions at the aqueous interface with femtosecond time-resolved HD-VSFG spectroscopy”, 



38

7th Asian Spectroscopy Conference, Online, December, (2020).
5.	 T. Tahara, “Three researches going on at MLS: What we wish to understand about Nature?”, A National Workshop on Fluorescence 

and Raman Spectroscopy, Online, December, (2020).
6.	 P. Kumar, “Time-resolved time-domain Raman spectroscopy for studying the excited-state structural dynamics”, A National 

Workshop on Fluorescence and Raman Spectroscopy, Online, December, (2020).
7.	 M. Ahmed, S. Nihonyanagi, and T. Tahara, “Probing ultrafast dynamics of water at aqueous interfaces with femtosecond two-

dimensional heterodyne-detected VSFG spectroscopy”, National Laser Symposium NLS-29, Online, February, (2021).

（４）特許出願 ／ Patent Applications
1.	 松崎維信 , 田原太平 , 石井邦彦 , “ 分析方法、発光分析装置、拡散光トモグラフィー装置、撮像装置、反射率測定装置、分析装置、及

びプログラム ”, PCT/JP2021/006681, 2021 年 2 月 22 日

（５）特筆すべき事項・トピックス（雑誌表紙などの掲載記事）／ Topics
1.	 Angewandte Chemie International Edition, Vol. 59, No. 24, 2021 年 6 月 8 日発行　Inside Back Cover
2.	 Angewandte Chemie International Edition, Vol. 59, No. 51, 2020 年 12 月 14 日発行　Inside Back Cover
3.	 Nature Chemistry, Vol. 13, No. 4, 2021 年 4 月 15 日発行 Cover

時空間エンジニアリング研究チーム ／ Space-Time Engineering Research Team 

（１）原著論文 (accept) を含む ／ Original Papers
1.	 N. Ohmae, F. Bregolin, N. Nemitz, and H. Katori: “Direct measurement of the frequency ratio for Hg and Yb optical lattice clock and 

closure of the Hg/Yb/Sr loop”, Opt. Exp. 28, 15112, (2020).
2.	 M. Takamoto, I. Ushijima, N. Ohmae, T. Yahagi, K. Kokado, H. Shinkai, and H. Katori: “Test of general relativity by a pair of 

transportable optical lattice clocks”, Nat. Photon. 14, 411, (2020).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 大前宣昭 , 高本 将男 , 牛島一朗 , 香取秀俊 , “ 可搬光格子時計の開発と実用化への課題 ”, 電子情報通信学会誌 , 103, 368-372, (2020).
2.	 山口敦史 , 香取 秀俊 , “ 光格子時計 ”, 数理科学 , 58, 67-73, (2020).
3.	 香取秀俊 , 巻頭言 “ 超高真空技術が加速する量子技術の実用化 ”, 表面と真空 , 63, (2020).

（３）招待講演 ／ Invited Talks
1.	 香取秀俊 , “ セイコーソリューションズ 技術者フォーラム　特別講演 ”, セイコーソリューションズ 技術者フォーラム , Online, 2 月

18 日 , (2020).
2.	 香取秀俊 , “ 光格子時計が拓く新たな時空間情報基盤 ”, 第 344 回科学技術展望懇談会 , Online, 1 月 26 日 , (2020).
3.	 香取秀俊 , “Curiosity-driven なサイエンスから実用化へ ”, 日本電子株式会社経営交流会 , Online, 12 月 16 日 , (2020).
4.	 香取秀俊 , “ 光格子時計～時空のゆがみを見る時計～ ”, 第 16 回 日立財団科学技術セミナー , Online, 10 月 31 日 , (2020).
5.	 高本将男 , “ 可搬型光格子時計による東京スカイツリーでの相対論検証実験と測地応用に向けて ”, 文部科学省第 3 回研究法人サイエ

ンスカフェ , Online, 10 月 12 日 , (2020).
6.	 香取秀俊 , “ 光格子時計が拓く新たな時空間情報基盤 ”, 量子 ICT フォーラム／合同技術推進委員会 (QKD、QMS), Online, 9 月 25 日 , 

(2020).
7.	 H. Katori, “Transportable Optical Lattice Clocks to Test Gravitational Redshift”, OSA Quantum 2.0 Conference, Online, September, 

(2020).
8.	 M. Takamoto, “Development of Transportable Optical Lattice Clocks and Test of General Relativity”, 2020 NCHU-RIKEN Workshop on 

Devices and Materials, Online, August, (2020).
9.	 H. Katori, “Transportable Optical Lattice Clocks to Test Gravitational Redshift”, 51st Annual Meeting of the APS Division of Atomic, 

Molecular and Optical Physics, Online, June, (2020).
10.	 M. Takamoto, N. Ohmae, I. Ushijima, H. Katori, “Development of transportable optical lattice clocks for geodetic applications”, CLEO 

2020, Online, May, (2020).
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（４）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 International workshop on forefront optical lattice clocks, 東京大学本郷キャンパス & オンライン , 12 月 3 日 , (2020).

（５）特筆すべき事項・トピックス（雑誌表紙などの掲載記事）／ Topics
1.	 日経新聞 , “18 桁精度の可搬型光格子時計の開発に世界で初めて成功－東京スカイツリーで一般相対性理論を検証－ ”, 2020 年 4 月 6

日
2.	 共同通信 , “ 時間速く進むスカイツリー展望台 10 億分の 4 秒、相対性理論実証 ”, 2020 年 4 月 7 日
3.	 読売新聞 , “ スカイツリー展望台は「時間が速く進む」…アインシュタインの理論検証 ”, 2020 年 4 月 7 日
4.	 毎日新聞 , “ 地上 450 メートル、時は速く進んだ　東大チーム「100 兆分の５秒」実証 ”, 2020 年 4 月 7 日
5.	 毎日新聞 , “ なぜスカイツリー展望台では時間の進み方が速いのか　なぞを解明した時計の秘密 ”, 2020 年 4 月 7 日
6.	 朝日デジタル , “ スカイツリー展望台、時間はやく進む　光格子時計で確認 ”, 2020 年 4 月 7 日
7.	 Forbes, “Three Hundred And Fifty Years Of Testing Gravity With Clocks: Einstein, Popper, And Jean Richer At The Tokyo Skytree”, 

2020 年 4 月 7 日
8.	 日本経済業新聞 , “ 日本発最高精度の時計 ”, 2020 年 5 月 8 日
9.	 日経 XTECH, “ 数センチ差で時間の流れの違いを検知日本発の光格子時計は新産業を切り開くか ”, 2020 年 5 月 15 日
10.	 The Government of Japan [Twitter & Facebook], “ 可搬型光格子時計の開発 ”, 2020 年 5 月 16 日
11.	 Physics TODAY, “Search & Discover Transportable atomic clocks achieve laboratory precision”, 2020 年 6 月 4 日
12.	 日本経済業新聞 , “ 春秋 ”, 2020 年 6 月 10 日
13.	 日経産業新聞 , “「光格子時計」相対論で高低差測定 ”, 2020 年 6 月 20 日 
14.	 Nature Photonics, “news & views “Earth-based clocks test general relativity””, 2020 年 6 月 26 日 .
15.	 日経 XTECH, “ ノーベル賞候補の超高精度時計、日本発で世界の見方変えるか ”, 2021 年 1 月 29 日
16.	 日経エレクトロニクス (2021 年 3 月号 ), “ 日本発の超高精度時計、世界の見方を変えるか ”, 2021 年 2 月 20 日

量子オプトエレクトロニクス研究チーム ／ Quantum Optoelectronics  Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 D. Yamashita, H. Machiya, K. Otsuka, A. Ishii, Y. K. Kato: “Waveguide coupled cavity-enhanced light emission from individual carbon 

nanotubes”, APL Photonics 6, 031302, (2021).
2.	 N. Fang, K. Otsuka, A. Ishii, T. Taniguchi, K. Watanabe, K. Nagashio, Y. K. Kato: “Hexagonal boron nitride as an ideal substrate for 

carbon nanotube photonics”, ACS Photonics 7, 1773, (2020).

（２）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 セミナー , 内藤智也 , 東京大学大学院理学系研究科物理学専攻博士課程 , “Electronic Structure of 3D Graphene”, 和光 , 1 月 26 日 , 

(2021).

生細胞超解像イメージング研究チーム ／ Live Cell Super-Resolution Imaging Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 A. Murakami-Sekimata, M. Sekimata, N. Sato, Y. Hayasaka, and A. Nakano: “Deletion of PIN4 suppresses the protein transport defects 

caused by sec12-4 mutation in Saccharomyces cerevisiae”, Microbial Physiol. 30:25-35, (2020).
2.	 A. Ikeda, P. Schlarmann, K. Kurokawa, A. Nakano, H. Riezman, and K. Funato: “Tricalbins are required for nonvesicular ceramide 

transport at ER-Golgi contacts and modulate lipid droplet biogenesis”, iScience 23:101603, (2020).
3.	 S. Rodriguez-Gallardo, K. Kurokawa, S. Sabido-Bozo, A. Cortes-Gomez, A. Ikeda, V. Zoni, A. Aguilera-Romero, A. M. Perez-Linero, S. 

Lopez, M. Waga, M. Araki, M. Nakano, H. Riezman, K. Funato, S. Vanni, A. Nakano, and M. Muñiz: “Ceramide chain length-dependent 
protein sorting into selective endoplasmic reticulum exit sites”, Sci. Adv. 6:eaba8237, (2020).

4.	 T. Kanazawa, H. Morinaka, K. Ebine, T. L. Shimada, S. Ishida, N. Minamino, K. Yamaguchi, S. Shigenobu, T. Kohchi, A. Nakano, and T. 
Ueda: “The liverwort oil body is formed by redirection of the secretory pathway”, Nat. Commun. 11:6152, (2020).
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5.	 S. Fujii, K. Kurokawa, T. Tago, R. Inaba, A. Takiguchi, A. Nakano, T. Satoh, and A. K. Satoh: “Sec71 separates Golgi stacks in Drosophila 
S2 cells”, J. Cell Sci. 133:jcs245571, (2020).

6.	 R. Rizzo, D. Russo, K. Kurokawa, P. Sahu, B. Lombardi, D. Supino, M. A. Zhukovsky, A. Vocat, P. Pothukuchi, V. Kunnathully, L. Capolupo, 
G. Boncompain, C. Vitagliano, F. Z. Marino, G. Aquino, D. Montariello, P. Henklein, L. Mandrich, G. Botti, H. Clausen, U. Mandel, 
T. Yamaji, K. Hanada, A. Budillon, F. Perez, S. Parashuraman, Y. A. Hannun, A. Nakano, D. Corda, G. D’Angelo, and A. Luini: “Golgi 
maturation-dependent glycoenzyme recycling controls glycosphingolipid biosynthesis and cell growth via GOLPH3”, EMBO J. 
40:e107238, (2021).

7.	 Y. Shimizu, J. Takagi, E. Ito, Y. Ito, K. Ebine, Y. Komatsu, Y. Goto, M. Sato, K. Toyooka, T. Ueda, K. Kurokawa, T. Uemura, and A. Nakano: 
“Cargo sorting zones in the trans-Golgi network visualized by super-resolution confocal live imaging microscopy in plants”, Nat. 
Commun. 12:1901, (2021).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 K. Kurokawa and A. Nakano: “Live-cell imaging by super-resolution confocal live imaging microscopy (SCLIM): simultaneous three-

color and four-dimensional live cell imaging with high space and time resolution”, Bio-protocol 10:e3732 (2020).
2.	 黒川量雄 , 宮代大輔 , 中野明彦 : “ 超解像ライブイメージング顕微鏡 SCLIM の開発と SCLIM の多色 4D ライブセルイメージングによ

るゴルジ体タンパク質輸送機構の解明 ”, レーザー研究，49:271-275 (2021).

（３）招待講演 ／ Invited Talks
1.	 A. Nakano, “Golgi and next-door neighbors - a comparative view of yeast, plant and animal cells”, Subgroup Session on Mechanisms 

and Regulation of Membrane Trafficking, CELL BIO virtual 2020 （Online ASCB | EMBO Meeting）, December (2020).
2.	 黒川量雄 , “4D ライブイメージングによる小胞体，ゴルジ体の積荷タンパク質輸送機構の解明 ”，シンポジウム “ 生体膜ダイナミク

ス：細胞レベルの制御機構から個体レベルの生理機能まで ”，第 93 回日本生化学会大会，オンライン，9 月 16 日（2020）.
3.	 戸島拓郎 , “ 神経成長円錐における膜交通ダイナミクス ”，ワークショップ “ オルガネラ QC −細胞小器官の量と質の管理機構 ”，第

43 回日本分子生物学会年会，オンライン，12 月 2 日（2020）.
4.	 中野明彦 , “ 細胞内膜交通の超高時空間分解能ライブイメージング ”，IIRS フォーラム，第 43 回日本分子生物学会年会，オンライン，

12 月 2 日（2020）.
5.	 戸島拓郎 , “ 出芽酵母におけるトランスゴルジ網の槽成熟ダイナミクス ,” 第 22 回植物オルガネラワークショップ，オンライン，3 月

13 日（2021）.

（４）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 第 2 回多次元細胞計測ワークショップ , オンライン , 2 月 24 日（2021).

（５）特許出願 ／ Patent Applications
1.	 宮代大輔 , 中野明彦 , “ データ復元装置、顕微鏡システムおよびデータ復元方法（誤差評価に基づく帯域外外挿デコンボリューショ

ン）”，特許番号 6681068，2020 年 3 月 25 日 設定登録

（６）特筆すべき事項・トピックス（雑誌表紙などの掲載記事）／ Topics
1.	 清水らの Nature Communications 論文が，ジャーナルの Editors’ Highlights に選ばれました。
	 (https://www.nature.com/collections/jgjcebchgg)

生命光学技術研究チーム ／ Biotechnological Optics Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 K. Kayamori, Y. Nagai, C. Zhong, S. Kaito, D. Shinoda, S. Koide, W. Kuribayashi, M. Oshima, Y. Nakajima-Takagi, M. Yamashita, N. 

Mimura, H.J. Becker, K. Izawa, S. Yamazaki, S. Iwano, A. Miyawaki, R. Ito, K. Tohyama, W. Lennox, J. Sheedy, M. Weetall, E. Sakaida, K. 
Yokote, A. Iwama; “DHODH inhibition synergizes with DNA-demethylating agents in the treatment of myelodysplastic syndromes” 
Blood Adv., 5 (2) :438-450, (2021).

2.	 C. Zhong, K. Kayamori, S. Koide, D. Shinoda, M. Oshima, Y. Nakajima-Takagi, Y. Nagai, N. Mimura, E. Sakaida, S. Yamazaki, S. Iwano, A. 
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Miyawaki, R. Ito, K. Tohyama, K. Yamaguchi, Y. Furukawa, W. Lennox, J. Sheedy, M. Weetall, A. Iwama: “Efficacy of the novel tubulin 
polymerization inhibitor PTC-028 for myelodysplastic syndrome” Cancer Sci., 111 (12) :4336-4347, (2020).

3.	 S. Chen, L. He, A.J.Y. Huang, R. Boehringer, V. Robert, M.E. Wintzer, D. Polygalov, A.Z. Weitemier, Y. Tao, M. Gu, S.J. Middleton, K. 
Namiki, H. Hama, L. Therreau, V. Chevaleyre , H. Hioki, A. Miyawaki, R.A. Piskorowski, T.J. McHugh: “A hypothalamic novelty signal 
modulates hippocampal memory” Nature, 586 (7828) :270-274, (2020).

4.	 Y. Kono, T. Ishizawa, N. Kokudo, Y. Kuriki, R.J. Iwatate, M. Kamiya, Y. Urano, A. Kumagai, H. Kurokawa, A. Miyawaki, K. Hasegawa: “On-
Site Monitoring of Postoperative Bile Leakage Using Bilirubin-Inducible Fluorescent Protein” World J Surg., 44 (12) :4245-4253, (2020).

5.	 N. Kinoshita, A.J.Y. Huang, T.J. McHugh, A. Miyawaki, T. Shimogori “Diffusible GRAPHIC to visualize morphology of cells after specific 
cell-cell contact” Sci. Rep., 10 (1): 14437, (2020).

6.	 T.M. Takahashi, G.A. Sunagawa, S. Soya, M. Abe, K. Sakurai, K. Ishikawa, M. Yanagisawa, H. Hama, E. Hasegawa, A. Miyawaki, K. 
Sakimura, M. Takahashi, T. Sakurai: “A discrete neuronal circuit induces a hibernation-like state in rodents” Nature, 583 (7814): 109-
114, (2020).

7.	 H. Katayama, H. Hama, K. Nagasawa, H. Kurokawa, M. Sugiyama, R. Ando, M. Funata, N. Yoshida, M. Homma, T. Nishimura, 
M. Takahashi, Y. Ishida, H. Hioki, Y. Tsujihata, A.Miyawaki: “Visualizing and Modulating Mitophagy for Therapeutic Studies of 
Neurodegeneration.” Cell,181(5):1176-1187, (2020).

8.	 N. Kitada, R. Saito, R. Obata, S. Iwano, K. Karube, A. Miyawaki, T. Hirano, S.A. Maki: “Development of near-infrared firefly luciferin 
analogue reacted with wild-type and mutant luciferases” Chirality, 32 (7): 922-931 (2020).

9.	 S. Furukawa, A. Nagamatsu, M. Nenoi, A. Fujimori, S. Kakinuma, T. Katsube, B. Wang, C. Tsuruoka, T. Shirai, A.J. Nakamura, A. Sakaue-
Sawano, A. Miyawaki, H. Harada, M. Kobayashi, J. Kobayashi, T. Kunieda, T. Funayama, M. Suzuki, T. Miyamoto, J. Hidema, Y. Yoshida, 
A. Takahashi: “Space Radiation Biology for “Living in Space”. Biomed Res Int., 4703286. (2020).

（２）招待講演 ／ Invited Talks　
1．宮脇敦史 , 群馬大学生体調節研究所 , 第 5 回「若手研究者育成プログラムセミナー」, 前橋 , 10 月 12 日 , (2020).
2．Atsushi Miyawaki, “The real thill of bioimaging after a phantom FRET”, INAUGRALROGER TSIEN CELL SIGNALING DISTINGUISHED 

LECTURE, San Diego(Web), January, (2021).
3．宮脇敦史 , 第 119 回日本皮膚科学会総会 , Web, 6 月 7 日 , (2020).
4．宮脇敦史 , “ 脳循環代謝を可視化するための光イメージング技術 ”, 日本脳循環代謝学会 , 横浜 (web),11 月 13 日 ,(2020).
5．宮脇敦史 “ 腫瘍・免疫・炎症を観る技術 ”, 東京医科歯科大学　大学院特別講義 , web, 1 月 26 日 ,（2021）.

画像情報処理研究チーム ／ Image Processing Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 N. Yamashita, M. Morita, H. Yokota, and Y. Mimori-Kiyosue: “Digital Spindle: A New Way to Explore Mitotic Functions by Whole Cell 

Data Collection and a Computational Approach”, Cells, Vol. 9(5), 1255, (2020).
2.	 M. Umezawa, T. Sera, H. Yokota, M. Takematsu, M. Morita, G. Yeroslavsky, M. Kamimura, and K. Soga: “Computed tomography for in 

vivo deep over ‐ 1000 nm near ‐ infrared fluorescence imaging”, Journal of Biophotonics, (2020).
3.	 K. Fujisaki, N. Yamashita, H. Yokota: “Multipoint indentation for material identification in three-dimensional observation based on 

serial sectioning”, Precision Engineering, Vol. 69, pp. 62-67, (2021), DOI: 10.1016/j.precisioneng.2021.01.005
4.	 R. Ando, T. Matsuno, T. Matsuda, N. Yamashita, H. Yokota, K. Goto, I. Watanabe: “Analysis of nano-hardness distribution near the 

ferrite-martensite interface in a dual phase steel with factorization of its scattering behavior”, ISIJ International, Vol. 61, No. 1, pp. 
473-480, (2021), DOI: 10.2355/isijinternational.ISIJINT-2020-546 (Translated Paper from Tetsu to Hagne 2020).

5.	 安藤玲音，松野崇， 松田知子，山下典理男，横田秀夫，後藤健太，渡邊育夢 : “Dual Phase 鋼におけるフェライト・マルテンサ
イ ト 界 面 近 傍 の ナ ノ 硬 さ 分 布 と そ の バ ラ つ き 因 子 ”, 鉄 と 鋼 , Vol. 106, No. 12, p. 944-952, (2020), DOI:10.2355/tetsutohagane.
TETSU-2020-037.

6.	 T. Matsuno, R. Ando, N. Yamashita, H. Yokota, K. Goto, I. Watanabe: “Analysis of preliminary local hardening close to the ferrite–
martensite interface in dual-phase steel by a combination of finite element simulation and nanoindentation test”, International 
Journal of Mechanical Sciences, Vol. 180, No.15, 105663, (2020), DOI:10.1016/j.ijmecsci.2020.105663.

7.	 R. Sakaguchi, T. Shiraiwa, P. Chivavibul, T. Kasuya, M. Enoki, N. Yamashita, H. Yokota, Y. Matsui, A. Kazama, K. Ozaki, H. Takamatsu: 
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“Multiscale Analysis of MnS Inclusion Distributions in High Strength Steel”, ISIJ International, Vol. 60, No. 8, pp.1714-1723, (2020), 
DOI: 10.2355/isijinternational.ISIJINT-2019-739.

8.	 N. Yamashita, M. Morita, H. Yokota, and Y. Mimori-Kiyosue: “Digital Spindle: A New Way to Explore Mitotic Functions by Whole Cell 
Data Collection and a Computational Approach”, Cells, Vol.9, No.5, 1255, (2020), DOI: 10.3390/cells9051255.

9.	 M. Yamamoto,,S. Oyama,S. Otsuka,et al.: “Experimental pilot study for augmented reality-enhanced elbow arthroscopy”, Sci Rep 11, 
4650, (2021),  https://doi.org/10.1038/s41598-021-84062-7.

10.	 G. An, M. Akiba, K. Omodaka, T. Nakazawa, H. Yokota: “Hierarchical deep learning models using transfer learning for disease 
detection and classification based on small number of medical images”, Scientific Reports, 10.1038/s41598-021-83503-7.

11.	 J. Inoue, M. Okada, H. Nagao, H. Yokota, Y. Adachi: “Development of Data-Driven System in Materials Integration”, MATERIALS 
TRANSACTIONS 61(11):2058-2066, November, (2020), DOI:10.2320/matertrans.MT-MA2020006.

12.	 D. Sato, T. Takamatsu, M. Umezawa, Y. Kitagawa, K. Maeda, N. Hosokawa, K. Okubo, M. Kamimura, T. Kadota, T. Akimoto, T. Kinoshita, 
T. Yano, T. Kuwata, H. Ikematsu, H. Takemura, H. Yokota, K.Soga: “Distinction of surgically resected gastrointestinal stromal tumor by 
near-infrared hyperspectral imaging”, December, (2020), Scientific Reports 10(1), DOI: 10.1038/s41598-020-79021-7.

13.	 S. Kimura , S. Miura , T. Sera , H. Yokota , K. Ono , D. J. Doorly , R. C. Schroter, G. Tanaka: “Voxel-based simulation of flow and 
temperature in the human nasal cavity”, Computer Methods in Biomechanics and Biomedical Engineering, https://doi.org/10.1080/
10255842.2020.1836166.

14.	 T. Kitrungrotsakul, X.-X Han, Y. Iwamoto, S. Takemoto, H. Yokota, S. Ipponjima, T. Nemoto, X. Wei, and Y.-W. Chen: “An end-to-end 
CNN and LSTM network with 3D anchors for mitotic cell detection in 4D microscopic images and its parallel implementation on 
multiple GPUs”, Neural Computing and Applications, Vol. 32, pp. 5669–5679, (2020).

15.	 K. Omodaka, S. Fujioka, G. An, T. Udagawa, S. Tsuda, Y. Shiga, S. Morishita, T. Kikawa, K. Pak, M. Akiba, H. Yokota, and T. Nakazawa: 
“Structural Characterization of Glaucoma Patients with Low Ocular Blood Flow”, Current Eye Research, (2020).

16.	 T. Matsuno, R. Ando, N. Yamashita, H. Yokota, K. Goto, I. Watanabe: “Analysis of preliminary local hardening close to the ferrite–
martensite interface in dual-phase steel by a combination of finite element simulation and nanoindentation test”, International 
Journal of Mechanical Sciences, 180, (2020), 105663, DOI:10.1016/j.ijmecsci.2020.105663.

17.	 T. Sera, S. Higa, Y. Zeshu. K. Takahi, S. Miyamoto, T. Fujiwara, H. Yokota, S. Sasaki, S. Kudo: “A metabolic reaction–diffusion model 
for PKC α translocation via PIP2 hydrolysis in an endothelial cell”, Biochem J ,(2020) 477 (20): 4071–4084. https://doi.org/10.1042/
BCJ20200484.

18.	 Y. ‐ H. Chang, H. Yokota, K. Abe, M.-D. Tasi, S. ‐ L. Chu: “Automatic three ‐ dimensional segmentation of mouse embryonic stem 
cell nuclei by utilizing multiple channels of confocal fluorescence images”, Journal of Microscopy 281(1), July (2020), DOI:10.1111/
jmi.12949.

19.	 T. Kitrungrotsakul, Y. Iwamoto, S. Takemoto, H. Yokota, S. Ipponjima, T. Nemoto, L. Lin, R. Tong, J. Li, YW. Chen: “Accurate and 
fast mitotic detection using an anchor-free method based on full-scale connection with recurrent deep layer aggregation in 4D 
microscopy images.” BMC Bioinformatics, 22(1):91, (2021).

20.	 T. Kitrungrotsakul, XH. Han, Y. Iwamoto, S. Takemoto, H. Yokota, S. Ipponjima, T. Nemoto, W. Xiong, YW. Chen: “An end-to-end CNN 
and LSTM network with 3D anchors for mitotic cell detection in 4D microscopic images and its parallel implementation on multiple 
GPUs.” Neural Comput & Applic, 32, 5669–5679, (2020).

（２）招待講演 ／ Invited Talks
1.	 山下典理男 , 横田秀夫 , “3 次元内部構造顕微鏡を用いた鉄鋼組織の 3 次元計測 ”, 日本非破壊検査協会 2020 年度第 2 回 AE 部門講演

会資料 , pp.9-10，(2021).

（３）会議 , シンポジウム , セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 精密工学会 外観検査アルゴリズムコンテスト共催 , URL: alcon.itlab.org, (2020). 

（４）特許出願 ／ Patent Applications
1.	 深堀昂 , 梶谷ケビン , 筒雅博 , フェルナンドチャリスラサンサ , 孫哲 , 吉澤信 , 道川隆士 , 横田秀夫 , 野田茂穂 , “ 画像処理システム , 画

像エンコーダ , 画像デコーダ , 画像処理方法及び画像処理プログラム ”, 特願 2021-028581, 2021 年 3 月 25 日
2.	 深堀昂 , 梶谷ケビン , 筒雅博 , フェルナンドチャリスラサンサ , 孫哲 , 吉澤信 , 道川隆士 , 横田秀夫 , 野田茂穂 , “ 画像符号化装置 , 画像

符号化方法 , 画像復号化装置 , 及び画像復号化方法 ”, 特願 2021-028534, 2021 月 3 月 25 日
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3.	 深堀昂 , 梶谷ケビン , 筒雅博 , フェルナンドチャリスラサンサ , 孫哲 , 吉澤信 , 道川隆士 , 横田秀夫 , 野田茂穂 , “ 画像符号化装置 , 画像
符号化方法 , 画像復号化装置 , 及び画像復号化方法 ”, 特願 2021-028459, 2021 年 3 月 25 日

4.	 野田茂穂 , 横田秀夫 , ” 画像処理装置 , 画像処理方法 , 及び画像処理プログラム 光学計算による視細胞の仕組みを模倣したランダムサ
ンプリング ”, 特願 2020-170261, 2020 年 10 月 8 日

5.	 村井昭彦 , 持丸正明 , 野田茂穂 , 太田聡史 , “ 仮想空間共有システム , 仮想空間共有方法および仮想空間共有プログラム ”,  特願 2021-
013755, 2021 年 1 月 29 日

フォトン操作機能研究チーム ／ Innovation Photon Manipulation  Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 M. Bejide, Y. Li, N. Stavrias, B. Redlich, T. Tanaka, V. D. Lam, N. T. Tung, and E. Janssens: “Transient transmission of THz metamaterial 

antennas by impact ionization in a silicon substrate,” Opt. Exp. 29, 170-181, (2020).
2.	 C. Olaya, N. Hayazawa, N. Hermosa, and T. Tanaka: “Angular Goos-Hänchen shift sensor using gold film enhanced by surface 

plasmon resonance,” J. Phys. Chem. A 125, 451-458, (2021).
3.	 H. Tsai, C. Chen, T. Chen, D. Tsai, T. Tanaka, and T. Yen: “Realization of Negative Permeability in Vertical Double Split-Ring Resonators 

with Normal Incidence,” ACS Photon. 7, 3298-3304, (2020).
4.	 T. Fujita, Y. Takeuchi, K. Yamaguchi, T. Yano, T. Tanaka, and N. Takeyasu: “Comparison of hot carrier generation between self-

assembled gold and silver nanoparticle arrays tailored to the same hybrid plasmon resonance,” J. Appl. Phys. 128, 123104, (2020).
5.	 T. Iida, A. Ishikawa, T. Tanaka, A. Muranaka, M. Uchiyama, Y. Hayashi, and K. Tsuruta: “Super-chiral vibrational spectroscopy with 

metasurfaces for high-sensitive identification of alanine enantiomers,” Appl. Phys. Lett. 117, 101103, (2020).
6.	 D. Zhang, B. Ranjan, T. Tanaka, and K. Sugioka: “Multiscale hierarchical micro/nanostructures created by femtosecond laser ablation 

in liquids for polarization-dependent broadband antireflection,” Nanomaterials 10, 1573, (2020).
7.	 Y. Takeuchi, A. Violas, T. Fujita, Y. Kumamoto, M. Modreanu, T. Tanaka, K. Fujita, and N. Takeyasu: “Hot Carrier Generation in Two-

Dimensional Silver Nanoparticle Arrays at Different Excitation Wavelengths under On-Resonant Conditions,” J. Phys. Chem. C 124, 
13936-13941, (2020).

8.	 T. Le, A. Morita, and T. Tanaka, “Refractive index of nanoconfined water reveals its anomalous physical properties,” Nanoscale 
Horizons 5, 1016-1024 (2020).

9.	 W. Kubo, Y. Ogata, J. Frame, T. Tanaka, and X. Fang: “Polarization-dependent phase transition temperature in plasmonic thin films,” 
Jpn. J. Appl. Phys. 59, 052001, (2020).

10.	 T. Suichi, A. Ishikawa, T. Tanaka, Y. Hayashi, and K. Tsuruta: “Whitish daytime radiative cooling using diffuse reflection of non-
resonant silica nanoshells,” Sci. Rep. 10, 6486, (2020).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 田中拓男 , “ 光メタマテリアルと赤外分光 ”, O plus E 43, 1, pp. 21-25, (2021).
2.	 矢野隆章 , 山口堅三 , 岡本敏弘 , 原口雅宣 , 田中拓男 , “ プラズモニクスとメタマテリアルで拓くポスト LED フォトニクス ”, オプトロ

ニクス 39, 105-110, (2020). 

（３）招待講演 ／ Invited Talks
1.	 田中拓男 , “ 光メタマテリアル、作り方と使い方 ”, 第 23 回トライボシンポジウム , 理研， 埼玉 , 2 月 26 日 , (2021).
2.	 田中拓男 , “ メタマテリアル吸収体と高感度分光技術 ”, 分子科学研究所　先端光科学研究分野勉強会 , Online, 2 月 17 日 , (2021).
3.	 田中拓男 , “ メタマテリアル ”, 日本オプトメカトロニクス協会セミナー　基礎からよく分かる「ナノ領域の光学」入門 , 機会振興会

館，東京 , 1 月 22 日 , (2021).
4.	 田中拓男 , “ メタマテリアルを用いた高感度赤外分光法 ,” レーザー学会 (Online), 1 月 21 日 , (2021).
5.	 田中拓男 , “ メタマテリアルと赤外分光 ”, 第 17 回プラズモニクスシンポジウム (Online), 1 月 11 日 , (2021).
6.	 田中拓男 , “ メタマテリアル吸収体と高感度分光法への応用 ”, 第 241 回 有機エレクトロニクス材料研究会 (Online), pp. 21-28, 11 月

30 日 , (2020).
7.	 田中拓男 , “ 光メタマテリアルとその応用 ,” 2020 年電子情報通信学会ソサエティ大会 ナノフォトニクスの最前線 (Online), 9 月 16 日 , 

(2020).
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8.	 T. Yano and T. Tanaka, “Non-plasmonic nanoantenna and metasurface for field-enhanced spectroscopy beyond the plasmonic limit,” 
SPIE Optics+Photonics 2020, San Diego, CA, August 26, (2020).

9.	 T. Yano and T. Tanaka, “Multimodal tip-enhanced spectroscopy for nanoscale analysis and imaging”, SPIE Optics+Photonics 2020, 
San Diego, CA, August 25, (2020).

10.	 T. Tanaka, “Metamaterials for ultrasensitive IR spectroscopy,” SPIE Optics+Photonics 2020, San Diego, CA, August 25, (2020).
11.	 田中拓男 , “ メタマテリアルとは ”, 経済産業省メタマテリアル勉強会 (Closed), 経産省，霞ヶ関 , 7 月 21 日 , (2020).
12.	 田中拓男 , “ 光メタマテリアルとその応用 ”, 第 45 回 光学シンポジウム (held on-line), 東京大学生産技術研究所 , 6 月 26 日 , (2020).

（４）特許出願 ／ Patent Applications
1.	 田中拓男 , “ 物質の検出デバイス ”, 特願 2020-211894, 2020 年 12 月 21 日

（５）特筆すべき事項・トピックス（雑誌表紙などの掲載記事）／ Topics
1.	 田中拓男 , “ ひみつ道具の現在地 「とうめいマント」 光を操る素材 視覚に魔法 ”, 朝日新聞 石川版 朝刊 25 面 , 2021 年 2 月 13 日
2.	 田中拓男 , “ アルミニウムのナノ構造体で「色」を作る ”, Yano E plus, 2020 年 11 月 15 日

先端レーザー加工研究チーム ／ Advanced Laser Processing  Research Team

（１）原著論文 (accept) を含む ／ Original Papers
1.	 S. Bai, D. Serien, Y. Ma, K. Obata, and K. Sugioka: “Attomolar Sensing Based on Liquid Interface-Assisted Surface-Enhanced Raman 

Scattering in Microfluidic Chip by Femtosecond Laser Processing”, ACS Appl. Mater. Interfaces 12, 42328-42338, (2020). 
2.	 F. Sima, H. Kawano, M. Hirano, A. Miyawaki, K. Obata, D. Serien, and K. Sugioka: “Mimicking Intravasation-Extravasation with a 3D 

Glass Nanofluidic Model for the Chemotaxis-Free Migration of Cancer Cells in Confined Spaces”, Adv. Mater. Technol. 5, 2000484, 
(2020).

3.	 B. Xu, S. Ji, D. Pan, W. Hu, S. Zhu, Y. Hu, J. Li, D. Wu, J. Chu, and K. Sugioka: “Hybrid femtosecond laser fabrication of a size-tunable 
microtrap chip with a high-trapping retention rate”, Opt. Lett. 45, 1071-1074, (2020).

4.	 A. Dostovalov, K. Bronnikov, V. Korolkov, S. Babin, E. Mitsai, A. Mironenko, M. Tutov, D. Zhang, K. Sugioka, J. Maksimovic, T. Katkus, 
S. Juodkazis, A. Zhizhchenkoc, and A. Kuchmizhak: “Hierarchical anti-reflective laser-induced periodic surface structures (LIPSSs) on 
amorphous Si films for sensing applications”, Nanoscale 12, 13431-13441, (2020).

5.	 C. Zhang, J. Zhang, R. Chen, J. Li, C. Wang, R. Cao, J. Zhnag, H. Ye, H. Zhai, and K. Sugioka: “Rapid fabrication of high-resolution multi-
scale microfluidic devices based on the scanning of patterned femtosecond laser”, Opt. Lett. 45, 3929-3932, (2020).

6.	 D. Zhang, B. Ranjan, T. Tanaka, and K. Sugioka: “Multiscale hierarchical micro/nanostructures created by femtosecond laser ablation 
in liquids for polarization-dependent broadband antireflection”, Nanomaterials 10, 1573, (2020).

7.	 D. Zhang, L. C. Wu, M. Ueki, Y. Ito, and K. Sugioka: “Femtosecond laser shockwave peening ablation in liquids for hierarchical micro/
nanostructuring of brittle silicon and its biological application”, Int. J. Extrem. Manuf. 2, 045001, (2020).

8.	 F. Jipa, S. Orobeti, C. Butnaru, M. Zamfirescu, E. Axente, F. Sima, and K. Sugioka: “Picosecond laser processing of photosensitive glass 
for generation of biologically relevant microenvironments”, Appl. Sci. 10, 8947, (2020).

9.	 K. Obata, F. Caballero-Lucas, and K. Sugioka: “Material Processing at GHz Burst Mode by Femtosecond Laser Ablation”, J. Laser Micro 
Nanoeng. Accepted.

10.	 小幡孝太郎 , カバジェロ ルカス フランセスク , 杉岡幸次 , “ フェムト秒レーザを用いた GHz バーストモードアブレーション ”, レーザ
加工学会誌 28, 27-32, (2021).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 A. Hu, R. Li, S. Bai, Y. Yu, W. Zhou, D. Bridges, Y. Bao, and L. Zhang, “Introduction to laser micro-to-nano manufacturing”, A. Hu (Ed.), 

Laser Micro-Nano-Manufacturing and 3D Microprinting, (Springer, Switzerland) p. 1-74, (2020).
2.	 J. Xu, F. Sima, and K. Sugioka, “Femtosecond laser direct writing for 3D microfluidic biochip fabrication”, A. Hu (Ed.), Laser Micro-

Nano-Manufacturing and 3D Microprinting, (Springer, Switzerland) p. 247-272, (2020).
3.	 D. Serien, and K. Sugioka, “Laser Printing of Biomaterials”, K. Sugioka (Ed.), Handbook of Laser Micro- and Nano-Engineering, (Springer, 

Cham.), p. 1-32, (2021).
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4.	 J. Xu, Y. Cheng, and K. Sugioka, “Basic optics and diagnostics apparatus for ultrashort pulse laser micro/nanoprocessing”, K. Sugioka 
(Ed.), Handbook of Laser Micro- and Nano-Engineering, (Springer, Cham.) p. 1-14, (2021).

5.	 S. Bai and K. Sugioka, “Recent advances in the fabrication of highly sensitive surface-enhanced Raman scattering substrates: 
nanomolar to attomolar level sensing”, Light Adv. Manuf. Accepted.

6.	 D. Zhang, L. Zhuguo, and K. Sugioka, “Laser ablation in liquids for nanomaterial synthesis: diversities of targets and liquids”, J. Phys. 
Photonics Accepted.

7.	 杉岡幸次、“LASE 2020 報告 ”, Photonics West 2020 報告書（オプトロニクス社 , 東京）, 4-13, (2020）.
8.	 杉岡幸次 , ”2.7 レーザ加工分野の市場動向 : 2.7.1 はじめに ”, 2019 年度光産業技術に関する報告書（（財）光産業技術振興協会編） 

p.168-171, (2020).
9.	 杉岡幸次 , ”2.7 レーザ加工分野の市場動向 : 2.7.3 おわりに ”, 2019 年度光産業技術に関する報告書（（財）光産業技術振興協会編） 

p.195-196, (2020).
10.	 杉岡幸次 , ” 全フェムト秒レーザー加工による高感度３次元マイクロ流体 SERS センサーの開発 ”, 光技術コンタクト 58, 36-40, (2020).

（３）招待講演 ／ Invited Talks
1.	 K. Sugioka, “Advanced femtosecond laser 3D micro/nanoprocessing”, Int. Symp. on Laser Precision Microfabrication (LPM 2020), 

Digital Forum, June, (2020). Plenary talk
2.	 K. Sugioka, “Advanced femtosecond laser micro and nanoprocessing”, Int. Meeting on Nonlinear Optics and Photonics, Digital 

Forum, June, (2020). Keynote talk
3.	 K. Sugioka and F. Sima, “3D glass nanofluidics fabricated by femtosecond laser processing for study on tumor progression”, SPIE Int. 

Conf. on Microfluidics, BioMEMS, and Medical Microsystems XVIII, Digital Forumd, March, (2021).
4.	 S. Bai, and K. Sugioka, “Glass microfluidic SERS chip fabricated by hybrid femtosecond laser processing for Attomolar sensing and 

DNA discrimination”, SPIE Int. Conf. on Laser-based Micro- and Nanoprocessing XV, Digital Forum, March, (2021).
5.	 K. Obata, S. Bai, and K. Sugioka, “Additive and subtractive manufacturing process by hybrid laser material processing”, SPIE Int. Conf. 

on Advanced Fabrication Technologies for Micro/Nano Optics and Photonics XIV, Digital Forumd, March, (2021).
6.	 杉岡幸次 , “ レーザ加工分野の最新動向 ”, 令和２年光産業技術振興協会光産業動向セミナー , オンライン , 10 月 , (2020).
7.	 小幡孝太郎 , カバジェロ ルカス フランセスク , 杉岡幸次 , “GHz バーストモードによるフェムト秒レーザー加工 ”, 第 94 回レーザ加工

学会講演会 , Web 会議 , 11 月 , (2020).
8.	 小幡孝太郎 , カバジェロ ルカス フランセスク , 杉岡幸次 , “GHz バーストモードによるフェムト秒レーザー加工とその動向 ”, 令和 2

年度多元技術融合光プロセス研究会第 4 回研究交流会 , Web 会議 , 12 月 , (2020).
9.	 小幡孝太郎 , カバジェロ ルカス フランセスク , 杉岡幸次 , “GHz バーストモードフェムト秒レーザープロセスによる材料加工 ”, レー

ザー学会学術講演会第 41 回年次大会 , Web 会議 , 1 月 , (2021).
10.	 杉岡幸次 , “ フェムト秒レーザー３次元加工と応用 ”, フォトニクス技術フォーラム第５回研究 , Web 会議 , 3 月 , (2021).

（４）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 Nano Manufacturing Conference in 30th Int. Cong. on Applications of Lasers & Electro-Optics (ICALEO 2020), Web Forum, Oct., (2020).

（５）特許出願 ／ Patent Applications
1.	 杉岡幸次，Bai Shi, “ ラマン散乱分光測定装置およびラマン散乱分光法 ”, 2020-103730, 2020 年 6 月 16 日

（６）特筆すべき事項・トピックス（雑誌表紙などの掲載記事）／ Topics
1.	 D, Zhang and K. Sugioka, Opto-Electronic Advances 2019/2020 Best Paper Award 受賞
2.	 K. Sugioka, Light: Science & Applications 2019 Top Downloaded Paper Award 受賞
3.	 K. Sugioka, The Int. J. Extreme Manuf. Outstanding Paper Award 受賞
4.	 D. Serien, 電気学会研究会奨励賞 for “Fabrication of pure three dimensional proteinaceous microstructures by femtosecond laser 

cross linking” 受賞
5.	 D. Zhang, B. Ranjan, T. Tanaka, and K. Sugioka, Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020 

受賞
6.	 K. Sugioka, Best Editor Award of International Journal of Extreme Manufacturing in 2020 受賞
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テラヘルツ光源研究チーム ／ Tera-Photonics Research Team 

（１）原著論文 (accept) を含む ／ Original Papers
1.	 Y. Huang, A. Kosugi, Y. Naito, Y. Takida, H. Minamide, K. Hane, and Y. Kanamori: “Improvement in THz light extraction efficiencies 

with antireflection subwavelength gratings on a silicon prism”, Jpn. J. Appl. Phys., Vol. 60, No. SC, SCCL04, Mar., (2021). 
2.	 T. Notake, T. Iyoda, T. Arikawa, K. Tanaka, C. Otani and H. Minamide: “Dynamical visualization of anisotropic electromagnetic re-

emissions from a single metal micro-helix at THz frequencies”, Scientific Reports, 11, Article number: 3310, pp. 1-7, 8th of Feb. (2021).
3.	 Y. Takida*, K. Nawata* and H. Minamide: “Security screening system based on terahertz-wave spectroscopic gas detection”, Opt. 

Express, Vol. 29, Issue 2, pp. 2529-2537, 18 Jan., (2021). (*equal contribution). 
4.	 S. Ohno, Y. Tokizane, J. Shikata and H. Minamide: “Phase and Direction Control of a Terahertz Wave Propagating in a Waveguide 

Coupled With a Bull’s-Eye Structure”, URSI RADIO SCIENCE LETTERS, VOL. 2, (2020).
5.	 Z. Han, S. Ohno and H. Minamide: “Spectral phase singularity in a transmission-type double-layer metamaterial”, Optica, Vol. 7, No. 

12, pp.1721-1728, December 7, (2020).
6.	 Y. Huang, K. Nakamura, Y. Takida, H. Minamide, K. Hane and Y. Kanamori: “Actively tunable THz filter based on electromagnetically 

induced transparency analog hybridized with a MEMS metamaterial”, Sci. Rep. 10, 20807 30. Nov., (2020). 
7.	 H. Takeda, H. Yoshioka, H. Minamide, Y. Oki and C. Aadachi: “0.5–4.5 THz band terahertz spectroscopy of thermally activated delayed 

fluorescence molecules”, Optics Communications, Vol. 476 Article Number: 126339, pp1-8, Dec., (2020). 
8.	 H. Minamide, K. Nawata and Y. Takida: “Leading-edge terahertz-wave parametric sources and their applications”, Proc. SPIE 11499, 

Terahertz Emitters, Receivers, and Applications XI, 1149904,20 August, (2020). 
9.	 Y. Takida, S. Suzuki, M. Asada and H. Minamide: “Sensitive terahertz-wave detector responses originated by negative differential 

conductance of resonant-tunneling-diode oscillator”, Appl. Phys. Lett., Vol. 117, Issue 2, 021107, (2020). 
10.	 J. Shikata, S. Ohno, and H. Minamide: “Terahertz-wave generation from surface phonons at forbidden frequencies of lithium 

niobate”, IEICE Electron. Expr., Vol. 17, No. 11, pp.1-5, (2020).
11.	 Y. Takida, K. Nawata, and H. Minamide: “Injection-seeded backward terahertz-wave parametric oscillator”, APL Photonics, Vol. 5, 

Issue 6, 061301, (2020). 

（２）著書・解説など ／ Book Editions, Review Papers
1.	 （総説）大野誠吾 ,” 次世代通信技術へつながるテラヘルツ波制御技術 ”, ケミカルエンジニヤリング , vol.65, No. 12, pp.770-775, 12 月 , 

(2020)

（３）招待講演 ／ Invited Talks
1.	 H. Minamide and K. Nawata, “Extreme Terahertz-wave Parametric Oscillator And Its Application”, 45th International Conference on 

Infrared, Millimeter and THz waves (IRMMW-THz 2020), Online, Nov. 13, (2020). 
2.	 T. Negoro, T. Saito, T. Hosotani, T. Otsuji, Y. Takida, H. Ito, H. Minamide and A. Satou, “Gate-readout of photovoltage from a grating-

gate plasmonic THz detector”, 45th International Conference on Infrared, Millimeter and THz waves (IRMMW-THz 2020), Online, Nov. 
13, (2020).

3.	 H. Minamide, K. Nawata and Y. Takida, “Leading-edge terahertz-wave parametric sources and their applications”, SPIE Optical 
Engineering + Applications, 2020, (20 August 2020).

4.	 南出泰亜 , “ 高平均出力テラヘルツ波光源の開発と広がる応用 ”, レーザー学会学術講演会第 41 回年次大会 , オンライン , 1 月 19 日 , 
(2021 年 )

5.	 南出泰亜 , “ 新原理による非線形波長変換テラヘルツ光源の研究と将来展開 ”, 第 5 回フォトニクスワークショップ「光の多様性を探
求する !!」オンライン , 12 月 20 日 , (2020 年 )

6.	 南出泰亜 , “ 高輝度・波長可変テラヘルツ波光源の開発 ”, 可視赤外線観測装置技術ワークショップ , オンライン , 12 月 1 日 , (2020 年 )
7.	 佐藤昭，根来拓海，齋藤琢，鈴木雅也，細谷友崇，瀧田佑馬，伊藤弘昌，南出泰亜，尾辻泰一，“ 二次元プラズモンを用いた THz

ディテクタの新展開 ”, シンポジウム テラヘルツ科学の最先端Ⅶ，Inv3，オンライン , 11 月 19 日 ,（2020 年）

（４）特許出願 ／ Patent Applications
1.	 大野誠吾 , 南出泰亜 , 時実悠 , “ 電磁波制御装置、電磁波制御方法、及び電磁波伝達装置 ”, 特願 2020-030068,　2020 年 2 月 26 日
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テラヘルツイメージング研究チーム ／ Terahertz Sensing and Imaging Research Team 

（１）原著論文 (accept) を含む ／ Original Papers
1.	 S. Yamazaki, Y. Ueno, R. Hosoki, T. Saito, T. Idehara, Y. Yamaguchi, C. Otani, Y. Ogawa, M. Harata and H. Hoshina: “THz irradiation 

inhibits cell division by affecting actin dynamics”, JCI Inhibit, submitted, (2021).
2.	 H. Hoshina, S. Yamazaki, M. Tsubouchi and M. Harata: “Terahertz irradiation effects on the morphology and dynamics of actin 

biopolymer”, J. Phys., submitted, (2020).
3.	 K. Lee, R. T. Génova-Santos, M. Hazumi, S. Honda, H. Kutsuma, S. Oguri, C. Otani, M. W. Peel, J. Suzuki, O. Tajima and E. Won: “A 

forecast of the sensitivity on the measurement of the optical depth to reionization with the GroundBIRD experiment”, Astrophys. J. 
submitted, (2021).

4.	 H. Momiyama, Y. Sasaki, I. Yoshimine, S. Nagano, T. Yuasa and C. Otani: “Depth super-resolved imaging of infrastructures defects 
using a terahertz-wave interferometer”, NDT&E International, 120, 102431, (2021).

5.	 M. Yamashita and C. Otani: “Intrinsic and extrinsic effects on intraband optical conductivity of hot carriers in photoexcited 
graphene”, Physical Review Research, 3, 013150, (2021).

6.	 T. Noguchi, S. Mima and C. Otani: “Contribution of residual quasiparticles to the characteristics of superconducting thin-film, 
resonators”, IEEE Trans. Appl. Supercond. vol. 31, 2400205, (2021).

7.	 R. Smith, M. Ohno, Y. Mitsuya, Y. Miura, H. Takahashi, T. Kikuchi, S. Kohjiro, C. Otani and S. Ikuine: “Optimization for device structure of 
superconducting transition edge sensor coupled with heavy metal absorber”, IEEE Trans. Appl. Supercond. vol. 31, pp. 1-4, (2021).

8.	 Y. Yamamoto, H. Hoshina and H. Sato: “Differences in intermolecular interactions and flexibility between poly(ethylene 
terephthalate) and poly(butylene terephthalate) studied by far-infrared/terahertz and low-frequency Raman spectroscopy”, 
Macromolecules, 54, 1052-1062, (2021).

9.	 T. Notake, T. Iyoda, T. Arikawa, K. Tanaka, C. Otani and H. Minamide: “Frequency-decomposed bidirectional re-emissions from a 
single metal micro-helix dynamically visualized in terahertz electromagnetic region”, Scientific Reports, 11, 3310, (2021).

10.	 M. Imashimizu, M. Tanaka and H. Hoshina: “Gre factors prevent thermal and mechanical stresses induced by terahertz irradiation 
during transcription”, Genes to Cells, 26, 56-64, (2021).

11.	 [Review] C. H. Feng and C. Otani: “Terahertz Spectroscopy Technology as an Innovative Technique for Food: Current State-of-the-Art 
Research Advances”, Critical Reviews in Food Science and Nutrition, published online, (2020). 

12.	 [Review] J. F. García-Martín, M. Cuevas, C. H. Feng, P. Alvarez-Mateos, M. Torres-García and S. Sánchez: “Energetic Valorisation of Olive 
Biomass: Olive-Tree Pruning, Olive Stones and Pomaces”, Processes, 8, 511, (2020).

13.	 C. H. Feng, J. F. García-Martín, M. B. Lavado, M. C. López-Barrera and P. Álvarez-Mateos: “Evaluation of different solvents on flavonoids 
extraction efficiency from sweet oranges and ripe and immature Seville oranges”, International Journal of Food Science and 
Technology, 55, 3123–3134, (2020).

14.	 C. H. Feng, Y. Makino and J. F. García-Martín: “Hyperspectral imaging coupled with multivariate analysis and image processing for 
detection and visualisation of colour in cooked sausages stuffed with different modified casings”, Foods, 9, 1089, (2020).

15.	 S. Yamazaki, M. Harata, Y. Ueno, M. Tsubouchi, K. Konagaya, Y. Ogawa, G. Isoyama, C. Otani, and H. Hoshina: “Propagation of THz 
irradiation energy through aqueous layers: Demolition of actin filaments in living cells”, Scientific Reports, 10, 9008, (2020).

16.	 S. Yamazaki, C. Gerhold, K. Yamamoto, Y. Ueno, R. Grosse, K. Miyamoto and M. Harata: “The Actin-Family Protein Arp4 Is a Novel 
Suppressor for the Formation and Functions of Nuclear F-Actin”, Cells, 9, 758, (2020).

17.	 H. Kutsuma, Y. Sueno, M. Hattori, S. Mima, S. Oguri, C. Otani, J. Suzuki and O. Tajima: “A method to measure superconducting 
transition temperature of microwave kinetic inductance detector by changing power of readout microwaves”, AIP Advances, 10, 
095320, (2020).

18.	 H. Momiyama, Y. Sasaki, I. Yoshimine, S. Nagano, T. Yuasa and C. Otani: “Improvement of the depth resolution of swept-source THz-
OCT for non-destructive inspection”, Optics Express, 28, 12279, (2020).

19.	 M. Tsubouchi, H. Hoshina, M. Nagai and G. Isoyama: “Plane photoacoustic wave generation in liquid water using irradiation of 
terahertz pulses”, Scientific Reports, 10, 18537, (2020). 

20.	 S. Yamazaki, M. Harata, Y. Ueno, M. Tsubouchi, K. Konagaya, Y. Ogawa, G. Isoyama, C. Otani and H. Hoshina: “Propagation of THz 
irradiation energy through aqueous layers: Demolition of actin filaments in living cells”, Scientific Reports, 10, 9008, (2020).

21.	 K. Matsumoto, I. Yoshimine, K. Himeno, T. Shimura and T. Satoh: “Observation of evanescent spin waves in the magnetic dipole 
regime”, Physical Review B, 101, 184407, (2020).
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22.	 D. Marlina, Y. Park, H. Hoshina, Y. Ozaki, Y. M. Jung and H. Sato: “A study on blend ratio-dependent far-IR and low-frequency 
Raman spectra and WAXD patterns of poly(3-hydroxybutyrate)/poly(4-vinylphenol) using homospectral and heterospectral two-
dimensional correlation spectroscopy”, Analytical Sciences, 36, 731, (2020).

23.	 H. Hoshina, Y. Saito, T. Furuhashi, T. Shimazaki, M. Sawada, Y. Hioki and C. Otani: “Terahertz Spectroscopy for Characterization of 
Hydrogen Bonding and Cross-linked Structure Dynamics in Polyurethane”, J. Infra. Milli. TeraHz. Waves, 41, 265-275, (2020).

24.	 H. Hoshina, T. Kanemura and M. T. Ruggiero: “Exploring the Dynamics of Bound Water in Nylon Polymers with Terahertz 
Spectroscopy”, J. Phys. Chem. B, 124, 422-429, (2020).

25.	 K. Lee,  J. Choi,  R. T. Génova Santos,  M. Hattori, M. Hazumi, S. Honda, T. Ikemitsu, H. Ishida, H. Ishitsuka, Y. Jo, K. Karatsu, K. Kiuchi, J. 
Komine, R. Koyano, H. Kutsuma, S. Mima, M. Minowa, J. Moon, M. Nagai, T. Nagasaki, M. Naruse, S. Oguri, C. Otani, M. Peel, R. Rebolo, 
J. A. Rubiño Martín, Y. Sekimoto, J. Suzuki, T. Taino, O. Tajima, N. Tomita, T. Uchida, E. Won and M. Yoshida: “GroundBIRD: A CMB 
Polarization Experiment with MKID Arrays”, J. Low Temp. Phys. 200, 384–391, (2020).

26.	 R. Smith, M. Ohno, Y. Miura, N. Nakada, Y. Mitsuya, H. Takahashi, T. Ikeda, C. Otani, M. Sakama, N. Matsufuji, T. Irimatsugawa, S. 
Kohjiro, H. Yamamori and F. Hirayama: “Microcalorimetry of carbon ion beam for medical treatment by transition edge sensor”, J. 
Low Temp. Phys. 199, 1012-1017, (2020).

27.	 M. Naruse, T. Ando, Y. Waga, R. Kubota, S. Mima, C. Otani, T. Taino and H. Myoren: “Superconducting resonators with niobium and 
YBa2Cu3O7-d for Alpha-particle detectors”, J. Low Temp. Phys. 199, 614-621, (2020).

28.	 Y. Minami, Y. Akiba, S. Beckman, M. Hazumi, C. Kuo, N. A. Kurinsky, H. Kutsuma, A. T. Lee, S. Mima, C. R. Raum, T. Sasse, S. L. Stever, A. 
Suzuki and B. Westbrook: “Irradiation Tests of Superconducting Detectors and Comparison with Simulations”, J. Low Temp. Phys. 199, 
118–129, (2020).

（２）招待講演 ／ Invited Talks
1.	 C. Otani, Y. Sasaki, “Development of terahertz radar imaging technology and systems”, 2020 IEEE International Symposium on Radio-

Frequency Integration Technology (RFIT 2020), Hiroshima, Japan, September 3, (2020).
2.	 大谷知行 , “ テラヘルツ応用と概観と展望 ”, 第 12 回テラヘルツビジネスセミナー (12th THz-biz), 展示会 All About Photonics, 東京 , 

12 月 9 日 , (2020).
3.	 保科宏道，竹内恒 , “THz-NMR による生体と電磁波の相互作用の解明：未来型「電磁波医療」を目指して ”, 21 世紀イノベーション

リーダーワークショップ , オンライン , 12 月 2 日 , (2020).
4.	 山崎祥他 , “ テラヘルツ光による生体高分子の構造操作 ”, 令和 2 年度第 3 回名古屋産学官・医連携研究会（名古屋連携研究会：

NJK）, Online, 12 月 2 日 , (2020).
5.	 C. Feng, “Recent advances in non-invasively evaluating the quality of foodstuffs by using hyperspectral imaging and terahertz 

spectroscopy”, 理研 Discovery Afternoon, Online, 11 月 27 日 , (2020).
6.	 大谷知行 , “Beyond 5G/6G の動向とテラヘルツ応用 ”, 第 5 回マイクロコイル研究会 , 川崎 , 11 月 25 日 , (2020).
7.	 大谷知行 , “ テラヘルツ波の基礎とセンシング・イメージング応用 ”, 情報機構セミナー , オンライン , 11 月 24 日 , (2020).
8.	 山崎祥他 , “THz 光の周波数帯特性を利用した細胞機能制御 ”, テラヘルツ科学の最先端 VII, Online, 11 月 20 日 , (2020).
9.	 山崎祥他 , “ テラヘルツ光を利用した細胞内タンパク質構造体の操作 ”, 光・量子ビーム科学合同シンポジウム 2020, オンライン , 9 月

29 日 , (2020).
10.	 保科宏道 , “ テラヘルツ分光で見る高分子と吸着水のダイナミクス ”, 第 69 回高分子討論会 , オンライン , 9 月 17 日 , (2020).

（３）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 [ セミナー主催 ] 第 12 回テラヘルツビジネスセミナー (12th THz-Biz), 展示会「All About Photonics － InterOpto 2021」, 東京 , 12 月

9 日 , (2020).
2.	 [ 展示会出展 ] 大谷知行 , 佐々木芳彰 , 碇 智文 , “ 〜 JST-ACCEL プログラム〜 300 GHz 帯テラヘルツウォークスルーボディースキャ

ナーの研究開発 ”, 第 12 回テラヘルツビジネスセミナー (12th THz-biz), 展示会「All About Photonics － InterOpto 2021」,  東京 , 12
月 9-11 日 , (2020).

（４）特許出願 ／ Patent Applications
1.	 保科宏道 , 山崎祥他 , 小川雄一 , 大谷知行 , “ 生体高分子操作装置および生体高分子操作方法 ”, 特願 2020-188243, 2020 年 11 月 11 日
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（５）特筆すべき事項・トピックス（雑誌表紙などの掲載記事）／ Topics
1.	 日刊工業新聞 朝刊 19 面 , “ テラヘルツ波送受信〜理研など微生物で微小アンテナ〜 ”, 2021 年 2 月 9 日
2.	 Laser Focus World JAPAN, World News, “ テラヘルツ光照射による細胞内タンパク質重合体の断片化 ”, 2020 年度 11 月号 , pp. 8-9

（e.x.press 社）
3.	 RIKEN Research, Fall 2020, p. 24, Research Highlights, “Radiation hinders protein filaments from forming”, 2020
4.	 フジサンケイビジネスアイ , Science View “ テラヘルツ光照射による細胞内タンパク質重合体の断片化 ”, 2020 年 7 月 16 日

テラヘルツ量子素子研究チーム ／ Terahertz Quantum Device Research Team 

（１）原著論文 (accept) を含む ／ Original Papers
1.	 J. Yun and H. Hirayama: “Investigation of light-extraction efficiency of flip-chip AlGaN-based deep-ultraviolet light-emitting diodes 

adopting AlGaN metasurface”, IEEE Photonics Journal, Vol. 13, No. 1, 2700313, (2021).
2.	 T. T. Lin, L. Wang, K. Wang and H. Hirayama: “Development of high power terahertz quantum cascade lasers by reducing leakage 

current using non-equilibrium green’s function method”, The Review of Laser Engineering, Vol. 48, No. 5, pp, 250-254, (2020).
3.	 M. A, Khan, J. P. Bermundo, Y. Ishikawa, H. Ikenoue, S. Fujikawa, E. Matsuura, Y. Kashima, N. Maeda, M. Jo and H. Hirayama: “Impact 

of Mg-level on lattice relaxation in a p-AlGaN hole source layer and attempting excimer laser annealing on p-AlGaN HSL of UVB 
emitters”, Nanotechnology 32, 055702, (2020).

4.	 H. Murotani, R. Tanabe, K. Hisanaga, A. Hamada, K. Beppu, N. Maeda, M. A. Khan, M. Jo, H. Hirayama and Y. Yamada: “High internal 
quantum efficiency and optically pumped stimulated emission in AlGaN-based UV-C multiple quantum wells”, Applied Physics 
Letters, Vol. 117, Vol. 16, pp. 162106-1-5, (2020).

5.	 H. Murotani, H. Miyoshi, R. Takeda, H. Nakao, M. A. Khan, N. Maeda, M. Jo, H. Hirayama and Y. Yamada: “Correlation between excitons 
recombination dynamics and internal quantum efficiency of AlGaN-based UV-A multiple quantum wells”, Journal of Applied Physics, 
Vol. 128, Vol. 10, pp. 105704-1-7, (2020).

6.	 M. A. Khan, Y. Itokazu, N. Maeda, M. Jo, Y. Yamada and H. Hirayama: “External quantum efficiency of 6.5% at 300nm emission and 
4.7% at 310nm emission on bare-wafer of AlGaN-based UVB LEDs”, ACS Applied Electronic Materials, Vol. 2, No. 7, pp. 1892-1907, 
(2020).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 平山秀樹，“ コロナ社会に期待される深紫外 LED”, OplusE　特集：紫外光－殺菌作用に特化して－，2021 年 3・4 月号（第 478 号），

pp. 1-5，(2021). 
2.	 平山秀樹，“ 新型コロナウイルス禍を契機に，紫外線光デバイスの次なるブレイクスルーを追求へ ”，月刊 OPTRONICS　特別インタ

ビュー，Vol. 39, No. 467，pp. 88-92，(2020).
3.	 永松謙太郎，安井武史，平山秀樹，“ 期待される殺菌用・深紫外 LED”，応用物理学会　特別 WEB コラム「新型コロナウィルス禍に

学ぶ応用物理」，(2020).

（３）招待講演 ／ Invited Talks
1.	 平山秀樹，“ 深紫外 LED と THz-QCL の最近の進展 ”，第 4 回固体レーザーの高速探索と機能開発に向けたレーザー材料研究会，オ

ンライン開催，3 月 22 日，(2021).
2.	 平山秀樹，林宗澤，王利，王科，陳明曦，“GaAs 及び GaN 系テラヘルツ量子カスケードレーザの進展 ”， 第 68 回応用物理学会春季

学術講演会，オンライン開催，3 月 18 日，(2021).
3.	 H. Hirayama, Y. Kashima, E. Matsuura, N. Maeda, M. Jo, Y. Iwaisako, T. Iwai, M. Kokubo, T. Tashiro, H. Furuta, R. Kamimura, Y. Osada, H. 

Takagi, Y. Kurashima and T. Nagano, “High-power AlGaN UVC LEDs using PhC reflector p-contact layers”, SPIE Photonic West, online 
conference, March, (2021).

4.	 H. Hirayama, Y. Kashima, E. Matsuura, N. Maeda and M. Jo, “Progress on high-power UVC LEDs by inctrasing light-extraction 
efficiency”, SPIE Photonic West, online conference, March, (2021).

5.	 平山秀樹，“AlGaN 系深紫外 LED の進展と応用展開 ”，第 3 回日本表面真空学会若手部会研究会，オンライン開催，11 月 27 日，
(2020).

6.	 平山秀樹，“ 産業化を目指した深紫外 LED 高効率化の検討 ”，応用物理学会　応用電子物性分科会研究例会「紫外材料・デバイス開
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発の最前線～物性の理解とデバイス開発～」，オンライン開催，11 月 18 日，(2020).
7.	 鹿嶋行雄，前田哲利，松浦恵理子，定昌史，森田敏郎，岩井武，青山洋平，小久保光典，篠原秀敏，田代貴晴，上村隆一郎，古田

寛治，長田大和，祝迫恭，大神裕之，長野丞益，高木秀樹，平山秀樹，“ 反射フォトニック結晶を用いた高効率・高出力殺菌用深紫
外 LED”，第 81 回応用物理学会秋季学術講演会，オンライン開催，9 月 9 日，(2020).

8.	 平山秀樹，“ 殺菌用深紫外 LED の進展と展望 ”，UV 光源応用実証研究会第 3 回会員限定研究会「アフターコロナにおけるニューノー
マルを支える技術」，オンライン開催，8 月 7 日，(2020).

9.	 平山秀樹，“AlGaN 深紫外 LED の進展と展望 ”，日本学術振興会　結晶成長の科学と技術第 161 委員会第 114 回研究会「AlN・
AlGaN の結晶成長と深紫外発光素子への応用」，オンライン開催，5 月 29 日，(2020).

（４）特許出願 ／ Patent Applications
1.	 L. Wang, T. T. Lin, K. Wang, and H. Hirayama, “Quantum cascade laser element”, US10666018B2, May 26, 2020
2.	 平山秀樹，王利，“ 量子カスケードレーザー素子 ”，2020-068706，2020 年 4 月 6 日

光量子制御技術開発チーム ／ Photonics Control Technology Team 

（１）原著論文 (accept) を含む ／ Original Papers
1.	 H. Chang, L. Siarot, R. Matsuura, C.W. Lo, H. Sato, H. Otsuki, S. Wada and Y. Aida: “Distinct MCM10 Proteasomal Degradation Profiles 

by Primate Lentiviruses Vpr Proteins”, Viruses, Jan 15;12(1). pii: E98, (2020). 
2.	 Z. Zhang, B. Li, W. Zhang, R. Lu, S. Wada and Y. Zhang: “Real-time penetration state monitoring using convolutional neural network 

for laser welding of tailor rolled blank”, Journal of manufacturing system, Vol54, p348-360,(2020). 
3.	 K. Koike, K. Fujii, T. Kawano, and S. Wada: “Bio-mimic energy storage system with solar light conversion to hydrogen by combination 

of photovoltaic devices and electrochemical cells inspired by the antenna-associated photosystem II”, Plant Signaling & Behavior, 
Vol. 15, No.3, e1723946, (2020). 

4.	 K. Tsuno, S. Wada, T. Ogawa, T. Ebisuzaki, T. Fukushima, D. Hirata, J. Yamada and Y. Itaya: “Impulse Measurement of Laser Induced 
Ablation in Vacuum”, Optics Express. Vol.28, No.18, pp. 25723-.5729, (2020).

5.	 K.L. Wang, J.C. Jiang, C. H. Jhu, S. Wada, T. Sassa and M.Horie: “High-performance organic photorefractive materials containing 
2-ethylhexyl plasticized poly (triarylamine)”, J. Mater. Chem. C, Vol. 8, pp. 13357-13367, (2020).

6.	 T. Matsuyama, M. Watanabe, Y. Murota, N. Nakata, H. Kitamura, T. Shimokawa, T. Ebisuzaki, S. Wada, S. Sato and S. Tabata: “Efficient 
mutation induction using heavy-ion beam irradiation and simple genomic screening with random primers in taro (Colocasia 
esculenta L. Schott)”, Scientia Holticulturae, Vol.272, 109568, (2020).

7.	 A. N. Yamaguchi, N. Kitahata, C. Nishitani, N. Takada, S. Terakami, Y. Sawamura, T. Matsuyama, T. Asami, T. Nakano, T. Saito and T. 
Yamamoto: “Pattern and Trigger of Fruit Self-thinning in Japanese Pears”, The Horticulture Journal, Vol.89, Issue 4, 367-374, (2020).

8.	 R. Kawamura, K. Mizutani, T. Lin, S. Kakizaki, A. Minata, K. Watanabe, N. Saito, W. Meinzer, T. Iwata, Y. Izumi and A. Aoki: “Ex vivo 
evaluation of gingival ablation with various laser systems and electroscalpel”, Photobiomodulation, Photomedicine, and Laser 
Surgery, Vol. 38, pp. 364-373, (2020).

9.	 津田卓雄 , 野澤悟徳 , 斎藤徳人 , 川原琢也 , 川端哲也 , 高橋透 , 和田智之 , 中村卓司 , 江尻省 , 西山尚典 , 津野克彦 , 阿保真 : “ 共鳴散乱
ライダーによる地球超高層領域の金属原子層の観測 ”, レーザー研究 , Vol. 48, pp.580-584, (2020).

10.	 K. Kato, V. V. Badikov, L. Wang, V. L. Panyutin, K. V. Mitin, K. Miyata and V. Petrov: “Effective nonlinearity of the new quaternary 
chalcogenide crystal BaGa2GeSe6”, Optics Letters, Vol.45, No.8, pp.2136-2139, (2020).

11.	 K. Fujii, T. Goto, S. Nakamura, and T. Yao: “Excitation light intensity dependence of 2.2 eV yellow photoluminescence of n-type GaN“, 
Japanese Journal of Applied Physics, Vol. 60, No. 01, 011002, (2021).

12.	 K. Kato, K. Miyata and V. Petrov: “Refined Sellmeier equations for AgGaSe2 up to 18 µm”, Applied Optics, Vol.60, No.4, pp.805-808, 
(2021).

13.	 H. Yasui, S. Kabayama, T. Tachibana, M. Yumoto, T. Ogawa, Y. Watanabe and S.Wada: “Evaluation of Effect of PlatinumNanoparticles 
in Aqueous Dispersion on Hydrogen Bonding State Using Attenuated Total Reflectance Infrared Spectroscopy”, International State-
of-the-art in Surface and Interface Fabrication Technologies, I, pp.78-86, (2021).

14.	 O. Louchev and S. Wada: “Short-pulsed laser-induced breakdown indielectrics with strong electron superheating: diffusion-
controlled kinetics of impact ionizationand recombination”, Journal of the Optical Society of America B, Vol. 38, Issue 4, pp.1416-
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1434, (2021).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 L. Bai, T. Hirose, W. Assi, S. Wada, S. Takeshima and Y. Aida, “Bovine Leukemia Virus Infection Affects Host Gene Expression Associated 

with DNA Mismatch Repair”, Pathogens, 9(11): E909, (2020).
2.	 S. Saito, Y. Muramatsu, F. Komine, M. Polat, S. Takeshima, M. Takei, S. Wada and Y. Aida, “Absence of bovine leukemia virus proviral 

DNA in Japanese human blood cell lines and human cancer cell lines”, Archives of Virology，Jan;165(1):207-214, (2020).
3.	 K. Kato, V. V. Badikov, L. Wang, V. L. Panyutin, K. V. Mitin, K. Miyataand V.Petrov, “Effective Nonlinearity of BaGa2GeSe6: A Promising 

Quaternary Chalcogenide Crystal for the Mid-IR”, Conference on Lasers and Electro-Optics, OSA Technical Digest, paper SF3R.2, 
(2020).

4.	 K. Miyata, K. Kato, V. V. Badikov, L. Wang, V. L. Panyutin, K. V. Mitin, V. Petrov, “Effective Nonlinearity of  Trigonal Crystals of Symmetry 
Class 3 on the Example of the Non-Oxide BaGa2GeSe6”, Mid-Infrared Coherent Sources, OSA Technical Digest. paper MTu1C.4, (2020).

5.	 V. Petrov, V. V. Badikov, D. V. Badikov, G. S. Shevyrdyaeva, K. Kato, K. Miyata, K. V. Mitin, L. Wang, V. Panyutin, “Barium Nonlinear 
Optical Crystals for the Mid-IR: Characterization and Applications”, Mid-Infrared Coherent Sources, OSA Technical Digest, paper 
MTu1C.6, (2020).

6.	 K. Kato, V. Petrov, K. Miyata, “Phase-matching properties of LiIn(SxSe1-x) for THG of a CO2 laser at 10.5910 μ m”, Proceedings of 
SPIE, 11264, 112641W, (2020).

7.	 W. Assi, T. Hirose, S. Wada, R. Matsuura, S. Takeshima and Y. Aida, “PRMT5 Is Required for Bovine Leukemia Virus Infection In Vivo and 
Regulates BLV Gene Expression, PRMT5 Is Required for Bovine Leukemia Virus Infection In Vivo and Regulates BLV Gene Expression, 
Syncytium Formation, and Glycosylation In Vitro”, Viruses, 12(6):650, (2020).

8.	 R. Hamada, S. Metwally, M. Polat, L. Borjigin, A. O. Ali, A. A. Hady, A. E. Mohamed, S. Wada and Y. Aida, ” Detection and Molecular 
Characterization of Bovine Leukemia Virus in Egyptian Dairy Cattle”, Frontiers in Veterinary Science, 7: 608, (2020).

9.	 S. Metwally, R. Hamada, A. O. Ali, H. Y. Mahmoud, N. M. Baker, A. E. A. Mohamed, S. Wada, Y. Matsumoto and Y. Aida, “ Detection and 
molecular characterization of bovine leukemia virus in beef cattle presented for slaughter in Egypt”, Journal of Veterinary Medical 
Science, 82(11):1676-1684, (2020).

10.	 K. Kamiya, K. Fujii, M. Sugiyama and S. Nakanishi, “CO2 Electrolysis in Integrated Artificial Photosynthesis Systems”, Chemistry 
Letters, Vol. 50, No. 01, p.166-179, (2021).

11.	 K.Kato, V. Petrov, and K.Miyata: “Accurate Sellmeier equations for AgGaS2 in the 0.565-10.6321 μ m spectral range”, Proceedings of 
SPIE, 11670, 116701 Κ , (2021).

12.	 K. Kato, N. Umemura, T. Okamoto and K. Miyata, “Updated Sellmeier equations of β -BaB2O4”, Proceedings of SPIE, 11670, 116701E, 
(2021).

13.	 湯本正樹 , 斎藤徳人 , 和田智之 , “Cr2+ 添加 II-VI 属カルコゲン化物を用いた中赤外固体レーザー ”, レーザー研究 , Vol.8, No.8, 409-413, 
(2020).

14.	 和田智之 , 村上武晴 , 斎藤徳人 , 重田将宏 , Z.Mao, “ トンネル壁面画像からのクラック自動検出 ”, 建設機械施工 , Vol.72, No.9, P.89-93, 
(2020).

15.	 藤井克司 , 小池佳代 , 津野克彦 , 和田智之 , “ ユーザーオンデマンド再生可能エネルギー供給システム ”, 化学工業 , Vol.71, No.10, 606-
612, (2020).

16.	 和田智之 , 神成敦司 , “ 光を利用した先端農業特集に向けて ”, オプトロニクス , Vol.39, No.468, P60-62, (2020）.
17.	 小川貴代 , 斎藤洋太郎 , 小田切正人 , 坂下亨男 , 斎藤徳人 , 松山知樹 , 和田智之 , “ 光量子を用いた次世代農業技術の開発 ”, オプトロニ

クス . No.468, No.12, P68-73, (2020）.
18.	 藤井克司 , 小池佳代 , 津野克彦 , 和田智之 : “ 再生可能エネルギーを利用したエネルギー供給システムの制御方法 ”, クリーンテクノロ

ジー , Vol.30, No.12, 41-46, (2020).

（３）招待講演 ／ Invited Talks
1.	 和田智之 , “ 次世代植物栽培システムの開発 ” 理研エンジニアリングネットワーク「気象予測データを再現する人工気象器利用した

植物表現形質データ蓄積のための研究手法の開発」”, 日本橋ライフサイエンスビルディング東京中央区，2 月 19 日（2020）.
2.	 和田智之 , “「育種を加速するパスウェイ型シミュレータの開発とバイオデータ連携基盤構築」シンポジウム ”,　慶應義塾大学三田

キャンパス東京 , 3 月 18 日 (2020).
3.	 和田智之 , “ 日本初ユニコーン企業をどうすればつくれるのか～社会実装・事業化の方法、価値とリスク ”, 第 3 回研究開発成果の事
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業化支援セミナー , オンライン，12 月 21 日 , (2020).
4.	 和田智之 , “ 光技術を利用した新産業の創成～新たな可能性を求めて～ ”, 第 1 回理研イノベーション ONLINE セミナー , オンライン , 

10 月 29 日 ,(2020).
5.	 和田智之 , “ 宇宙用高出力レーザーの開発 ”, 第 3 回固体レーザーの高速探索と機能開発に向けたレーザー材料研究会　- 高出力レー

ザーの最前線と未来 -, オンライン , 2 月 10 日 ,(2021).
6.	 S. Wada, “Photonics for Agriculture -short ver.”, ス マ ー ト 農 業 ウ ェ ビ ナ ー , Developments towards a Data-Driven Agriculture for 

potato production, ONLINE, February, (2021).

（４）特許出願 ／ Patent Applications
1.	 藤井克司ほか , “ 水電気分解用積層体及びそれを用いた水電気分解装置 ”, 2019-013420, 2019 年 1 月 29 日
2.	 小池佳代ほか , “ 電気化学セルおよびセルスタック ”, 2019-037417, 2019 年 3 月 1 日
3.	 藤井克司ほか , “ 水電気分解用積層体及びそれを用いた水電気分解装置 ”, 2019-013420, 2019 年 1 月 29 日

先端光学素子開発チーム ／ Photonics Control Technology Team 

（１）原著論文 (accept) を含む ／ Original Papers
1.	 T. Saiki, T. Hosobata, Y. Kono, M. Takeda, A. Ishijima, M. Tamamitsu, Y. Kitagawa, K.  Goda, S. Morita, S. Ozaki, K. Motohara, Y. 

Yamagata, K. Nakagawa and I. Sakuma: “Sequentially timed all-optical mapping photography boosted by a branched 4f system with 
a slicing mirror ”, Opt. Express 28, 31914-31922, (2020).

2.	 N. L. Yamada, T. Hosobata, F. Nemoto, K. Hori, M. Hino, J. Izumi, K. Suzuki, M. Hirayama, R. Kanno and Y. Yamagata: “Application of 
precise neutron focusing mirrors for neutron reflectometry: latest results and future prospects”, J. Appl. Cryst. 53, (2020).

3.	 F. Funama, M. Hino,T. Oda,H. Endo, T. Hosobata, Y. Yamagata and S. Tasaki: “Observation of TOF–MIEZE Signals with Focusing Mirrors 
at BL06, MLF, J-PARC”, J. Synch. Investig. 14, S50–S55, (2020).

4.	 H. Duan, S. Morita, T. Hosobata, M. Takeda and Y. Yamagata: “Profile measurement using confocal chromatic probe on ultrahigh 
precision machine tool”, Int. J. of Automation Technology, accepted in press, (2020).

（２）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 第 9 回　VCAD システム研究会　光学素子分科会　9 月 15 日（2020).

中性子ビーム技術開発チーム ／ Neutron Beam Technology Team 

（１）原著論文 (accept) を含む ／ Original Papers
1. 　T. Kobayashi, S. Ikeda, Y. Otake, Y. Ikeda and N. Hayashizaki: “Completion of a new accelerator-driven compact neutron source 

prototype RANS-II for on-site use”, Nucl. Instrum. Methods Phys. Res. A, 994, 165091, (2021).
2. 　B. Ma, M. Teshigawara, Y. Wakabayashi, M. Yan, T. Hashiguchi, Y. Yamagata, S. Wang, Y. Ikeda　and Y. Otake: “Optimization of a slab 

geometry type cold neutron moderator for RIKEN accelerator-driven compact neutron source”, Nucl. Instrum. Methods Phys. Res. A, 
995, 165079, (2021).

3. 　K. Saito, C. Inoue, J. Ikegawa, K. Yamazaki, S. Goto, M. Takamura, S. Mihara and S. Suzuki: “Prediction Method of Void Distribution near 
Punched Surface of Medium-Carbon Steel Sheet using Scrap”, ISIJ Int., 61, 1, pp. 417-423, (2021).

4. 　Y. Otake: “RIKEN accelerator-driven compact neutron systems, RANS project and their capabilities”, Neutron News, 31, 2-4, pp. 32-36, 
(2020).

5. 　上野一貴 , 鈴木裕士 , 高村正人 , 西尾悠平 , 兼松学 : “ 中性子イメージング技術を用いた鉄筋コンクリート内部の変形解析技術に関す
る研究 ”, コンクリート構造物の補修，補強，アップグレード論文報告集 , 20, pp. 273-278, (2020).

6. 　Y. Suzuki, K. Ueno, K. Murasawa, Y. Kusuda, M. Takamura, T. Hakoyama, T. Hama and S. Suzuki: “Effect of surface area of grain 
boundaries on stress relaxation behavior in pure copper over wide range of grain sizes”, Mater. Sci. Eng. A, 794, 139585, (2020).

7. 　上野孝太 , 村澤皓大 , 鈴木優里菜 , 高村正人 , 浜孝之 , 箱山智之 , 鈴木進補 : “ 転位速度 - 応力指数および転位速度係数を用いた転位速
度の塑性ひずみ依存性の解明 ”, 日本金属学会誌 , 84, 10, pp. 326-333, (2020).
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8. 　藤田訓裕 , 岩本ちひろ , 高梨宇宙 , 大竹淑恵 , 野田秀作 , 井田博之 : “ 散乱中性子を用いた床版内欠陥の非破壊検査システム ”, 第 11 回
道路橋床版シンポジウム論文報告集 , pp. 47-52, (2020).

9. 　Y. Wakabayashi, C. Iwamoto, M. Mizuta, T. Hashiguchi, Y. Yoshimura, Y. Ikeda and Y. Otake: “Development of a nondestructive 
diagnostic technique for salt distribution in concrete structures using neutron at RANS”, Advances in Construction Materials, 
Proceedings of ConMat’20, pp. 1882–1892, (2020).

10. 　S. Takada, K. Tateishi, Y. Wakabayashi, Y. Ikeda, T. Yoshioka, Y. Otake and T. Uesaka: “Polarized proton spin filter for epithermal 
neutron based on dynamic nuclear polarization using photo-excited triplet electron spins”, Prog. Theor. Exp. Phys. 2020, 12, 123G01, 
pp. 1-12, (2020).

11. 　K. Saito, C. Inoue, J. Ikegawa, K. Yamazaki, S. Goto, M. Takamura, S. Mihara and S. Suzuki: “Effects of Size and Distribution of 
Spheroidized Cementite on Void Initiation in Punched Surface of Medium Carbon Steel”, Metall. Mater. Trans. A, 51, pp. 4499–4510, 
(2020).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 大竹淑恵 , “ 中性子線によるインフラ非破壊検査技術の最新－予防保全を目指して－ ”J. Jpn. Soc. Colour Mater., 94, 3，pp. 80-84, 

(2021).
2.	 水田真紀 , 大竹淑恵 , 吉村雄一 , “ 小型中性子源 RANS を利用したコンクリート中の水分の可視化 ”, 非破壊検査 , 70, 3, pp. 127-133, 

(2021).
3.	 大竹淑恵 , “ 小型中性子源による鉄鋼組織解析法研究会Ⅰとその後の展開 Characterization of Microstructure in Steels by Compact 

Neutron Source”, ふぇらむ , 25, 5, pp. 294-303, (2020).
4.	 若林泰生 , 吉村雄一 , 水田真紀 , 池田裕二郎 , 大竹淑恵 , “ 中性子を用いたコンクリート内塩分濃度分布の非破壊測定手法の開発 ”, 光

技術コンタクト , 58, 8, pp. 32-41, (2020).
5.	 水田真紀 , “ 土木学会鋼構造委員会道路橋床版の点検診断の高度化と長寿命化技術に関する小委員会報告書 ”, 土木学会鋼構造委員会

道路橋床版の点検診断の高度化と長寿命化技術に関する小委員会編 (DVD), pp. 43-48, (2020).
6.	 水田真紀 , “ 道路橋床版の維持管理マニュアル 2020 ( 鋼構造シリーズ 35)”, 土木学会鋼構造委員会道路橋床版の点検診断の高度化と

長寿命化技術に関する小委員会編 , p.74, (2020).

（３）招待講演 ／ Invited Talks
1.	 Y. Otake, “RIKEN Accelerator-driven compact neutron source, RANS and its capabilities for industrial use, and on-site use”, Compact 

Source Vydeo Workshop, European Spallation Source (online), 29 May., (2020).
2.	 T. Takanashi, S. Noda, M. Tamura and Y. Otake, “Novel CT reconstruction results of neutron and X-ray based on exact solution 

method”, 3rd International Symposium on Advanced Measurement, Analysis and Control for Energy and Environment 
(AMACEE2020), Tokushima, (online), 26 Aug., (2020).

3.	 M. Yan, T. Takanashi, Y. Wakabayashi, A. Taketani, Y. Ikeda and Y. Otake, “Evaluation of the fast neutron imaging detector with 
RANS”, 3rd International Symposium on Advanced Measurement, Analysis and Control for Energy and Environment (AMACEE2020), 
Tokushima Univ. (online), 26 Aug., (2020).

4.	 [Keynote] Y. Otake, “Novel non-destructive test methods based on compact neutron sources, RANS, RANS-II, RANS- μ ”, 3rd 
International Symposium on Advanced Measurement, Analysis and Control for Energy and Environment (AMACEE2020), Tokushima 
Univ. (online), 26 Aug., (2020).

5.	 Y. Otake, “RIKEN RANS project, RANS, RANS-II, III and RANS- μ ”, 6th Workshop on　High Brilliance Neutron Source 2020 (HBS 2020), 
Jülich Centre for Neutron Science (online), 17 Sept., (2020).

6.	 Y. Otake, “RIKEN Accelerator-driven Compact Neutron Systems, RANS and their capabilities”, Union for Compact Accelerator-Driven 
Neutron Source WEB seminar (UCANS-web 2020), Wako (online), 30 Nov., (2020).

7.	 Y. Wakabayashi, M. Yan, M. Takamura, R. Ooishi, H. Watase, Y. Ikeda and Y. Otake, “RANS- μ salt-meter of bridge inspection for on-
site use”, Union for Compact Accelerator-Driven Neutron Source WEB seminar (UCANS-web 2020), Wako, (online), 3 Dec., (2020).

8.	 小林知洋 , “ 加速器駆動小型中性子源 RANS とさらなる小型化を目指す RANS-II, III”, 4th RIKEN-RAP and QST-KPSI Joint Seminar, オン
ライン開催 , 2 月 3 日 , （2021）.

9.	 大竹淑恵 , “ 基礎編：中性子線の特徴、利用について―小型中性子源 RANS を中心として―”, 2020 年度 教育プログラム 『材料工学の
ための中性子利用―基礎と利用』 講座 , 早稲田大学各務記念材料技術研究所 , オンライン開催 , 2 月 10 日 , （2021）.

10.	 高村正人 , “ 中性子で測る塑性変形挙動 ”, 2020 年度 教育プログラム 『材料工学のための中性子利用―基礎と利用』 講座 , 早稲田大学 
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各務記念材料技術研究所 , オンライン開催 , 2 月 10 日 , （2021）.
11.	 小林知洋 , 大竹淑恵 , “ 小型陽子線加速器を用いた中性子源開発と材料分析への応用 ” 2021 年第 68 回応用物理学会春季学術講演会 , 

オンライン開催 , 3 月 16 日 , （2021）.
12.	 大竹淑恵 , “ 理研小型中性子源システム RANS, RANS-II, III, RANS- μと小型による定量評価の実績と挑戦 ”, ELPH Symposium 2021

「2020 年度電子光理学研究拠点共同利用成果報告会」, 仙台 , オンライン開催 , 3 月 5 日 , （2021）.

（４）会議、シンポジウム、セミナー主催 ／ Meeting, Symposiums and Seminars
1.	 4th Joint Workshop of RIKEN RAP and JCNS, オンライン , 6 月 22 日 -6 月 24 日 , (2020).
2.	 第 46 回　理研セミナー 中性子シリーズ , 「物理科学計測のための統計学の最近の問題，コンプトン散乱の偏光，氷砂糖からの X 線

発生，3D プリンタ，Tsallis 統計と黒体放射とシンクロトロン放射の関係」, 河合潤 , 教授 , 京都大学大学院工学研究科材料工学専攻 , 
オンライン , 11 月 19 日 , (2020).

3.	 “Union for Compact Accelerator-Driven Neutron Source WEB seminar (UCANS-web 2020) ”, 理研シンポジウム , オンライン , 11 月 30
日 -12 月 3 日 , （2020）.

4.	 第 47 回　理研セミナー 中性子シリーズ , 「自動車用次世代高強度鋼製部材に向けた応力測定と数値シミュレーションの複合的解析 /
Synergetic analysis of stress measurement and numerical simulation intending achievement of new-generation high strength steel 
parts for automobile」, 松野崇 , 准教授 , 鳥取大学学術研究院工学系部門 , オンライン , 1 月 28 日 , (2021).

5.	 第 5 回 RAP-J-PARC 連携協力会議 , オンライン , 3 月 11 日 , (2021).

（５）特許出願 ／ Patent Applications
1.	 大竹淑恵 , 若林泰生 , 池田裕二郎 , “ 濃度検出装置と濃度検出方法 ”, PCT/JP2020-084238, 5 月 13 日 , (2020).
2.	 大竹淑恵 , 池田義雅 , 吉村雄一 , 橋口孝夫 , 水田真紀 , 北川寛和 , 加藤健太 , “ ケーブル検査装置とケーブル検査方法 ”, 特願 2020-

106799, 6 月 22 日 , (2020).
3.	 藤田訓裕 , 岩本ちひろ , 高梨宇宙 , 大竹淑恵 , “ 非破壊検査装置と非破壊検査方法 ”, 特願 2020-175252, 10 月 19 日 , (2020).

（６）特筆すべき事項・トピックス（雑誌表紙などの掲載記事）／ Topics
1.	 日経産業新聞 , “ 鋼材特性、弱い中性子で分析 ”, 2020 年 4 月 6 日

技術基盤支援チーム ／ Advanced Manufacturing Support Team 

（１）原著論文 (accept) を含む ／ Original Papers
1.	 T. Fujihira, K. Yamazawa, T. Fujimoto, M. Takeda and Y. Teshima: “Microfabrication of Resin Surface Using Variable-pulse-width-

picosecond Laser”, proceedings of the ICPE2020 conference, 452-453, (2020).
2.	 Y. Teshima, Y. Hosoya, K. Sakai, T. Nakano, A. Tanaka, T. Aomatsu, K. Yamazawa, Y. Ikegami and Y. Watanabe:“Development of Tactile 

Globe by Additive Manufacturing”, Springer, Lecture Notes in Computer Science, Vol. 12376, 419–426, (2020).

（２）著書・解説など ／ Book Editions, Review Papers
1.	 山澤建二 , “ 研究工作支援と積層造形技術 ”, 精密工学会誌 , Vol.86 No.9, 666-670, (2020).
2.	 大山慎太郎 , 山澤建二，渡邉政樹，辻村有紀，横田秀夫 , “3D プリンタ向け新規人工骨材の開発　－結合剤噴射法（Binder Jetting）

による人工骨造形を行うα TCP 材料－ ”, 3D プリンタ用新規材料開発 , 291-299, (2021).

（５）特許出願 ／ Patent Applications
1.	 横田秀夫 , 山澤建二 , 辻村有紀 大山慎太郎 , 渡邉政樹 , “ 三次元造形物と、その製造方法および制御プログラム ”, 2020-169561, 2020

年 10 月 7 日
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Press Releases

プレスリリース

2020/4/7	 時空間エンジニアリング研究チーム / Space-Time Engineering Research Team

18 桁精度の可搬型光格子時計の開発に世界で初めて成功
－東京スカイツリーで一般相対性理論を検証－
Scientists use the Tokyo Skytree to test Einstein’s theory of general relativity
Takamoto et al. (2020) Test of general relativity by a pair of transportable optical lattice clocks. Nat Photonics. 	
doi: 10.1038/s41566-020-0619-8

2020/4/18	 アト秒科学研究チーム / Attosecond Science Research Team

強力なアト秒パルスを作り出す光シンセサイザーを実現
－アト秒レーザーのピーク出力がギガワット超へ－
Realizing an optical synthesizer that produces intense attosecond pulses-Attosecond laser  output exceeds 
gigawatts-
Xue, B., Tamaru, Y., Fu, Y., Yuan, H., Lan, P., Mücke, O. D., Suda, A., Midorikawa, K. & Takahashi, E. J. Fully stabilized multi-TW optical waveform 	
synthesizer: Toward gigawatt isolated attosecond pulses. Science Advances 6, eaay2802 (2020). doi: 10.1126/sciadv.aay2802

2020/5/21	 生命光学技術研究チーム / Biotechnological Optics Research Team

ミトコンドリアのマイトファジーを可視化する蛍光技術
－パーキンソン病の診断と治療に貢献－
Visualizing and modulating mitophagy for therapeutic studies of neurodegeneration
Hiroyuki Katayama, Hiroshi Hama, Koji Nagasawa, Hiroshi Kurokawa, Mayu Sugiyama, Ryoko Ando, Masaaki Funata, Nobuyo Yoshida, 	
Misaki Homma, Takanori Nishimura, Megumu Takahashi, Yoko Ishida, Hiroyuki Hioki, Yoshiyuki Tsujihata, Atsushi MIyawaki, “Visualizing 	
and modulating mitophagy for therapeutic studies of neurodegeneration”, Cell, 10.1016/j.cell.2020.04.025 

2020/5/22	 アト秒科学研究チーム / Attosecond Science Research Team

「水の窓」アト秒 X 線の高出力化を実現
－軟 X 線域における高強度アト秒レーザー開発に大きな前進－
Intense attosecond X-rays in the “Water Window” region is generated-A major step forward in the 
development of high-intensity attosecond lasers in the soft X-ray region-
Yuxi Fu*, Kotaro Nishimura*, Renzhi Shao, Akira Suda, Katsumi Midorikawa, Pengfei Lan, and Eiji J. Takahashi, “High efficiency ultrafast 	
water-window harmonic generation for single-shot soft X-ray spectroscopy”, Communications Physics, 10.1038/s42005-020-0355-x.

2020/6/2	 テラヘルツイメージング研究チーム / Terahertz Sensing and Imaging Research Team

テラヘルツ光照射による細胞内タンパク質重合体の断片化
－ THz パルス光が衝撃波として生体内部へ到達する可能性を発見－
Terahertz radiation can disrupt proteins in living cells
Yamazaki et al. (2020). Propagation of THz irradiation energy through aqueous layers: Demolition of actin filaments in living cells. Sci. Rep. 
DOI: 10.1038/s41598-020-65955-5

2020/6/12	 超高速分子計測研究チーム / Ultrafast Spectroscopy Research Team

わずかな粘度の違いを感じとる「羽ばたく蛍光分子」を開発
－ナノサイズの動きで液体のサラサラ度を測る－
Flapping Peryleneimide as a Fluorogenic Dye with High Photostability and Strong Visible-Light Absorption.
Shohei Saito, Ryo Kimura, Hikaru Kuramochi, Pengpeng Liu, Takuya Yamakado, Atsuhiro Osuka, Tahei Tahara (2020). “Flapping 
Peryleneimide as a Fluorogenic Dye with High Photostability and Strong Visible-Light Absorption”. Angewandte Chemie International 	
Edition, 59, 16430 (2020).  DOI : 10.1002/anie.202006198
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2020/7/8	 アト秒科学研究チーム / Attosecond Science Research Team

サブサイクル光を増幅する新手法の開発
－波長の壁を破る極超短パルスレーザー光－
Development of a new method for amplifying subcycle light-Ultrashort laser pulse that breaks the 
wavelength barrier-
Yu-Chieh Lin, Yasuo Nabekawa, and Katsumi Midorikawa, “Optical parametric amplification of sub-cycle shortwave infrared pulses”, 	
Nature Communications, 10.1038/s41467-020-17247-9

2020/8/21	 先端レーザー加工研究チーム / Advanced Laser Processing Research Team

アトモーラーセンシングを実現
－東京ドーム 10 個分の水から目薬 1 滴分の物質を検出－
Attomolar Sensing Based on Liquid-Interface Assisted Surface Enhanced Raman Scattering in Microfluidic 
Chip by Femtosecond Laser Processing
Shi Bai, Daniela Serien, Ying Ma, Kotaro Obata, Koji Sugioka, “Attomolar Sensing Based on Liquid-Interface Assisted Surface Enhanced 	
Raman Scattering in Microfluidic Chip by Femtosecond Laser Processing”, ACS Applied Materials & Interfaces, 10.1021/acsami.0c11322

2020/10/8	 アト秒科学研究チーム / Attosecond Science Research Team

3MHz の超高繰り返し高次高調波発生
－ 2 波長の極端紫外超短パルス光の応用に期待－
3MHz ultra-high-repetition high-order harmonic generation-Expected to novel application of 2-wavelength 
extreme ultraviolet ultrashort pulsed light-huu
Natsuki Kanda, Tomohiro Imahoko, Koji Yoshida, Akihiro Tanabashi, A. Amani Eilanlou, Yasuo Nabekawa, Tetsumi Sumiyoshi, 	
Makoto Kuwata-Gonokami, and Katsumi Midorikawa, “Opening a new route to multiport coherent XUV sources via intracavity 	
high-order harmonic generation”, Light: Science & Applications, 10.1038/s41377-020-00405-5

2020/10/27	 先端光学素子開発チーム / Ultrahigh Precision Optics Technology Team

超精密中性子集束ミラーによる電極界面のナノ構造解析技術の実用化
－測定精度の劇的な向上に向けた大きなマイルストーン－
Application of Precise Neutron Focusing Mirror of Neutron Reflectometry – Latest Results and Future 
Prospects
Yamada, Norifumi L., Hosobata, Takuya., Nemoto, Fumiya., Hori, Koichiro., Hino, Masahiro., Izumi, Jun., Suzuki, Kota., Hirayama, Masaaki., 	
Kanno, Ryoji., Yamagata, Yutaka., “Application of Precise Neutron Focusing Mirror of Neutron Reflectometry – Latest Results and Future 	
Prospects “, Journal of Applied Crystallography, vol.53, 6, 1462-1470. DOI: 10.1107/S1600576720013059

2020/10/29	 テラヘルツイメージング研究チーム / Terahertz Sensing and Imaging Research Team

テラヘルツ光が姿を変えて水中を伝わる様子の観測に成功！
－これまでの常識を覆すテラヘルツ光の新たな活用法として期待－
Plane photoacoustic wave generation in liquid water using irradiation of terahertz pulses
Masaaki Tsubouchi, Hiromichi Hoshina, Masaya Nagai & Goro Isoyama, “Plane photoacoustic wave generation in liquid water using 
irradiation of terahertz pulses“, Scientific Reports volume 10, Article number: 18537 (2020)

2020/12/12	 生細胞超解像イメージング研究チーム / Live Cell Super-Resolution Imaging Reseach Team

脂質がタンパク質の選別輸送を制御
－小胞体膜セラミドの長さが鍵－
Ceramide chain length-dependent protein sorting into selective endoplasmic reticulum exit sites
Sofia Rodoriguez-Gallardo, Kazuo Kurokawa, Susana Sabido-Bozo, Alejandro Cortes-Gomez, Atsuko Ikeda, Valeria Zoni, Auxiliadora 	
Aguilera-Romero, Ana Maria Perez-Linero, Sergio Lopez, Miho Waga, Misako Araki, Miyako Nakano, Howard Riezman, Kouichi Funato, 	
Stefano Vanni, Akihiko Nakano, and Manuel Muñiz, “Ceramide chain length-dependent protein sorting into selective endoplasmic 	
reticulum exit sites”, Science Advances, 10.1126/sciadv.aba8237 
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2021/2/2	 画像情報処理研究チーム /Image Processing Research Team

近赤外光を利用したハイパースペクトル画像から粘膜下腫瘍（GIST）を識別
－ GIST の早期発見、切除部位の最小化につながる画像識別手法の開発に成功－
Distinction of surgically resected gastrointestinal stromal tumor by near-infrared hyperspectral imaging
Daiki Sato, Toshihiro Takamatsu, Masakazu Umezawa, Yuichi Kitagawa, Kosuke Maeda, Naoki Hosokawa, Kyohei Okubo, 	
Masao Kamimura, Tomohiro Kadota, Tetsuo Akimoto, Takahiro Kinoshita, Tomonori Yano, Takeshi Kuwata, Hiroaki Ikematsu, 	
Hiroshi Takemura, Hideo Yokota & Kohei Soga, “Distinction of surgically resected gastrointestinal stromal tumor by near-infrared 	
hyperspectral imaging”, DOI：10.1038/s41598-020-79021-7

2021/2/8	 テラヘルツ光源研究チーム、テラヘルツイメージング研究チーム / 
	 Tera-Photonics Research Team, Teraherz Sensing and Imaging Research Team

微小金属らせんとテラヘルツ光との相互作用を可視化
－次世代超高速移動通信などにおける高性能アンテナへ応用－
Dynamical visualization of anisotropic electromagnetic re-emissions from a single metal micro-helix 	
at THz frequencies
T. Notake, T. Iyoda, T. Arikawa, K. Tanaka, C. Otani, H. Minamide, Scientific Reports, “Dynamical visualization of anisotropic electromagnetic 	
re-emissions from a single metal micro-helix at THz frequencies”, 10.1038/s41598-020-80510-y

2021/2/9	 超高速分子計測研究チーム / Ultrafast Spectroscopy Research Team

水表面の光化学反応は水中の 1 万倍速く進む
－独自の技術で 10 兆分の 1 秒の界面化学反応の観測に成功－
The water surface is a fantastic place for chemical reactions
Ryoji Kusaka, Satoshi Nihonyanagi, Tahei Tahara (2021). The photochemical reaction of phenol becomes ultrafast at the air-water interface.  	
Nat. Chem. doi: 10.1038/s41557-020-00619-5

2021/2/26	 画像情報処理研究チーム / Image Processing Research Team

AR（強化現実）を用いた次世代型肘関節鏡手術の開発
Experimental pilot study for augmented reality enhanced elbow arthroscopy
Michiro Yamamoto, MD, PhD, Shintaro Oyama, MD, PhD, Syuto Otuka, Yukimi Murakami, PhD, Hideo Yokota, PhD, Hitoshi Hirata, 	
MD, PhD, DOI:10.1038/s41598-021-84062-7

2021/3/1	 画像情報処理研究チーム / Image Processing Research Team

医師の判断プロセスに学んだ緑内障の画像診断システム
－少数医用画像に対する階層的転移学習による機械学習法－
Hierarchical deep learning models using transfer learning for disease detection and classification based 	
on small number of medical images
Guangzhou An, Masahiro Akiba, Kazuko Omodaka, Toru Nakazawa and Hideo Yokota, “Hierarchical deep learning models using 	
transfer learning for disease detection and classification based on small number of medical images”, Scientific Reports, 	
10.1038/s41598-021-83503-7

2021/3/26	 生細胞超解像イメージング研究チーム / Live Cell Super-Resolution Imaging Reseach Team

トランスゴルジ網における積荷選別様式を可視化
－細胞内物質輸送のハブは明確に区画化されている－
Cargo sorting zones in the trans-Golgi network visualized by super-resolution confocal live imaging 
microscopy in plants
Yutaro Shimizu, Junpei Takagi, Emi Ito, Yoko Ito, Kazuo Ebine, Yamato Komatsu, Yumi Goto, Mayuko Sato, Kiminori Toyooka, Takashi Ueda, 	
Kazuo Kurokawa, Tomohiro Uemura, and Akihiko Nakano., “Cargo sorting zones in the trans-Golgi network visualized by super-resolution 	
confocal live imaging microscopy in plants”, Nature Communications, 10.1038/s41467-021-22267-0
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News, Meetings, Events

ニュース、会議・イベント開催

November 2020 to January 2021

RAP Seminar, from 68th to 69th
November 20, 2020 Prof. Kentaro INUI　(Team Leader of Natural Language Understanding Team, AIP, RIKEN)

“Natural Language Understanding and Assessment”
自然言語理解と自然言語アセスメント

January 15, 　2021 Prof. Hidemi SHIGEKAWA　(Faculty of Pure and Applied Sciences, University of Tsukuba)
“Laser-combined STM and its applications: new microscopy techniques for nanoscale science”
光励起 STM の開発と応用

March 9th , 2021

理研シンポジウム　第 8 回「光量子工学研究」
The 8th RAP Symposium

2021 年 3 月 9 日に、第 8 回 RAP シンポジウム「光量子工学研究」が Online で開
催されました。
NTT 物性科学研究所の増子拓紀特別研究員、東京大学大学院理学系研究科　田中 
愛幸准教授による招待講演、また、東京大学大学院工学系研究科　古澤 明教授、
東京工業大学工学院電気電子系 波多野 睦子教授による特別講演のほか、RAP メン
バーによる 15 の発表が行われ、定員 200 名の Online 登録者の傍聴を始め、質疑
応答など活発な議論が繰り広げられました。

The 8th RAP Symposium entitled “Advanced Photonics” was held by ZOOM Online 
on March 9th 2021.The symposium consisted of four special lectures by Dr. Hiroki 
MASHIKO, NTT Basic Research Laboratories, Prof. Akira FURUSAWA, The University 
of Tokyo, Prof. Mutsuko HATANO, Tokyo Institute of Technology, Prof. Yoshiyuki 
TANAKA, The University of Tokyo, and 15 presentations by RAP members. 
Approximately 200 candidates were participated on the line.

Contact:  rap-seminar_contact@riken.jp  (ext.91-8532)

- Online Seminar -
Date: November 20 (Fri) 16:00 - 17:00, 2020

Title: Natural Language Understanding 
and Assessment
自然言語理解と自然言語アセスメント

Speaker: Prof. Kentaro INUI
Graduate School of Information Sciences, Tohoku University
Team Leader, Natural Language Understanding Team, AIP, RIKEN

乾 健太郎
東北大学大学院情報科学研究科 教授
理研革新知能統合研究センター チームリーダー

Language: Japanese

68th RAP Seminar
The 68th Seminar on RIKEN Center for Advanced Photonics

NLP has made considerable progress towards the goal of making computers understand human 
language. But two crucial, longstanding challenges remain: Equipping computers with knowledge and 
giving them the ability to reason like humans. The key to driving research towards solving these two 
challenges is building a path of concrete and attainable, but still challenging, intermediate goals. In this 
talk, we will explore the frontiers of NLP by taking a closer look at ongoing research towards two such 
intermediate goals: Machine reading comprehension and natural language assessment. Machine 
reading comprehension has become one of the main benchmarks for evaluating knowledge and 
reasoning in NLP models, but recent studies found that in many cases the datasets used allow models 
to cheat. My group is currently analyzing and re-thinking existing reading comprehension benchmarks, 
as well as creating new, better datasets. Natural language assessment, on the other hand, 
encompasses tasks related to evaluation and giving constructive feedback for a broad range of human-
written text such as descriptive responses in pedagogical achievement tests, argumentative essays, 
debates, or texts written by second language learners. Besides the immediate practical applications, 
natural language assessment is an ideal intermediate goal towards natural language understanding, 
since models can be trained for a limited, but still very challenging domain, such as a particular essay 
topic. I will present issues and future directions for this exciting goal.

Contact:  rap-seminar_contact@riken.jp  (ext.91-8532)

Date: January 15 (Fri) 16:00 - 17:00, 2021

Title: Laser-combined STM and its applications:
new microscopy techniques 

for nanoscale science 
光励起STMの開発と応用

Speaker: Prof. Hidemi SHIGEKAWA
Faculty of Pure and Applied Sciences

University of Tsukuba
重川 秀実

筑波大学数理物質系 教授

Language: Japanese

69th RAP Seminar
The 69th Seminar on RIKEN Center for Advanced Photonics

With size reduction, the variations in the electronic properties of materials and devices, for 
example, those caused by the structural nonuniformity in each element, have an ever 
increasing effect on macroscopic functions. For further advances in nanoscale science and 
technology, therefore, the development of a method for exploring the transient dynamics of 
local quantum functions in organized small structures is important. Since the invention of 
scanning tunneling microscopy (STM), addition of high time-resolution to STM has been one of 
the most challenging issues. One of the successful approaches is to combine STM with optical 
pump-probe (OPP) techniques using ultrashort-pulse lasers. Recently, based on the carrier-
envelope-phase (CEP)-controlled laser technologies, a new microscopy technique, THz-STM, 
has been developed. The use of tip-enhanced monocycle pulses has enabled taking a 
snapshot of ultrafast dynamics. In my talk, I would like to introduce the laser-combined STM 
techniques we have been developing these years.

- Online Seminar -

理研シンポジウム

第8回「光量子工学研究」
- 量子科学技術研究の展開 -
日程： 2021年3月9日(火) 9:20～18:00
会場： ONLINE (Zoom meeting)
主催： 理化学研究所光量子工学研究センター

協 賛： 応用物理学会、テラヘルツテクノロジーフォーラム、日本細胞生物学会、日本生物
物理学会、日本中性子科学会、日本バイオイメージング学会、日本非破壊検査協会、
日本物理学会、日本光学会、日本分光学会、VCADシステム研究会、フラーレン・
ナノチューブ・グラフェン学会、分子科学会、レーザー学会、レーザ顕微鏡研究会

参加費： 無料
定 員： 200名 （定員になり次第、締め切らせていただきます.）
参加申込先： https://business.form-mailer.jp/lp/252447f5132723

申込締切： 2021年2月26日(金)
お問い合わせ先： rap-symp_2020@ml.riken.jp

10:30-11:00 招待講演 増子 拓紀 (NTT物性科学基礎研究所 特別研究員 )

13:00-13:40 特別講演 古澤 明 (東京大学大学院工学系研究科 教授 )

13:40-14:20 特別講演 波多野睦子 (東京工業大学工学院電気電子系 教授 )

15:30-16:00 招待講演 田中 愛幸 (東京大学大学院理学系研究科 准教授 )

The 8th RAP Symposium

※詳細はシンポジウムHPをご覧ください. https://rap.riken.jp/events/the-8th-rap-symposium/

ONLINE



時当賞授*）属所（名職・名氏 ／）称名の等織組営運（ 称名の賞
Name of award (Sponsoring organization) ／ Name, position, affiliation

Awards

受賞・表彰

May 28, 2020

日本機械学会若手優秀講演フェロー賞 （一般社団法人日本機械学会） ／ 嶋根裕太研修生 （画像情報処理研究チーム）
Young  Fellow  Award  2020  (The Japan Society of Mechanical Engineers) ／ Yuta Shimane,  Research Parttime Worker  (Image 
Processing Research Team)

June 10, 2020

Top downloaded of paper of Light : Science & Applications in 2019 （Light : Science & Applications） ／ 杉岡幸次チーム
リーダー （先端レーザー加工研究チーム）
Top downloaded of paper of Light : Science & Applications in in 2019  (Light: Science & applications) ／ Koji Sugioka,  Team 
Leader (Advanced Laser Processing Research Team)

July 6, 2020

Opto-Electronic Advances 2019-2020 Best Paper Award （Opto-Electronic Advances）／杉岡幸次チームリーダー （先端レー
ザー加工研究チーム）
Opto-Electronic Advances 2019-2020 Best Paper Award (Opto-Electronic Advances) ／ Koji Sugioka, Team Leader (Advanced 
Laser Processing Research Team)

September 1, 2020

Special Thanks from Journal of Nuclear Science and Technology （Journal of Nuclear Science and Technology The Atomic 
Energy Society of Japan）／ 若林泰生研究員 （中性子ビーム技術開発チーム）
Special Thanks from Journal of Nuclear Science and Technology (Journal of Nuclear Science and Technology The Atomic Energy 
Society of Japan) ／ Yasuo Wakabayashi, Research Scientist (Neutron Beam Technology)

September 8, 2020

第 42 回 （2020 年度） 応用物理学会論文賞 （公益社団法人 応用物理学会） ／ 平山秀樹チームリーダー （テラヘルツ量子素子研究
チーム）
Out Standing Paper Award 2020 (The Japan Society of Applied Physics) ／ Hideki Hirayama, Team Leader (Terahertz Quantum 
Device Research Team)

September 10, 2020

2019 年電子・情報・システム部門　研究会奨励賞 （IEEJ, The Institute of Electrical Engineers of Japan）  （一般社団法人　電気
学会、  電子・情報・システム部門） ／ ゼリーン・ダニエラ特別研究員 （先端レーザー加工研究チーム）
2019 IEEJ Electronics,  Information and Systems Technical Meeting Best Presentation Award ( IEEJ , The Institute of Electrical 
Engineers of Japan) ／ Serien Daniela, Special Postdoctoral Researcher (Advanced Laser Processing Research Team)

September 16, 2020

2020 年度武田医学賞 （公益財団法人武田科学振興財団） ／ 宮脇敦史チームリーダー （生命光学技術研究チーム）
the Takeda Prize for Medical Science (Takeda Science Foundation) ／ Atsushi Miyawaki, Team Leader (Biotechnological Optics 
Research Team)

September 18, 2020

Outstanding Paper Award of International Journal of Extreme Manufacturing in 2019 （IOP Publishing （英国物理学会出
版局：Institute of Physics Publishing）／杉岡幸次チームリーダー（先端レーザー加工研究チーム）
Outstanding  Paper  Award  of  International  Journal of  Extreme Manufacturing in 2019  (IOP Publishing) ／ Koji Sugioka, 
Team Leader (Advanced Laser Processing Research Team)
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March 8, 2021

第 41 回学術講演会年次大会優秀論文発表賞 （一般社団法人レーザー学会） ／ 松原卓也研修生 （アト秒科学研究チーム）
The  Excellent  Study Award on 41th Annual Meeting of  the  Laser  Society of Japan (The  Laser  Society  of J apan) ／ Takuya 
Matsubara,  Student Trainee (Attosecond Science Research Team)

March 10, 2021

Best Editor Award of International Journal of Extreme Manufacturing in 2020 （IOP (Institute of  Physics)  Publishing） ／
杉岡幸次チームリーダー （先端レーザー加工研究チーム）
Best  Editor  Award  of  International  Journal  of  Extreme  Manufacturing  in  2020 ( IOP  (Institute  of  Physics) Publishing) ／
Koji Sugioka, Team Leader (Advanced Laser Processing Research Team)

March 17, 2021

日本学士院賞 （日本学士院） ／ 宮脇敦史チームリーダー （生命光学技術研究チーム）
The Japan Academy Prize (The Japan Academy) ／ Atsushi Miyawaki, Team Leader (Biotechnological Optics Research Team)

March 18, 2021

日本物理学会論文賞 （一般社団法人日本物理学会） ／ 河合利彦研究パートタイマーⅠ （先端光学素子研究チーム）
Outstanding Paper Award of the Physical Society of Japan (the Physical Society of Japan) ／ Toshihiko Kawai, Research Part-
time Worker I  (Ultrahigh Precision Technology Team)

March 18, 2021

理研栄峰賞 （理研） ／ 髙本将男専任研究員、 牛島一朗客員研究員、 大前宣昭客員研究員、 香取秀俊チームリーダー （時空間エ
ンジニアリング研究チーム）
RIKEN EIHO Award (RIKEN) ／ Masao Takamoto, Senior Research Scientist, Ichiro Ushijima, Visiting Scientist, Noriaki Ohmae, 
Visiting Scientist, Hidetoshi Kato, Team Leader (Space-Time Engineering Research Team)

March 18,2021

理研梅峰賞 （理研） ／ 高橋栄治専任研究員 （アト秒科学研究チーム）
RIKEN BAIHO Award (RIKEN) ／ Eiji Takahashi, Senior Research Scientist (Attosecond Science Research Team)

March 19, 2021

Excellent Paper Award （The 3rd International Conference Surface and Interface Fabrication Technologies （ICSIF）） ／ 和田智之
チームリーダー、 安井一、 湯本正樹研究員、 小川貴代研究員 （光量子制御技術開発チーム）
Excellent Paper Award  (The 3rd International Conference Surface and Interface Fabrication Technologies (ICSIF) ) ／ Satoshi Wada, 
Team  Leader,  Hajime  Yasui,  Technical  Staff,  Masaki  Yumoto,  Research  Scientist,  Takayo  Ogawa,  Research  Scientist  
(Photonics  Control  Technology  Team)

October 1, 2020

第 25 回慶応医学賞 （慶應義塾医学振興基金） ／ 宮脇敦史チームリーダー （生命光学技術研究チーム）
Commemorative lectures of The Keio Medical Science Prize 2020 (Keio University Medical Science Fund) ／ Atsushi Miyawaki, 
Team Leader (Biotechnological Optics Research Team)

October 9, 2020

第 90 回服部報公会 90 周年特別賞 （公益財団服部報公会） ／ 香取秀俊チームリーダー （時空間エンジニアリング研究チーム）

November 20, 2020

最優秀若手研究者賞 （シンポジウム 「テラヘルツ科学の最先端 VII」、 日本分光学会 テラヘルツ分光部会、 応用物理学会 テラヘルツ電磁
波技術研究会）／ 瀧田佑馬研究員 （テラヘルツ光源研究チーム）
The  best  of  young  scientist  award  2020  (Symposium  on  Frontier  of  Terahertz Science  Ⅶ )  (Terahertz  Technology  Form) ／ 
Yuma Takida, Research Scientist (Tera-Photonics Research Team)

November 21, 2020

一般財団法人みやぎ産業科学振興基金研究奨励賞 （一般財団法人みやぎ産業科学振興基金） ／ 瀧田佑馬研究員 （テラヘルツ光源
研究チーム）
Research Encouragement Award (Miyagi Foundation for the Promotion of Industrial Science) ／ Yuma Takida, Research Scientist 
(Tera-Photonics Research Team)

December 11, 2020

Micius Quantum Prize 2020 （The Micius Quantum Foundation）／香取秀俊チームリーダー （時空間エンジニアリング研究チーム）
Micius  Quantum  Prize  2020  (The Micius Quantum Foundation) ／ Hidetoshi  Katori,  Team Leader  (Space-Time  Engineering 
Research Team)

December 12, 2020

最優秀賞 （東京理科大学　研究推進機構総合研究院　脳学際研究部門） ／ 嶋根裕太研修生 （画像情報処理研究チーム）
The Best of Research Presentation on the 4th Symposium of Brain Interdisciplinary Research Division (Research Institute for 
Science & Technology) ／ Yuta Shimane, Research Parttime Worker (Image Processing Research Team)

January 28, 2021

第 11 回 （令和 2 （2020） 年度） 日本学術振興会育志賞 （独立行政法人日本学術振興会） ／ 藤井瞬基礎特研究員 （量子オプトエレク
トロニクス研究チーム）
JSPS  11th  IKUSHI  Prize  (Japan  Society  for  the  promotion  of  science) ／ Shun Fujii,  Postdoctoral  Researcher  (Ouantum  
Optoelectronics  Research  Team)

March 1, 2021

Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020 （IOP (Institute of Physics) 
Publishing） ／ 杉岡幸次チームリーダー （先端レーザー加工研究チーム）、 田中拓男チームリーダー （フォトン操作機能研究チーム）、 
Bikas Ranjan 特別研究員 （フォトン操作機能研究チーム）
Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020  (IOP (Institute of Physics) Publishing) ／
Koji  Sugioka,  Team Leader  (Advanced  Laser  Processing  Research  Team),   Takuo  Tanaka,  Team  Leader  (Innovative  Photon 
Manipulation Research Team),  Bikas Ranjan,  Postdoctoral Researcher  (Innovative Photon Manipulation Research Team)
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March 8, 2021

第 41 回学術講演会年次大会優秀論文発表賞 （一般社団法人レーザー学会） ／ 松原卓也研修生 （アト秒科学研究チーム）
The  Excellent  Study Award on 41th Annual Meeting of  the  Laser  Society of Japan (The  Laser  Society  of J apan) ／ Takuya 
Matsubara,  Student Trainee (Attosecond Science Research Team)

March 10, 2021

Best Editor Award of International Journal of Extreme Manufacturing in 2020 （IOP (Institute of  Physics)  Publishing） ／
杉岡幸次チームリーダー （先端レーザー加工研究チーム）
Best  Editor  Award  of  International  Journal  of  Extreme  Manufacturing  in  2020 ( IOP  (Institute  of  Physics) Publishing) ／
Koji Sugioka, Team Leader (Advanced Laser Processing Research Team)

March 17, 2021

日本学士院賞 （日本学士院） ／ 宮脇敦史チームリーダー （生命光学技術研究チーム）
The Japan Academy Prize (The Japan Academy) ／ Atsushi Miyawaki, Team Leader (Biotechnological Optics Research Team)

March 18, 2021

日本物理学会論文賞 （一般社団法人日本物理学会） ／ 河合利彦研究パートタイマーⅠ （先端光学素子研究チーム）
Outstanding Paper Award of the Physical Society of Japan (the Physical Society of Japan) ／ Toshihiko Kawai, Research Part-
time Worker I  (Ultrahigh Precision Technology Team)

March 18, 2021

理研栄峰賞 （理研） ／ 髙本将男専任研究員、 牛島一朗客員研究員、 大前宣昭客員研究員、 香取秀俊チームリーダー （時空間エ
ンジニアリング研究チーム）
RIKEN EIHO Award (RIKEN) ／ Masao Takamoto, Senior Research Scientist, Ichiro Ushijima, Visiting Scientist, Noriaki Ohmae, 
Visiting Scientist, Hidetoshi Kato, Team Leader (Space-Time Engineering Research Team)

March 18,2021

理研梅峰賞 （理研） ／ 高橋栄治専任研究員 （アト秒科学研究チーム）
RIKEN BAIHO Award (RIKEN) ／ Eiji Takahashi, Senior Research Scientist (Attosecond Science Research Team)

March 19, 2021

Excellent Paper Award （The 3rd International Conference Surface and Interface Fabrication Technologies （ICSIF）） ／ 和田智之
チームリーダー、 安井一、 湯本正樹研究員、 小川貴代研究員 （光量子制御技術開発チーム）
Excellent Paper Award  (The 3rd International Conference Surface and Interface Fabrication Technologies (ICSIF) ) ／ Satoshi Wada, 
Team  Leader,  Hajime  Yasui,  Technical  Staff,  Masaki  Yumoto,  Research  Scientist,  Takayo  Ogawa,  Research  Scientist  
(Photonics  Control  Technology  Team)

October 1, 2020

第 25 回慶応医学賞 （慶應義塾医学振興基金） ／ 宮脇敦史チームリーダー （生命光学技術研究チーム）
Commemorative lectures of The Keio Medical Science Prize 2020 (Keio University Medical Science Fund) ／ Atsushi Miyawaki, 
Team Leader (Biotechnological Optics Research Team)

October 9, 2020

第 90 回服部報公会 90 周年特別賞 （公益財団服部報公会） ／ 香取秀俊チームリーダー （時空間エンジニアリング研究チーム）

November 20, 2020

最優秀若手研究者賞 （シンポジウム 「テラヘルツ科学の最先端 VII」、 日本分光学会 テラヘルツ分光部会、 応用物理学会 テラヘルツ電磁
波技術研究会）／ 瀧田佑馬研究員 （テラヘルツ光源研究チーム）
The  best  of  young  scientist  award  2020  (Symposium  on  Frontier  of  Terahertz Science  Ⅶ )  (Terahertz  Technology  Form) ／ 
Yuma Takida, Research Scientist (Tera-Photonics Research Team)

November 21, 2020

一般財団法人みやぎ産業科学振興基金研究奨励賞 （一般財団法人みやぎ産業科学振興基金） ／ 瀧田佑馬研究員 （テラヘルツ光源
研究チーム）
Research Encouragement Award (Miyagi Foundation for the Promotion of Industrial Science) ／ Yuma Takida, Research Scientist 
(Tera-Photonics Research Team)

December 11, 2020

Micius Quantum Prize 2020 （The Micius Quantum Foundation）／香取秀俊チームリーダー （時空間エンジニアリング研究チーム）
Micius  Quantum  Prize  2020  (The Micius Quantum Foundation) ／ Hidetoshi  Katori,  Team Leader  (Space-Time  Engineering 
Research Team)

December 12, 2020

最優秀賞 （東京理科大学　研究推進機構総合研究院　脳学際研究部門） ／ 嶋根裕太研修生 （画像情報処理研究チーム）
The Best of Research Presentation on the 4th Symposium of Brain Interdisciplinary Research Division (Research Institute for 
Science & Technology) ／ Yuta Shimane, Research Parttime Worker (Image Processing Research Team)

January 28, 2021

第 11 回 （令和 2 （2020） 年度） 日本学術振興会育志賞 （独立行政法人日本学術振興会） ／ 藤井瞬基礎特研究員 （量子オプトエレク
トロニクス研究チーム）
JSPS  11th  IKUSHI  Prize  (Japan  Society  for  the  promotion  of  science) ／ Shun Fujii,  Postdoctoral  Researcher  (Ouantum  
Optoelectronics  Research  Team)

March 1, 2021

Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020 （IOP (Institute of Physics) 
Publishing） ／ 杉岡幸次チームリーダー （先端レーザー加工研究チーム）、 田中拓男チームリーダー （フォトン操作機能研究チーム）、 
Bikas Ranjan 特別研究員 （フォトン操作機能研究チーム）
Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020  (IOP (Institute of Physics) Publishing) ／
Koji  Sugioka,  Team Leader  (Advanced  Laser  Processing  Research  Team),   Takuo  Tanaka,  Team  Leader  (Innovative  Photon 
Manipulation Research Team),  Bikas Ranjan,  Postdoctoral Researcher  (Innovative Photon Manipulation Research Team)
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T he sequence of changes that 
light triggers in a bacterial 

photoreceptor starts with its 
protein scaffolding rather than 
the light-absorbing chromo-
phore, an all-RIKEN team has 
shown. This finding goes against 
conventional wisdom and sheds 
new insight on how photo-
receptors can convert light into 
chemical energy so efficiently.

Many bacteria use special 
light-sensitive molecules known 
as photoreceptor proteins to 
turn light into chemical energy, 
which they use to initiate various 
biological functions. 

Scientists have long wanted 
to know how bacterial photo-
receptors are so efficient in 
converting light. “One of the 
funda mental questions is how 
these biomolecules realize 
such high-efficiency, low-
energy photo reactions,” says 
Tahei Tahara. “This has been a 
long-standing question.” One 
motivation for uncovering the 
mechanism of these photo-
receptors is that it could inform 
efforts to develop artificial 
versions of these molecules.

The most well-studied 
bacterial photoreceptor, bacterio-
rhodopsin, contains a retinal 
chromophore, which changes 
shape when it absorbs a photon 
of yellow light. This configura-
tion change sets off a series of 
structural changes in bacterio-
rhodopsin that enables it to 
pump protons.

Interestingly, when the retinal 
chromophore of bacterio-
rhodopsin is placed in solution, 
its light-conversion efficiency 
is three times lower than when 
it is nestled within the protein 
structure of bacteriorhodopsin. 
This clearly indicates that the 

protein plays an important role 
in aiding the conversion of light 
into chemical energy.

The conformational change 
of the retinal chromophore was 
assumed to be the first response 
of bacteriorhodopsin to light. 
But Tahara and his co-workers at 
the RIKEN Molecular Spectro-
scopy Laboratory and the RIKEN 
Center for Advanced Photonics 
have now discovered that there is 
a step that precedes it—the protein 
that cradles the retinal chromo-
phore first alters its shape in 
response to light. This change in 
the protein could help the retinal 
chromophore use light efficiently.

The team took a spectroscopic 
technique known as 

femtosecond stimulated 
Raman spectroscopy, which 
can observe processes that 
occur faster than a picosecond 
( picosecond = − seconds), 
and extended it to the deep 
ultraviolet region. This allowed 
them to look at the protein 
part of bacteriorhodopsin 
(see image).

This discovery came as a 
surprise to Tahara. “I didn’t 
expect that the protein 
would change shape before 
chromophore isomerization, but 
when I saw the experimental 
results I thought ‘Wow, it’s 
actually the case’,” he says. “It 
was most surprising, and we 
were very excited.”

While the team looked at 
bacteriorhodopsin in this study, 
they anticipate that the same 
effect could well occur in other 
rhodopsins. 

PHOTORECEPTOR PROTEINS

First responder to light revealed
The protein component of a light-sensitive molecule in bacteria reacts first to light

RIKEN researchers have found that light (long red line) first causes the shape of the protein (purple twirls) to change before 
the retinal chromophore (stick-like structure) in bacteriorhodopsin undergoes photoisomerization.

Reference
1. Tahara, S., Kuramochi, 

H., Takeuchi, S. & 
Tahara, T. Protein 
dynamics preceding 
photoisomerization of 
the retinal chromophore 
in bacteriorhodopsin 
revealed by deep-UV 
femtosecond stimulated 
Raman spectroscopy. 
The Journal of Physical 
Chemistry Letters 10,
5422–5427 (2019). 

62

Articles

研究紹介記事



Articles

研究紹介記事

RESEARCH HIGHLIGHTS

SPRING 2020 15

©
 2

02
0 

RI
KE

N
 C

en
te

r f
or

 A
dv

an
ce

d 
Ph

ot
on

ic
s

T he sequence of changes that 
light triggers in a bacterial 

photoreceptor starts with its 
protein scaffolding rather than 
the light-absorbing chromo-
phore, an all-RIKEN team has 
shown. This finding goes against 
conventional wisdom and sheds 
new insight on how photo-
receptors can convert light into 
chemical energy so efficiently.

Many bacteria use special 
light-sensitive molecules known 
as photoreceptor proteins to 
turn light into chemical energy, 
which they use to initiate various 
biological functions. 

Scientists have long wanted 
to know how bacterial photo-
receptors are so efficient in 
converting light. “One of the 
funda mental questions is how 
these biomolecules realize 
such high-efficiency, low-
energy photo reactions,” says 
Tahei Tahara. “This has been a 
long-standing question.” One 
motivation for uncovering the 
mechanism of these photo-
receptors is that it could inform 
efforts to develop artificial 
versions of these molecules.

The most well-studied 
bacterial photoreceptor, bacterio-
rhodopsin, contains a retinal 
chromophore, which changes 
shape when it absorbs a photon 
of yellow light. This configura-
tion change sets off a series of 
structural changes in bacterio-
rhodopsin that enables it to 
pump protons.

Interestingly, when the retinal 
chromophore of bacterio-
rhodopsin is placed in solution, 
its light-conversion efficiency 
is three times lower than when 
it is nestled within the protein 
structure of bacteriorhodopsin. 
This clearly indicates that the 

protein plays an important role 
in aiding the conversion of light 
into chemical energy.

The conformational change 
of the retinal chromophore was 
assumed to be the first response 
of bacteriorhodopsin to light. 
But Tahara and his co-workers at 
the RIKEN Molecular Spectro-
scopy Laboratory and the RIKEN 
Center for Advanced Photonics 
have now discovered that there is 
a step that precedes it—the protein 
that cradles the retinal chromo-
phore first alters its shape in 
response to light. This change in 
the protein could help the retinal 
chromophore use light efficiently.

The team took a spectroscopic 
technique known as 

femtosecond stimulated 
Raman spectroscopy, which 
can observe processes that 
occur faster than a picosecond 
( picosecond = − seconds), 
and extended it to the deep 
ultraviolet region. This allowed 
them to look at the protein 
part of bacteriorhodopsin 
(see image).

This discovery came as a 
surprise to Tahara. “I didn’t 
expect that the protein 
would change shape before 
chromophore isomerization, but 
when I saw the experimental 
results I thought ‘Wow, it’s 
actually the case’,” he says. “It 
was most surprising, and we 
were very excited.”

While the team looked at 
bacteriorhodopsin in this study, 
they anticipate that the same 
effect could well occur in other 
rhodopsins. 

PHOTORECEPTOR PROTEINS

First responder to light revealed
The protein component of a light-sensitive molecule in bacteria reacts first to light

RIKEN researchers have found that light (long red line) first causes the shape of the protein (purple twirls) to change before 
the retinal chromophore (stick-like structure) in bacteriorhodopsin undergoes photoisomerization.
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Tahara, T. Protein 
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photoisomerization of 
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in bacteriorhodopsin 
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Chemistry Letters 10,
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T ailoring the dimensions 
and other attributes of 

carbon nanotubes can substan-
tially boost the amount of light 
they emit, three physicists at 
RIKEN have discovered. This 
finding promises to lead to the 
development of highly efficient 
photonic devices.

Carbon nanotubes are 
tiny cylinders that are just a 
nanometer to a few nanometers in 
diameter but can be up to several 
micrometers in length. Their 
excellent electronic and mechani-
cal properties make them attrac-
tive for use in energy-efficient 
devices. In particular, a defect in 
the otherwise pure atomic carbon 
structures of nanotubes can emit 
single photons of light—a vital 
component for many nanoscale 
devices that are needed for 
quantum computation and 
communications.

In a typical light-emitting 
device, laser light or an electric 
field creates pairs of electrons 
and holes known as excitons. 
Sometime later, the electron and 
hole recombine and the exciton 
annihilates. Depending on the 
symmetry of the exciton, annihi-
lation can result in the emission 
of light or not.

About half of the created 
excitons are bright, while 
the other half are dark and 
recombine without emitting 
light. Some dark excitons can 
become bright excitons and then 
emit light on annihilation. But 
carbon nanotubes tend to have 
low light-emitting efficiencies, 
mainly because dark excitons 
often recombine before they 
can turn into bright excitons 
(see image).

Now, Yuichiro Kato and two 
colleagues, all at the RIKEN 
Nanoscale Quantum Photonics 
Laboratory, have discovered that 
by tailoring the specifications 
of the nanotubes more than 
half of the dark excitons can 
be converted into bright ones, 
thereby greatly enhancing the 
light output of the nanotubes.

The researchers performed 
time-resolved luminescence 
measurements on a range of 
carbon nanotubes. By fitting 
the time-resolved luminescence 
traces with a model, they found 
that the conversion rate between 

dark and bright excitons depends 
on the length, diameter and 
chirality of the nanotubes. The 
trio estimated that in longer 
nanotubes, the conversion rate 
of dark to bright excitons was so 
high that more than half of the 
dark excitons contributed to the 
total luminescence.

“This shows that dark 
excitons can significantly affect 
the emission kinetics in low-
dimensional materials such as 
nanotubes,” says Kato. “They thus 
point to the potential of using 
surface interactions to engineer the 
dark-to-bright conversion process.”

The team now intends to 
explore the potential of harness-
ing this effect. “We are interested 
in using this efficient conver-
sion process to achieve carbon-
nanotube single-photon emitters 
that have better performance,”  
says Kato. 

EXCITONS

When the dark side of nanotubes is good
The high conversion of dark to bright excitons in long carbon nanotubes can lead to more efficient 
optoelectronic devices

Schematic drawing showing a dark exciton converting into a bright exciton before emitting light. Three RIKEN physicists have 
shown that the conversion rate of this process is higher in longer nanotubes.

Reference
1. Ishii, A., Machiya, H. 

& Kato, Y. K. High 
efficiency dark-to-bright 
exciton conversion 
in carbon nanotubes. 
Physical Review X 9,
041048 (2019). 
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R IKEN physicists have 
used Japan’s tallest tower 

and two ultraprecise clocks to 
measure the time dilation effect 
predicted by Einstein’s theory of 
general relativity. This measure-
ment demonstrates the power 
of transportable ultraprecise 
clocks, which could find applica-
tion in probing the structures of 
volcanoes.

Einstein hypothesized that the 
gravitational field of a massive 
object will warp space–time 
and cause time to run slower. 
Since the Earth’s gravitational 
field gets weaker the further 
you are from the center of the 
Earth, a clock at the bottom of 
a tall building should run ever 
so slightly slower than one at 
the top.

But because this difference is 
minuscule, stringent testing of 
the theory of relativity requires 
either extremely precise clocks or 
a large difference in altitude. The 
best measurements in the labora-
tory have involved large, complex 
clocks such as the optical lattice 
clocks developed by the RIKEN 
group, which can measure 
height differences of around a 
centimeter. Measurements using 
satellites whose altitudes differ 
by thousands of kilometers have 
attained an even higher accuracy.

Now, a team led by Hidetoshi 
Katori of the RIKEN Center 
for Advanced Photonics has 
developed transportable optical 
lattice clocks that could precisely 
test general relativity, but by 
using Tokyo Skytree rather than 
satellites. They placed one clock 
at the base of the tower and one 
on the observation deck, which 
is  meters above street level. 
The measurements validated 

Einstein’s theory to a precision 
comparable to the best space-
based measurements.

The ultimate purpose, 
however, was not to prove or 
disprove Einstein. “We wanted 
to demonstrate that we could 
conduct these accurate meas-
urements anywhere outside 
the laboratory, with transport-
able devices,” says Katori. 

“Ultraprecise clocks can dis-
tinguish small differences in 
altitude, allowing us to measure 
ground swelling in places such as 
active volcanoes or crustal defor-
mation, or to define the reference 
for height. This is the first step 
toward making ultraprecise 
clocks into real-world devices.”

The key was to miniatur-
ize the laboratory-sized clocks 
into transportable devices and 
to make them insensitive to 
environmental noise such as 
temperature changes, vibrations 
and electromagnetic fields. Each 
clock was enclosed in a magnetic-
shield box, around  centimeters 
on each side, while the various 
lasers and electronic controllers 

were housed in two rack-mount-
able boxes. The two clocks were 
connected by an optical fiber to 
measure the beat note.

The team plans to compare 
clocks hundreds of kilometers 
apart to monitor the long-term 
uplift and depression of the 
ground, a potential application of 
ultraprecise clocks. 

ATOMIC-LATTICE CLOCKS

Bringing space-based measurements down to earth
Two transportable clocks test relativity to an accuracy rivaling that of satellite-based measurements

The tallest tower in Japan, Tokyo Skytree looms over its surroundings. RIKEN physicists have used it and two transportable 
ultraprecise clocks to test the accuracy of Einstein’s theory of general relativity to a precision comparable to that obtained 
using satellites orbiting the Earth.

Reference
1. Takamoto, M., Ushijima, 

I., Ohmae, N., Yahagi, T., 
Kokado, K., Shinkai, H. & 
Katori, H. Test of general 
relativity by a pair of 
transportable optical lattice 
clocks. Nature Photonics
14, 411–415 (2020).

Learn more about 
the experiment 
and atomic clocks 
on page 32.
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T ailoring the dimensions 
and other attributes of 

carbon nanotubes can substan-
tially boost the amount of light 
they emit, three physicists at 
RIKEN have discovered. This 
finding promises to lead to the 
development of highly efficient 
photonic devices.

Carbon nanotubes are 
tiny cylinders that are just a 
nanometer to a few nanometers in 
diameter but can be up to several 
micrometers in length. Their 
excellent electronic and mechani-
cal properties make them attrac-
tive for use in energy-efficient 
devices. In particular, a defect in 
the otherwise pure atomic carbon 
structures of nanotubes can emit 
single photons of light—a vital 
component for many nanoscale 
devices that are needed for 
quantum computation and 
communications.

In a typical light-emitting 
device, laser light or an electric 
field creates pairs of electrons 
and holes known as excitons. 
Sometime later, the electron and 
hole recombine and the exciton 
annihilates. Depending on the 
symmetry of the exciton, annihi-
lation can result in the emission 
of light or not.

About half of the created 
excitons are bright, while 
the other half are dark and 
recombine without emitting 
light. Some dark excitons can 
become bright excitons and then 
emit light on annihilation. But 
carbon nanotubes tend to have 
low light-emitting efficiencies, 
mainly because dark excitons 
often recombine before they 
can turn into bright excitons 
(see image).

Now, Yuichiro Kato and two 
colleagues, all at the RIKEN 
Nanoscale Quantum Photonics 
Laboratory, have discovered that 
by tailoring the specifications 
of the nanotubes more than 
half of the dark excitons can 
be converted into bright ones, 
thereby greatly enhancing the 
light output of the nanotubes.

The researchers performed 
time-resolved luminescence 
measurements on a range of 
carbon nanotubes. By fitting 
the time-resolved luminescence 
traces with a model, they found 
that the conversion rate between 

dark and bright excitons depends 
on the length, diameter and 
chirality of the nanotubes. The 
trio estimated that in longer 
nanotubes, the conversion rate 
of dark to bright excitons was so 
high that more than half of the 
dark excitons contributed to the 
total luminescence.

“This shows that dark 
excitons can significantly affect 
the emission kinetics in low-
dimensional materials such as 
nanotubes,” says Kato. “They thus 
point to the potential of using 
surface interactions to engineer the 
dark-to-bright conversion process.”

The team now intends to 
explore the potential of harness-
ing this effect. “We are interested 
in using this efficient conver-
sion process to achieve carbon-
nanotube single-photon emitters 
that have better performance,”  
says Kato. 

EXCITONS

When the dark side of nanotubes is good
The high conversion of dark to bright excitons in long carbon nanotubes can lead to more efficient 
optoelectronic devices

Schematic drawing showing a dark exciton converting into a bright exciton before emitting light. Three RIKEN physicists have 
shown that the conversion rate of this process is higher in longer nanotubes.

Reference
1. Ishii, A., Machiya, H. 

& Kato, Y. K. High 
efficiency dark-to-bright 
exciton conversion 
in carbon nanotubes. 
Physical Review X 9,
041048 (2019). 
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R IKEN physicists have 
used Japan’s tallest tower 

and two ultraprecise clocks to 
measure the time dilation effect 
predicted by Einstein’s theory of 
general relativity. This measure-
ment demonstrates the power 
of transportable ultraprecise 
clocks, which could find applica-
tion in probing the structures of 
volcanoes.

Einstein hypothesized that the 
gravitational field of a massive 
object will warp space–time 
and cause time to run slower. 
Since the Earth’s gravitational 
field gets weaker the further 
you are from the center of the 
Earth, a clock at the bottom of 
a tall building should run ever 
so slightly slower than one at 
the top.

But because this difference is 
minuscule, stringent testing of 
the theory of relativity requires 
either extremely precise clocks or 
a large difference in altitude. The 
best measurements in the labora-
tory have involved large, complex 
clocks such as the optical lattice 
clocks developed by the RIKEN 
group, which can measure 
height differences of around a 
centimeter. Measurements using 
satellites whose altitudes differ 
by thousands of kilometers have 
attained an even higher accuracy.

Now, a team led by Hidetoshi 
Katori of the RIKEN Center 
for Advanced Photonics has 
developed transportable optical 
lattice clocks that could precisely 
test general relativity, but by 
using Tokyo Skytree rather than 
satellites. They placed one clock 
at the base of the tower and one 
on the observation deck, which 
is  meters above street level. 
The measurements validated 

Einstein’s theory to a precision 
comparable to the best space-
based measurements.

The ultimate purpose, 
however, was not to prove or 
disprove Einstein. “We wanted 
to demonstrate that we could 
conduct these accurate meas-
urements anywhere outside 
the laboratory, with transport-
able devices,” says Katori. 

“Ultraprecise clocks can dis-
tinguish small differences in 
altitude, allowing us to measure 
ground swelling in places such as 
active volcanoes or crustal defor-
mation, or to define the reference 
for height. This is the first step 
toward making ultraprecise 
clocks into real-world devices.”

The key was to miniatur-
ize the laboratory-sized clocks 
into transportable devices and 
to make them insensitive to 
environmental noise such as 
temperature changes, vibrations 
and electromagnetic fields. Each 
clock was enclosed in a magnetic-
shield box, around  centimeters 
on each side, while the various 
lasers and electronic controllers 

were housed in two rack-mount-
able boxes. The two clocks were 
connected by an optical fiber to 
measure the beat note.

The team plans to compare 
clocks hundreds of kilometers 
apart to monitor the long-term 
uplift and depression of the 
ground, a potential application of 
ultraprecise clocks. 

ATOMIC-LATTICE CLOCKS

Bringing space-based measurements down to earth
Two transportable clocks test relativity to an accuracy rivaling that of satellite-based measurements

The tallest tower in Japan, Tokyo Skytree looms over its surroundings. RIKEN physicists have used it and two transportable 
ultraprecise clocks to test the accuracy of Einstein’s theory of general relativity to a precision comparable to that obtained 
using satellites orbiting the Earth.

Reference
1. Takamoto, M., Ushijima, 

I., Ohmae, N., Yahagi, T., 
Kokado, K., Shinkai, H. & 
Katori, H. Test of general 
relativity by a pair of 
transportable optical lattice 
clocks. Nature Photonics
14, 411–415 (2020).

Learn more about 
the experiment 
and atomic clocks 
on page 32.
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THE TEST OF TIME
RIKEN researchers and their collaborators have developed two transportable hyper-
accurate clocks. By placing one in the Tokyo Skytree tower roughly 450m above ground 
and the other at ground level, the researchers were able to demonstrate Einstein’s theory 
of general relativity. This theory suggests that a warping of time-space caused by the 
gravity of a massive object, in this case Earth, causes time to run slightly more slowly 
close to the ground than high above it. While satellites have demonstrated this effect 
before, the new portable clocks may have other very practical uses (see A stitch in time).

IT TAKES TWO
The two miniaturized versions of laboratory-sized 
clocks (see above) were enclosed in a magnetic-
shield box to protect lattice-trapped atoms 
from environmental magnetic fields. They were 
connected by an optical fiber to measure the dif-
ference in tick rate between them. Scientists also 
independently evaluated the height difference 
between the clocks. 

A STITCH IN TIME
The slope of a volcanic mountain is 
often slightly lifted when magma fills 
the chamber beneath it. This makes 
an optical lattice clock placed on the 
outerside of a volcano tick measurably 
faster. Currently, volcanic activity is 
monitored using satellite systems and 
instruments that respond to ground 
motion, called seismometers. A 
network of local optical lattice clocks 
could provide additional information on 
the rate and level of volcanic activity. 

LASER PRECISION  
These hyper-accurate clocks are called  
optical lattice clocks. It would take more than the 
age of the Universe for one to become out by 
half a second. To measure time, strontium atoms 
released by a beam oven (1) are decelerated by a 
laser (2). The atoms are then cooled by different 
lasers (blue arrows, 3) and trapped in an optical 
lattice formed by two further lasers (red arrows, 
4). The atoms (blue dot) are transported (5) to 
a radiation shield (6), which protects the atoms 
from thermal radiation. Yet another laser excites 
transitions in the atoms (7). The frequency of 
these transitions is the ‘tick’ of the clock.

THE FINER DETAILS OF FUNDAMENTAL PHYSICS
This work is part of a new collaboration, the Max Planck-RIKEN-Physikalisch-Technische Bundesanstalt 
Center for Time, Constants and Fundamental Symmetries. Launched in 2019, the center supports scien-
tists working on leading questions in fundamental physics that require high-level precision, including work 
on the constancy over time of natural constants and subtle differences between matter and antimatter.

Tokyo 
Skytree 
lower deck, 
350m

Tokyo Skytree
634m

Atomic clock 1
Ground floor,
roughly 0m

Atomic clock 2
Tokyo Skytree 
upper deck, 
450m4
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Contrary to conventional 
belief, terahertz radiation 

can disrupt proteins in living 
cells, physicists at RIKEN have 
discovered. This finding raises 
both the possibility of using 
terahertz radiation to treat 
cancer and safety concerns 
regarding its use in other 
applications.

Terahertz electromagnetic 
radiation is more energetic than 
microwaves but less energetic 
than infrared light. Because it 
does not damage DNA in the 
same way that x-rays do, it is 
being explored for use in various 
applications including baggage 
inspection at airports.

While terahertz radiation 
has generally been considered 
safe for tissue, recent studies 
have found that it may directly 
affect DNA. But because it 
does not penetrate tissue much, 
this would only affect cells 
on the surface skin. However, 
it is not known whether 
terahertz radiation affects 
biological tissues even after it 
has been stopped, through the 
propagation of energy waves into 
the tissue.

Shota Yamazaki of the RIKEN 
Center for Advanced Photonics 
and co-workers recently 
discovered that the energy from 
visible light can enter water as a 
shockwave. The team decided to 
investigate whether terahertz light 
has a similar effect on tissue.

They investigated the effect of 
terahertz radiation on a protein 
called actin—a key element 
that provides structure to living 
cells. It can exist in two forms, 
globular and filamentous actin, 
which have different structures 
and functions. As their names 

suggest, globular actin is 
compact, whereas filamentous 
actin is made up of long 
protein chains.

Using fluorescence 
microscopy, the team found 
that terahertz radiation reduced 
the lengths of actin filaments 
growing in an aqueous solution 
of actin. This indicated that 
terahertz radiation was somehow 
preventing the globular actin 
from forming chains and 
becoming filamentous actin.

Since the temperature rise 
caused by the terahertz radiation 
was too small to induce this kind 
of change, the team concluded 

it was most likely caused by a 
shockwave. To test this, they 
performed experiments in 
living cells and found that the 
formation of actin filaments 
was also disrupted in the cells. 
However, there was no sign that 
the radiation caused cells to die.

“It was quite interesting 
for us to see that terahertz 
radiation can have an effect on 
proteins inside cells without 
killing the cells themselves,” 
says Shota Yamazaki. “We will 
be interested in looking for 
potential applications in cancer 
and other diseases. Terahertz 
radiation is coming into a 

variety of applications today, 
and it is important to come to a 
full understanding of its effect 
on biological tissues, both to 
gauge any risks and to look for 
potential applications.” 

TERAHERTZ RADIATION

Radiation hinders protein filaments from forming
Terahertz radiation turns out to be more disruptive to living cells than previously thought

Immunofluorescence light micrograph of pulmonary endothelial cells in the lungs. Actin filaments, which are major 
components of the cytoskeleton, are gray. RIKEN researchers have shown that terahertz radiation can prevent globular actin 
from forming chains and becoming filamentous actin in living cells.

Reference
1. Yamazaki, S., Harata, M., 

Ueno, Y., Tsubouchi, M., 
Konagaya, K., Ogawa, Y., 
Isoyama, G., Otani, C. & 
Hoshina, H. Propagation 
of THz irradiation energy 
through aqueous layers: 
Demolition of actin filaments 
in living cells. Scientific 
Reports 10, 9008 (2020).
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THE TEST OF TIME
RIKEN researchers and their collaborators have developed two transportable hyper-
accurate clocks. By placing one in the Tokyo Skytree tower roughly 450m above ground 
and the other at ground level, the researchers were able to demonstrate Einstein’s theory 
of general relativity. This theory suggests that a warping of time-space caused by the 
gravity of a massive object, in this case Earth, causes time to run slightly more slowly 
close to the ground than high above it. While satellites have demonstrated this effect 
before, the new portable clocks may have other very practical uses (see A stitch in time).

IT TAKES TWO
The two miniaturized versions of laboratory-sized 
clocks (see above) were enclosed in a magnetic-
shield box to protect lattice-trapped atoms 
from environmental magnetic fields. They were 
connected by an optical fiber to measure the dif-
ference in tick rate between them. Scientists also 
independently evaluated the height difference 
between the clocks. 

A STITCH IN TIME
The slope of a volcanic mountain is 
often slightly lifted when magma fills 
the chamber beneath it. This makes 
an optical lattice clock placed on the 
outerside of a volcano tick measurably 
faster. Currently, volcanic activity is 
monitored using satellite systems and 
instruments that respond to ground 
motion, called seismometers. A 
network of local optical lattice clocks 
could provide additional information on 
the rate and level of volcanic activity. 

LASER PRECISION  
These hyper-accurate clocks are called  
optical lattice clocks. It would take more than the 
age of the Universe for one to become out by 
half a second. To measure time, strontium atoms 
released by a beam oven (1) are decelerated by a 
laser (2). The atoms are then cooled by different 
lasers (blue arrows, 3) and trapped in an optical 
lattice formed by two further lasers (red arrows, 
4). The atoms (blue dot) are transported (5) to 
a radiation shield (6), which protects the atoms 
from thermal radiation. Yet another laser excites 
transitions in the atoms (7). The frequency of 
these transitions is the ‘tick’ of the clock.

THE FINER DETAILS OF FUNDAMENTAL PHYSICS
This work is part of a new collaboration, the Max Planck-RIKEN-Physikalisch-Technische Bundesanstalt 
Center for Time, Constants and Fundamental Symmetries. Launched in 2019, the center supports scien-
tists working on leading questions in fundamental physics that require high-level precision, including work 
on the constancy over time of natural constants and subtle differences between matter and antimatter.
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Contrary to conventional 
belief, terahertz radiation 

can disrupt proteins in living 
cells, physicists at RIKEN have 
discovered. This finding raises 
both the possibility of using 
terahertz radiation to treat 
cancer and safety concerns 
regarding its use in other 
applications.

Terahertz electromagnetic 
radiation is more energetic than 
microwaves but less energetic 
than infrared light. Because it 
does not damage DNA in the 
same way that x-rays do, it is 
being explored for use in various 
applications including baggage 
inspection at airports.

While terahertz radiation 
has generally been considered 
safe for tissue, recent studies 
have found that it may directly 
affect DNA. But because it 
does not penetrate tissue much, 
this would only affect cells 
on the surface skin. However, 
it is not known whether 
terahertz radiation affects 
biological tissues even after it 
has been stopped, through the 
propagation of energy waves into 
the tissue.

Shota Yamazaki of the RIKEN 
Center for Advanced Photonics 
and co-workers recently 
discovered that the energy from 
visible light can enter water as a 
shockwave. The team decided to 
investigate whether terahertz light 
has a similar effect on tissue.

They investigated the effect of 
terahertz radiation on a protein 
called actin—a key element 
that provides structure to living 
cells. It can exist in two forms, 
globular and filamentous actin, 
which have different structures 
and functions. As their names 

suggest, globular actin is 
compact, whereas filamentous 
actin is made up of long 
protein chains.

Using fluorescence 
microscopy, the team found 
that terahertz radiation reduced 
the lengths of actin filaments 
growing in an aqueous solution 
of actin. This indicated that 
terahertz radiation was somehow 
preventing the globular actin 
from forming chains and 
becoming filamentous actin.

Since the temperature rise 
caused by the terahertz radiation 
was too small to induce this kind 
of change, the team concluded 

it was most likely caused by a 
shockwave. To test this, they 
performed experiments in 
living cells and found that the 
formation of actin filaments 
was also disrupted in the cells. 
However, there was no sign that 
the radiation caused cells to die.

“It was quite interesting 
for us to see that terahertz 
radiation can have an effect on 
proteins inside cells without 
killing the cells themselves,” 
says Shota Yamazaki. “We will 
be interested in looking for 
potential applications in cancer 
and other diseases. Terahertz 
radiation is coming into a 

variety of applications today, 
and it is important to come to a 
full understanding of its effect 
on biological tissues, both to 
gauge any risks and to look for 
potential applications.” 

TERAHERTZ RADIATION

Radiation hinders protein filaments from forming
Terahertz radiation turns out to be more disruptive to living cells than previously thought

Immunofluorescence light micrograph of pulmonary endothelial cells in the lungs. Actin filaments, which are major 
components of the cytoskeleton, are gray. RIKEN researchers have shown that terahertz radiation can prevent globular actin 
from forming chains and becoming filamentous actin in living cells.
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A versatile probe that can 
detect with pinpoint 

accuracy the programmed 
destruction of defective mito-
chondria—the powerhouses of 
cells—has been developed by 
RIKEN researchers. They used it 
to show that damaged mitochon-
dria in dopamine-producing 
neurons fail to be destroyed in 
mice with a condition resem-
bling Parkinson’s disease.

Mitochondria are organelles 
that generate most of the chemical 
energy our cells need to function. 
But when cells are stressed, mito-
chondria can malfunction and 
produce highly reactive oxygen 
radicals, which damage cells. 
Thus, cells routinely weed out and 
destroy defective mitochondria 
by assigning them to lysosomes, 
which function as the waste-
disposal system of cells, breaking 
down unwanted components.

If this selective elimination of 
dysfunctional mitochondria—
known as mitophagy—fails, 
it can lead to various diseases. 
There is thus much interest in 
monitoring mitophagy in cells.

Fluorescent probes have 
been developed that can detect 
mitophagy. But some can only be 
used in living cells, while others 
are vulnerable to destructive 
processes that do not involve 
lysosomes.

Now, Atsushi Miyawaki of the 
RIKEN Center for Brain Science 
and co-workers have developed 
a new fluorescent probe that can 
be used in both living and fixed 
cells and is highlighted specifi-
cally in lysosomes.

Their probe contains two 
parts: one that can withstand 
the enzymes in the lysosome 
and another that is destroyed 

by them. Thus, by monitoring 
the color of the probe’s fluo-
rescence, the researchers could 
detect when a mitochondrion 
had entered a lysosome. Unlike 
their previous mitophagy probe, 
the new probe is sensitive to the 
degrading enzymes in lysosomes 
and acidity, so it works even in 
fixed cells where lysosomes are 
no longer acidic.

The team used the probe 
to investigate Parkinson’s 
disease—a neurodegenerative 
disease that causes shaking, 
muscle stiffness and progressive 
difficulties with movement.

Using a mouse model of 
Parkinson’s disease, the research-
ers found that neurons that 
produced the neurotransmitter 

dopamine failed to eliminate 
defective mitochondria, but other 
neurons that did not produce 
dopamine did. Since Parkinson’s 
disease is characterized by a 
dopamine deficiency in the brain, 
this suggests that the inability of 
dopamine-producing neurons to 
perform mitophagy could be a 
major factor in the disease.

By collaborating with research-
ers from the pharmaceutical 
company Takeda, Miyawaki’s 
team identified a compound 
that can induce the destruction 
of damaged mitochondria. Such 
compounds could help to treat 
Parkinson’s disease in the future.

The probe is promising for 
advancing research into other 
diseases. “Since many other 

neurodegenerative disorders 
involve mitophagy, our probe 
can contribute to their study,” 
says Miyawaki. “Furthermore, 
diseases in other organs involve 
oxidative stress and hence 
mitophagy. We’re currently 
using our probe to look at heart 
disease.” 

MITOPHAGY

Detecting the death of decrepit mitochondria
A probe that works in both live and fixed cells can give key insights into neurodegenerative disorders

Colored transmission electron micrograph of a single mitochondrion in a human pancreas cell. RIKEN researchers have 
developed a fluorescent probe that can detect the programmed death of defective mitochondria in the lysosomes.
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A way to reliably produce 
x-ray pulses that are 

both incredibly short and 
have high energies has been 
demonstrated by physicists 
at RIKEN. This will allow 
researchers to investigate ultra-
short phenomena that involve 
multiple photons.

It is hard to appreciate how 
short an attosecond is. Each 
second is made up of a quin-
tillion () attoseconds; the 
equivalent number of seconds 
would be more than twice the 
current age of the Universe. Light 
can travel from the Earth to the 
Moon in about . seconds, but 
it covers a mere . nanometers 
in an attosecond.

When scientists produced 
laser pulses on the timescale of 
several hundred attoseconds in 
, they opened up new vistas 
to researchers. In particular, it 
became possible to probe and 
control the motion of electrons 
in molecules.

Pulse durations have dropped 
to a few tens of attoseconds 
today, but one limitation is that 
the pulses have low energies. 
Producing more-energetic 
attosecond pulses will allow 
researchers to explore nonlinear 
phenomena that involve two or 
more photons.

Now, Eiji Takahashi of the 
RIKEN Center for Advanced 
Photonics and his co-workers 
have produced high-energy 
pulses in the attosecond regime.

“To the best of our knowledge, 
the combination of the 
-nanojoule energy and 
-attosecond duration of our 
isolated attosecond pulses rep-
resents a new record for studies 
using synthesizers or other 

techniques. Moreover, despite 
being an attosecond pulse, its 
peak power exceeds a gigawatt,” 
says Takahashi.

The team produced these 
pulses by combining, or synthe-
sizing, three pulses with wave-
lengths ranging from red light 
to infrared light. Importantly, 
they were able to achieve precise 
control over the timing and shape 
of these pulses, allowing the team 
to both optimize and accurately 
reproduce them. The researchers 
then used the combined pulse 
to produce an attosecond pulse 
using a nonlinear process known 
as high-order harmonic genera-
tion in argon gas.

To realize the stability they 
needed, the team developed 
a stabilized, high-energy 
amplifier for driving their 
synthesizer. This high-energy 
laser amplifier stretches a pulse 
in duration, amplifies it, and 
then compresses it with actively 
stabilizing carrier-envelope 
phases. “The development of 
this amplifier was one of the 
key achievements in this study,” 
says Takahashi.

The team anticipates that their 
method will accelerate research 
in the attosecond regime. In 
particular, it will be useful for 
probing electrons using atto-
second spectroscopy. “We’re 

convinced our method will pave 
the way to realize nonlinear atto-
second-science experiments in 
the near future,” says Takahashi. 
“This will certainly catalyze 
research on ultrafast phenomena 
and nonlinear optics.” 

ATTOSECOND SCIENCE

Pulses that are short on time, but high on energy
Ultrashort, energetic pulses can now be generated by combining three highly controlled pulses

In a fluorescence microscopy experiment (shown here), white light is split into its component colors. RIKEN scientists 
have done the reverse—they have combined three laser pulses of different wavelengths using a high-energy waveform 
synthesizer to generate high-energy pulses in the attosecond regime.

Reference
1. Xue, B., Tamaru, Y., Fu, Y., 

Yuan, H., Lan, P., Mücke, O. 
D., Suda, A., Midorikawa, 
K. & Takahashi, E. J. Fully 
stabilized multi-TW optical 
waveform synthesizer: 
Toward gigawatt isolated 
attosecond pulses. Science 
Advances 6, eaay2802 
(2020).

68



RESEARCH HIGHLIGHTS

WINTER 2020 15

©
 K

.R
. P

O
RT

ER
/S

C
IE

N
C

E 
PH

O
TO

 L
IB

RA
RY

A versatile probe that can 
detect with pinpoint 

accuracy the programmed 
destruction of defective mito-
chondria—the powerhouses of 
cells—has been developed by 
RIKEN researchers. They used it 
to show that damaged mitochon-
dria in dopamine-producing 
neurons fail to be destroyed in 
mice with a condition resem-
bling Parkinson’s disease.

Mitochondria are organelles 
that generate most of the chemical 
energy our cells need to function. 
But when cells are stressed, mito-
chondria can malfunction and 
produce highly reactive oxygen 
radicals, which damage cells. 
Thus, cells routinely weed out and 
destroy defective mitochondria 
by assigning them to lysosomes, 
which function as the waste-
disposal system of cells, breaking 
down unwanted components.

If this selective elimination of 
dysfunctional mitochondria—
known as mitophagy—fails, 
it can lead to various diseases. 
There is thus much interest in 
monitoring mitophagy in cells.

Fluorescent probes have 
been developed that can detect 
mitophagy. But some can only be 
used in living cells, while others 
are vulnerable to destructive 
processes that do not involve 
lysosomes.

Now, Atsushi Miyawaki of the 
RIKEN Center for Brain Science 
and co-workers have developed 
a new fluorescent probe that can 
be used in both living and fixed 
cells and is highlighted specifi-
cally in lysosomes.

Their probe contains two 
parts: one that can withstand 
the enzymes in the lysosome 
and another that is destroyed 

by them. Thus, by monitoring 
the color of the probe’s fluo-
rescence, the researchers could 
detect when a mitochondrion 
had entered a lysosome. Unlike 
their previous mitophagy probe, 
the new probe is sensitive to the 
degrading enzymes in lysosomes 
and acidity, so it works even in 
fixed cells where lysosomes are 
no longer acidic.

The team used the probe 
to investigate Parkinson’s 
disease—a neurodegenerative 
disease that causes shaking, 
muscle stiffness and progressive 
difficulties with movement.

Using a mouse model of 
Parkinson’s disease, the research-
ers found that neurons that 
produced the neurotransmitter 

dopamine failed to eliminate 
defective mitochondria, but other 
neurons that did not produce 
dopamine did. Since Parkinson’s 
disease is characterized by a 
dopamine deficiency in the brain, 
this suggests that the inability of 
dopamine-producing neurons to 
perform mitophagy could be a 
major factor in the disease.

By collaborating with research-
ers from the pharmaceutical 
company Takeda, Miyawaki’s 
team identified a compound 
that can induce the destruction 
of damaged mitochondria. Such 
compounds could help to treat 
Parkinson’s disease in the future.

The probe is promising for 
advancing research into other 
diseases. “Since many other 

neurodegenerative disorders 
involve mitophagy, our probe 
can contribute to their study,” 
says Miyawaki. “Furthermore, 
diseases in other organs involve 
oxidative stress and hence 
mitophagy. We’re currently 
using our probe to look at heart 
disease.” 

MITOPHAGY

Detecting the death of decrepit mitochondria
A probe that works in both live and fixed cells can give key insights into neurodegenerative disorders

Colored transmission electron micrograph of a single mitochondrion in a human pancreas cell. RIKEN researchers have 
developed a fluorescent probe that can detect the programmed death of defective mitochondria in the lysosomes.
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A way to reliably produce 
x-ray pulses that are 

both incredibly short and 
have high energies has been 
demonstrated by physicists 
at RIKEN. This will allow 
researchers to investigate ultra-
short phenomena that involve 
multiple photons.

It is hard to appreciate how 
short an attosecond is. Each 
second is made up of a quin-
tillion () attoseconds; the 
equivalent number of seconds 
would be more than twice the 
current age of the Universe. Light 
can travel from the Earth to the 
Moon in about . seconds, but 
it covers a mere . nanometers 
in an attosecond.

When scientists produced 
laser pulses on the timescale of 
several hundred attoseconds in 
, they opened up new vistas 
to researchers. In particular, it 
became possible to probe and 
control the motion of electrons 
in molecules.

Pulse durations have dropped 
to a few tens of attoseconds 
today, but one limitation is that 
the pulses have low energies. 
Producing more-energetic 
attosecond pulses will allow 
researchers to explore nonlinear 
phenomena that involve two or 
more photons.

Now, Eiji Takahashi of the 
RIKEN Center for Advanced 
Photonics and his co-workers 
have produced high-energy 
pulses in the attosecond regime.

“To the best of our knowledge, 
the combination of the 
-nanojoule energy and 
-attosecond duration of our 
isolated attosecond pulses rep-
resents a new record for studies 
using synthesizers or other 

techniques. Moreover, despite 
being an attosecond pulse, its 
peak power exceeds a gigawatt,” 
says Takahashi.

The team produced these 
pulses by combining, or synthe-
sizing, three pulses with wave-
lengths ranging from red light 
to infrared light. Importantly, 
they were able to achieve precise 
control over the timing and shape 
of these pulses, allowing the team 
to both optimize and accurately 
reproduce them. The researchers 
then used the combined pulse 
to produce an attosecond pulse 
using a nonlinear process known 
as high-order harmonic genera-
tion in argon gas.

To realize the stability they 
needed, the team developed 
a stabilized, high-energy 
amplifier for driving their 
synthesizer. This high-energy 
laser amplifier stretches a pulse 
in duration, amplifies it, and 
then compresses it with actively 
stabilizing carrier-envelope 
phases. “The development of 
this amplifier was one of the 
key achievements in this study,” 
says Takahashi.

The team anticipates that their 
method will accelerate research 
in the attosecond regime. In 
particular, it will be useful for 
probing electrons using atto-
second spectroscopy. “We’re 

convinced our method will pave 
the way to realize nonlinear atto-
second-science experiments in 
the near future,” says Takahashi. 
“This will certainly catalyze 
research on ultrafast phenomena 
and nonlinear optics.” 

ATTOSECOND SCIENCE

Pulses that are short on time, but high on energy
Ultrashort, energetic pulses can now be generated by combining three highly controlled pulses

In a fluorescence microscopy experiment (shown here), white light is split into its component colors. RIKEN scientists 
have done the reverse—they have combined three laser pulses of different wavelengths using a high-energy waveform 
synthesizer to generate high-energy pulses in the attosecond regime.
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