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 ��������������������� /  
Outline of two projects 

�

Fundamental Principles Underlying the Hierarchy of Matter: 
A Comprehensive Experimental Study / ������ 

 
• Outline of the Project 

This five-year project lead by Dr. R. Kato is the collaborative effort of eight laboratories, in which we 
treat the hierarchy of matter from hadrons to biomolecules with three underlying and interconnected key 
concepts: interaction, excitation, and heterogeneity. The project consists of experimental research conducted 
using cutting-edge technologies, including lasers, signal processing and data acquisition, and particle beams 
at RIKEN RI Beam Factory (RIBF) and RIKEN Rutherford Appleton Laboratory (RAL). 

 
• Physical and chemical views of matter lead to major discoveries 

Although this project is based on the physics and chemistry of non-living systems, we constantly keep all 
types of matter, including living matter, in our mind. The importance of analyzing matter from physical and 
chemical points of view was demonstrated in the case of DNA. The Watson-Crick model of DNA was 
developed based on the X-ray diffraction, which is a physical measurement. The key feature of this model is 
the hydrogen bonding that occurs between DNA base pairs. Watson and Crick learned about hydrogen 
bonding in the renowned book “The Nature of the Chemical Bond,” written by their competitor, L. Pauling, 
who was a leading authority on chemical bonding. This important lesson in history teaches us that viewing 
matter from physical and chemical perspectives can lead to dramatic advances in science. 
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• Hierarchy of Matter: Universality vs. Diversity 
We believe that the behavior of matter, including biological systems, can be understood through physical 

laws. P. Dirac, a great physicist, stated this universality as follows: “once we know the underlying physical 
laws, the rest is chemistry.” On the other hand, P. W. Anderson, another great physicist, claimed that the 
interactions among multiple components in complex systems create entirely new properties in each layer of 
the hierarchy, with his famous phrase “More is different”. This means that the science governing each layer 
is different, and it is not until we understand this diversity that we understand the universal principles 
completely. Therefore, we have selected “interaction” as the first key concept of this project. In addition, we 
selected “excitation” and “heterogeneity” as the other important key concepts to understand diversity in the 
hierarchy.  

• Three Key Concepts: Interaction, Excitation, and Heterogeneity 
The importance of these three key concepts is well illustrated by the photochemical reaction system, 

involved in photosynthesis. First, the photosynthesis proceeds in the thylakoid membrane, which has a 
heterogeneous structure. This heterogeneity is essential for the emergence of the functionality of the 
membrane. Excitation by light is the most important step in photosynthesis. Finally, important processes, 
including electron transport and ATP synthesis, are controlled by various interactions.  

• Three Key Concepts and Sub-projects 
The three key concepts are associated with three sub-projects: “Interaction in matter” lead by Dr. Ueno, 
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“Excitation in matter” lead by Dr. Azuma, and “Heterogeneity in matter” lead by Dr. Kim. As mentioned, 
the “Interaction” sub-project is the core of this project. To comprehensively understand the nature of 
interactions that take place in each layer, it is essential to collaborate with theory groups. The knowledge 
obtained by the “Interaction” sub-group will be applied toward the basic science of excitation. The 
“Interaction” sub-project investigates the ground state of systems, and the “Excitation” sub-project focuses 
on the excited states of systems. The results obtained by these two sub-projects will be expanded towards the 
development of functional materials by the “Heterogeneity” sub-group. A unique point of this project is that 
almost all members participate in more than two sub-projects, which enhances comprehensive understanding 
of these concepts. 

 
• Interaction in Matter 

The “Interaction” sub-group investigates the diversity of phenomena caused by interactions that occur in 
each level in the hierarchy of matter. The strong interaction and the electromagnetic interaction give rise to a 
variety of phenomena depending on many-body effects, geometry, dimensionality, external conditions and 
so on. The interactions studied by each team range from the strong interaction between quarks to the van der 
Waals interaction between single-stranded DNA molecules, with a focus on how interactions in systems with 
multiple degrees of freedom lead to a diversity of phenomena. This means that many-body effects and 
multiple degrees of freedom are key issues in every layer of the hierarchy.  
 
• Excitation in Matter 

Excitation is a key step for the emergence of functionality, but knowledge on this topic is surprisingly 
limited. Thus, in this sub-group, we carry out three types of research on excitation, “Exploration of 
undetected excited states” in deformed nuclei, “Verification of fundamental principles through excited states” 
in kaonic nuclei, and “Observation of excited state dynamics” in excited molecules in liquids, on surfaces, 
and in vacuum. We study excitation over a wide range of energies, sizes, and time scales. At the same time, 
we study universality as indicated by the large-scale deformations observed in both excited-state nuclei and 
proteins. 
 
• Heterogeneity in Matter 

Heterogeneity is an important spatial property for the emergence of functionality as well as a challenging 
research target that drives the development of cutting-edge measurement technologies. This sub-group will 
apply the results of the “Interaction” and “Excitation” sub-groups toward the development of functional 
materials. In this sense, the “Heterogeneity” sub-group is closely tied to practical applications. The main 
topics investigated are superconducting doped diamond (as “Heterogeneity by Atomic Scale Doping”), 
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electrical double layers in the field effect transistors (as “Heterogeneity at Molecular Interfaces”), and lipid 
membranes in solution (as “Heterogeneity in Biological Systems”), which are tackled through a wide range 
of collaborations.  
 
• Goal of the Project 

The most important goal of the project is the construction of a new cross-disciplinary research network 
based on the bottom-up style research activities at RIKEN, which will drive a dramatic evolution of science 
and lead to unpredictable by-products. This network includes ExpRes Dojo where we share, learn, and report 
information on cutting-edge experimental technologies, primarily laser and signal processing and data 
acquisition technologies. This consists of school-type meetings and workshops. An important output of the 
ExpRes Dojo is the application of new technologies developed thorough the physics and chemistry research 
to biological systems. At the same time, we nurture young researchers with wider and deeper views of matter. 
We believe that the scientific community is one where innovative discoveries are frequently achieved by 
newcomers in different research fields. The present project will maintain the diversity of science at RIKEN 
and ensure an environment in which young researchers with high ambitions can easily cross over the 
boundaries between disciplines. 
 
 

Heterogeneity at Materials Interfaces / ����� 

 
• Reorganization of the Project 

The proposal “Fundamental Principles Underlying the Hierarchy of Matter: A Comprehensive 
Experimental Study” ����
	��(Lead Researcher: Dr. R. Kato) was highly evaluated and launched in 
2017. Unfortunately, however, the budget was heavily reduced and thus we had to start the project with 
“Interaction” and “Excitation” subgroups in the reduced form and removed the “Heterogeneity” group. In 
order to recover the original purpose, we proposed a new five-year pioneering project “Heterogeneity at 
Materials Interfaces” ������lead by Dr. Y. Kim. This new proposal was also highly evaluated and 
launched in 2018. As a result, we have realized the original proposal in the form of two pioneering projects. 
Because they share the same scientific concept, they are managed in association with each other. 

 
• Outline of the Project 

The heterogeneity at the interface between two different materials plays pivotal roles in transport of 
charge, matter, and energy across the interfaces, chemical reactions and interactions, functions of materials 
and devices, and biological activities in living systems. However, it is still far from the detailed description 
of them mainly due to the structural and phenomenal complexity at the interfaces. It is, thus, a great 
scientific challenge to investigate the heterogeneity at interfaces, and it eventually appears to be of profound 
importance for our future society to understand the processes occurring at the interfaces and to make wise 
and practical use of them. This project aims at understanding and controlling structures and functions 
originated in heterogeneity at a variety of interfaces that encompass (A) interaction of a single dopant with 
surroundings in solid and liquid materials, (B) structures, functions and reactions of molecular interfaces and 
(C) development of new functional devices by controlling interface charge carries, by corresponding three 
sub-projects. Scientists of world-leading laboratories (Chief Scientist Laboratories) and a top-level research 
infrastructure (Nishina Center for Accelerator-Based Science) in RIKEN put together their research 
competences to accomplish the mission. Total of eight research groups participating in this project cover a 
wide range of research fields such as physics, chemistry, biotechnology, and engineering. This project is also 
characterized by its novel organization where the various research fields are intertwined in each sub-project, 
which provides a large synergistic effect.� We also tackle fundamental scientific issues closely related to the 
functional expression of interfaces in materials systems in a complementary way with other pioneering 
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project, “Fundamental Principles Underlying the Hierarchy of Matter: A Comprehensive Experimental 
Study”. All these activities will enable us to develop cutting-edge measurement and device technology, to 
apply the discovered functions to practical use, and to nurture young researchers with the skills and abilities 
required to ensure the future success in the field of materials science. 

 
• Sub-projects and Missions  

(A) Heterogeneity at atomic-scale interface (lead by Dr. Ueno) 
At atomic-scale interfaces, isolated impurities are introduced to solid (single-crystal diamond) and to 

liquid (He II) to understand the quantum-level interactions between each dopant with surrounding atoms. We 
challenge to realize superconducting diamond by high-concentration doping of nitrogen (n-type) for the first 
time, although superconductivity of boron-doped (p-type) diamond has been reported. It is still unknown 
how the quantum interaction occurs among the dopants and surrounding atoms to evolve unprecedent 
phenomena, which is a crucial issue to understand and utilize heterogeneity at atomic-scale interfaces in 
matters.  

(B) Heterogeneity at molecular interface (lead by Dr. Tahara) 
At molecular interfaces, our knowledge and ability to control the molecular interfaces at the 

molecular-level are very immature, compared to those for the molecules in the bulk, although the molecular 
interfaces play essential roles in various phenomena such as wetting, adhesion, biocompatibility, tribology, 
electrical properties as well as complex reactions in living things. Therefore, a concerted spectroscopic and 
microscopic study is highly desired for elucidating structural and functions of molecular interfaces.  

(C) Heterogeneity at device interface (lead by Dr. Kim) 
At device interfaces, the heterogeneity of electric field at the electrode interface largely influences on the 

various kinds of charge carrier dynamics, such as electron/hole injection, trapping, recombination and 
transport, which play a central role in device performance. We will evolve novel functions of organic 
transistor devices, such as superconductivity and light emission, by controlling charge carriers at the 
interface between electrodes and materials, based on the atomic/molecular-level understanding of charge 
carrier distribution and dynamics at the device interface.  
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�����	
 / Research System 
 
Eight groups in RIKEN (from CPR and RNC) join two projects. In addition, we are in collaboration with 

four research groups outside RIKEN (from Univ. of Hyogo, TIT, IMS, and Osaka Univ.). Almost all 
members participate in more than two sub-projects that are classified by the research category number in this 
activity report as follows:   

 

	 ������� ������

Category 1 2 3 4 5 

M.	Iwasaki � � �   

H.	Ueno � � �   

T.	Azuma � � �   

Y.	Kim � � � � � 

R.	Kato	  �  �  � 

T.	Tahara  � � �  

M.	Maeda �   �  

Y.	Kato	 	 	  	 � 

Y.	Shiro* � �  �  

M.	Fujii*	 �	 	  	  

H.	Yamamoto*	 	 	  	 � 

H.	Noumi*	 	 �	  	  

  * outside RIKEN� � �	 Sub-project leader	

 

Research category (Sub-group) 
���
	� 1. Interaction in matter  

    2. Excitation in matter 
���� 3. Atomic-scale interfaces 

    4. Molecular interfaces 
    5. Device interfaces 
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9;:�/(�)*�! / Major research achievements  
( Research Category in [ ] ) 

 
$26��%�

 
1. “!!!!”, a K-meson nuclear bound state, observed in He 

! (!!, Λ!)n reactions [1] 
ʕ He 

! (!!, Λ!)n Îľ�(+ K|ɲāŵǻÍāżƵŁ “!!!!” �ǆȦʖ 
M. Iwasaki, T. Yamaga, F. Sakuma, H. Noumi, Y. Ma, H. Asano, and for the J-PARC E15 
Collaboration, Phys. Let. B, 789, 620 (2019) 

 
2. RICE: Riken Cryogenic Electrostatic ion storage ring [1,2] 

ʕRICE:ƻǒƄ�ƥʀɿë38tșǡpt>ʖ 
Y. Nakano, Y. Enomoto, T. Masunaga, S. Menk, P. Bertier and T. Azuma, 
Rev. Sci. Instrum. 88, 033110 (2017) 

 
3. Temporal Mapping of Electrophilic Photochemical Reactions and Excitonic Processes with Carbon 

Specificity [1] 
ʕƕɿǈ�¦ÃąÎľ�ƯǰƴǃĿ��+¾Ɇəǟ�Ŧɲ±ȩʖ 
K. Wang, P. Murahari, K. Yokoyama, J.S. Lord, F.L. Pratt, J. He, L Schulz, M Willis, J.E. Anthony, 
N.A. Morley, L. Nuccio, A. Misquitta, D.J. Dunstan, K. Shimomura, I. Watanabe, S Zhang, P. 
Heathcote, and A.J. Drew, Nature Materials 16, 467–473� (2017).  

 
4. Atomic-scale visualization of the stepwise cycloaddition reaction pathways by intermolecular 

interaction on a metal surface [1, 4] 
ʕɨėȟʂy�
�+±āɲǊ��ƾ�(+ƼÃ�¼Îľǵɉ�ÒȧÃʖ 
C. Zhang, E. Kazuma, and Y. Kim, Angew. Chem. Int. Ed., 58, 17736-17744 (2019) 

 
5. Discovery of on-surface evolution of meso-isomerism in 2D supramolecular assemblies [1, 4] 

ʕ�ƈ£ɇ±āɼÖ��
�+iIǃĿ�ȟʂɗÃ�ǆȦʖ 
J. Park, J.-H. Kim, S. Bak, K. Tahara, J. Jung, M. Kawai, Y. Tobe, and Y. Kim,  
Angew. Chem. Int. Ed., 58, 9611-9618 (2019). 
 

6. Synthesis of centimeter-scale and highly crystalline 2D alcohol at a graphene [1, 4] 
ʕ>o]5t�
�+HtMivRqF?vq�ʒǶŨĿ.ů�+�ƈ£1qAvq�ÖŃʖ 
H. Lim, Y. Park, M. Lee, J.-G. Ahn, B.-W. Li, Da Luo, J. Jung, R. Ruoff, and Y. Kim, Nano Lett., 20, 
2107-2112 (2020). 

 
7. Discovery of the Dirac electron system in a single-component molecular conductor [1] 

ʕÉwŃ±±āĿĕ��
�+Q2oN=ɿāǮ�ǆȦʖ 
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R. Kato, H. B. Cui, T. Tsumuraya, T. Miyazaki, and Y. Suzumura, J. Am. Chem. Soc., 139, 1770 
(2017) 

 
8. Discovery of an interplay between spin, charge, lattice and orbital in molecular quantum spin liquid [1] 

ʕ±āĿɧāF\tƢ��
�+F\tuɿȖuŽāuɊɚ�ɖÀĿ�ȩŤʖ 
T. Yamamoto, T. Fujimoto, T. Naito, Y. Nakazawa, M. Tamura, K. Yakushi, Y. Ikemoto, T. Moriwaki, 
and R. Kato, Scientific Reports, 7, 12930 (2017) 

 
9. Discovery of intramolecular fragmentation of magnetic moments near quantum spin liquid [1] 

ʕɧāF\tƢ�Ǌɏ ��ǓƒjvitR�±ā«±Ƞ�ǆȦʖ 
S. Fujiyama and R. Kato, Phys. Rev. Lett., 122, 147204 (2019)  

 
10. Molecular Recognition by a Short Partial Peptide of the Adrenergic Receptor: A Bottom-Up Approach 

[1, 4] 
ʕ1SrTptÐĎ��ǐ�ɠ±b_MS�(+±āȱȺʞdRh1N_1_svMʖ 
T. Sekiguchi, M. Tamura, H. Oba, P. Çarçarbal, R. R. Lozada-Garcia, A. Zehnacker-Rentien, G. 
Grégoire, S. Ishiuchi, M. Fujii, Angew. Chem. Int. Ed. 57, 5626 (2018). (Journal Cover) [1,4] 

 
11. Can the Partial Peptide SIVSF of the β2-Adrenergic Receptor Recognize Chirality of the Epinephrine 

Neurotransmitter? [1, 4] 
ʕβʚ―1SrTptÐĎ��ɠ±b_MS SIVSF�1SrTptʕ6\V]ptʖ�;op
P2.ȱȺ�+�ʖ 
M. Tamura, T. Sekiguchi, S. Ishiuchi, A. Zehnacker-Rentien, M. Fujii, J. Phys. Chem. Lett. 10,  
2470 (2019). (Journal Cover) 

 
12. Alkali and alkaline earth metal ions complexes with a partial peptide of the selectivity filter in K+ 

channels studied by a cold ion trap infrared spectroscopy [1, 4] 
ʕÌ38tRoN_Ʉö±¦Ɨ�(+1q9pɨė
(!1q9pèʌɨė�9p4h3

8tMkVqɛŋ]2qKv�ɠ±b_MS��ɬ��ǒǢʖ 
R. Otsuka, K. Hirata, Y. Sasaki, J. M. Lisy, S. Ishiuchi, M. Fujii, ChemPhysChem in press,  
DOI: 10.1002/cphc.202000033 (Journal Cover) 

 
13. Interaction of Proteins with Other Molecules Regulates Biological Functions: Nitric Oxide Reductase 

[1] 
ʕKtZ=ɃǊ��ƾ�(+ƽƻǈƇȇ�¶ĺʞȈǤǮɣǰȁʖ 
E. Terasaka, K. Yamada, P.-H. Wang, K. Hosokawa, R. Yamagiwa, K. Matsumoto, S. Ishii, T. Mori,  
K. Yagi, H. Sawai, H. Arai, H. Sugimoto, Y. Sugita, Y. Shiro, T. Tosha 
Proc. Natl. Acad. Sci. USA 114, 9888-9893 (2017) 

 
14. Interaction of Proteins with Other Molecules Regulates Biological Functions: Oxygen Sensor System 

[1] 
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ʕKtZ=ɃǊ��ƾ�(+ƽƻǈƇȇ�¶ĺʞɤǰHtBvDFPhʖ 
G. S. A. Wright, A. Saeki, T. Hikima, Y. Nishizono, T. Hisano, M. Kamaya, K. Nukina, H. Nishitani, H. 
Nakamura, M. Yamamoto, S. V. Antonyuk, S. S. Hasnain, Y. Shiro, H. Sawai 
Sci. Signal. 11, aaq0825 (2018) 

 
15. Development of a method for directed assembly of nanoparticles with an anisotropic structure [1] 

ʕƅɕǃšĿTWǭāɼÖ��ɢØ¶ĺƗ�ɱǆʖ 
G. Wang, Y. Akiyama, N. Kanayama, T. Takarada, and M. Maeda, Small, 13, 1702137 (2017) 

 
16. Development of a method for folding nanoparticle chains into two-dimensional arrays [1] 

ʕTWǭāɭƵɼÖ��Ŋ*��%�(+ʚƈ£1r3ƅǫƗ�ɱǆʖ 
S. Shiraishi, L. Yu, Y. Akiyama, G. Wang, T. Kikitsu, K. Miyamura, T. Takarada, and M. Maeda, 
Adv. Mater. Interfaces, 5, 1800189 (2018) 

 
17. Development of a method for directed assembly of isotropic nanoparticle oligomers [1] 

ʕƅɕǩšĿTWǭāɼÖ��ɢØ¶ĺƗ�ɱǆʖ 
L. Yu, S. Shiraishi, G. Wang, Y. Akiyama, T. Takarada, and M. Maeda, J. Phys. Chem. C, 123,  
15293 (2019) 

 
18. Development of a method for measuring interfacial forces emerging between brush-like DNA layers 

[1] 
ʕDNA^oDĘɲ�ǆƺ�+ǁʂ»�ƦćƗ�ɱǆʖ 
T. Sekine, N. Kanayama, K. Ozasa, T. Nyu, T. Hayashi, and M. Maeda, Langmuir, 34, 15078 (2018) 

 
19. Phototaxis and photo-shock responses of Euglena gracilis under gravitaxis [1] 

ʕɥ»ɅĿz��mv>rT�¦ɅĿ�¦DnN=ľǪʖ 
K. Ozasa, J. Won, S. Song, T. Shinomura, and M. Maeda, Algal Res., 41 101563 (2019) 

 
20. Carotenoids are essential for light perception by the eyespot apparatus to initiate the phototactic 

movement of Euglena gracilis [1] 
ʕmv>rT�¦ɅĿ�þÀ��Ǎư�9sPW3S�ļʆ��+ʖ 
S. Kato, K. Ozasa, M. Maeda, Y. Tanno, S. Tamaki, M. Higuchi-Takeuchi, K. Numata, Y. Kodama,  
M. Sato, K. Toyooka, and T. Shinomura, Plant J., 101 1091-1102 (2020) 

 
21. Measurement of the magnetic moment of 75Cu reveals the interplay between nuclear shell evolution and 

shape deformation [2] 
ʕ75Cu�¾ɆƵŁ�żǓƒjvitRƦć�œ+Əƅɕ�õĶ�Ǌ�Ĺʄʖ 
Y. Ichikawa, H. Nishibata, Y. Tsunoda, A. Takamine, K. Imamura, T. Fujita, T. Sato, S. Momiyama, Y. 
Shimizu, D. S. Ahn, K. Asahi, H. Baba, D. L. Balabanski, F. Boulay, J. M. Daugas, T. Egami, N. 
Fukuda, C. Funayama, T. Furukawa, G. Georgiev, A. Gladkov, N. Inabe, Y. Ishibashi, Y. Kobayashi, S. 
Kojima, A. Kusoglu, T. Kawaguchi, T. Kawamura, I. Mukul, M. Niikura, T. Nishizaka, A. Odahara, Y. 
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Ohtomo, T. Otsuka, D. Ralet, G. S. Simpson, T. Sumikama, H. Suzuki, H. Takeda, L. C. Tao, Y. Togano, 
D. Tomonaga, H. Ueno, H. Yamazaki and X. F. Yang, Nat. Phys. 15, 321–325 (2019). 

 
22. g-Factor of the 99Zr (7/2+) isomer: Monopole evolution in shape coexisting region [2] 

ʕ99Zr�ƩĆć¾ɆƩ� gåāƦć�œ+õĶ©Ă�+żɃɧʇí��ÉƄāǊ��ƾʖ 
F. Boulay, G. S. Simpson, Y. Ichikawa, S. Kisyov, D. Bucurescu, A. Takamine, D. S. Ahn K. Asahi, H. 
Baba D. L. Balabanski, T. Egami, T. Fujita, N. Fukuda C. Funayama, T. Furukawa, G. Georgiev, A. 
Gladkov, M. Hass, K. Imamura, N. Inabe Y. Ishibashi, T. Kawaguchi, T. Kawamura, W. Kim, Y. 
Kobayashi, S. Kojima, A. Kusoglu, R. Lozeva, S. Momiyama, I. Mukul, M. Niikura, H. Nishibata, T. 
Nishizaka, A. Odahara, Y. Ohtomo, D. Ralet, T. Sato, Y. Shimizu T. Sumikama H. Suzuki H. Takeda L. 
C. Tao, Y. Togano, D. Tominaga, H. Ueno, H. Yamazaki, X. F. Yang, J. M. Daugas, Phys. Rev. Lett. 
124, 112501 (2020). 

 
23. Radiative cooling dynamics of isolated N2O+ ions in a cryogenic electrostatic ion storage ring [2] 

ʕƄ�ƥʀɿë38tșǡpt>|�Ąǥ N2O+�ŘēÌL3Tg=Fʖ 
A. Hirota, R. Igosawa, N. Kimura, S. Kuma, K. C. Chartkunchand, P. M. Mishra, M. Lindley,  
T. Yamaguchi, Y. Nakano and T. Azuma,  
Phys. Rev. A. submitted. 

 
24. Tracking photoinduced Au-Au bond formation through transient terahertz vibrations observed by 

femtosecond time-domain Raman spectroscopy [2] 
ʕ]5hRǝŦɲʇíoft±¦�ȨƦ�,+əƤǈPo`qOőÀ�(+¦ȲɆɨ-ɨǶÖ
ƽŃ�ɐɈʖ 
H. Kuramochi, S. Takeuchi, M. Iwamura, K. Nozaki and T. Tahara, J. Am. Chem. Soc., 141,  
19296 (2019). 

 
25. Microsecond conformational dynamics of biopolymers revealed by dynamic-quenching 

two-dimensional fluorescence lifetime correlation spectroscopy with single dye-labeling [2] 
ʕÀǈơ¦�ƈ£Ȝ¦đÜǊɳ±¦�(��Ť)���,�ƽ�ʒ±ā�f3=sǝAt]

7ivDntL3Tg=Fʖ 
B. Sarkar, K. Ishii and T. Tahara, J. Phys. Chem. Lett., 10, 5536-5541 (2019).  

 
26. Probing the early stages of photoreception in photoactive yellow protein with ultrafast time-domain 

Raman spectroscopy [2] 
ʕɇʒɔŦɲŦɲʇí±¦�(+¦ƜÀĿʔȑțǇɃ�¦ÐĎ³ŰƎɸ�ȨƦʖ 
H. Kuramochi, S. Takeuchi, K. Yonezawa, H. Kamikubo, M. Kataoka and T. Tahara, Nat. Chem., 9, 
660- 666 (2017). 
 

27. Development of single-molecule absorption spectroscopy with STM [2] 
ʕSTM.ƾ��É±āÙÏ±¦Ɨ�ɱǆʖ 
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H. Imada, K. Miwa, M. Imai-Imada, S. Kawahara, K. Kimura, and Y. Kim, Phys. Rev. Lett., 119, 
013901, 1-6 (2017). 

 
28. Realization of a direct pathway to molecular photodissociation on metal surfaces using visible light [2] 

ʕÒȧ¦�(+ɨėȟʂ��±ā¦ȩɽ"�ǉŔǵɉ�ĉƺʖ 
E. Kazuma, J. Jung, H. Ueba, M. Trenary, and Y. Kim, J. Am. Chem. Soc., 139, 3115-3121 (2017) 

 
29. Real-space and real-time observation of a plasmon-induced chemical reaction of a single molecule 

[2,4] 
ʕÉw±ā�
�+_oGjtȲɆÃąÎľ�ĉǣɲ
(!ĉŦɲȨĐʖ 
E. Kazuma, J. Jung, H. Ueba, M. Trenary, and Y. Kim, Science, 360, 521-526 (2018) 

 
30. Dynamics of Nitric Oxide in Biological System Examined using Excitation of Caged NO [2] 

ʕ?vES NO�¦¾Ɇ.Ɯƾ���ƽ�« NO�ÀŁȩźʞȈǤȗwɤÃǤǰɝ£ɣǰʖ 
H. Takeda, T. Kimura, T. Nomura, A. Yokota, A. Matsubayashi, S. Ishii, T. Tosha, Y. Shiro, M. Kubo 
Bull. Chem. Soc. Japan (2020) in press 

 
31. Dynamics of Nitric Oxide in Biological System Examined using Excitation of Caged NO [2] 

ʕ?vES NO�¦¾Ɇ.Ɯƾ���ƽ�« NO�ÀŁȩźʞȈǤ9[wɤÃǤǰɝ£ɣǰʖ 
T. Tosha, et al. Nat. Commun. 8, 1585 (2017)  

 
32. Structure of charmed Baryons studied by pionic decays [2,1] 

(πğó�ȵ#+MkvhYp8t�ƅɕ) 
H. Nagahiro, S. Yasui, A. Hosaka, M. Oka, and H. Noumi, Phys. Rev. D95, 014023(2017) 

 
33. Experimental Investigation for Diquark Degrees of Freedom in a Charmed Baryon at J-PARC [2,1] 

ʕJ-PARC�
�+MkvhYp8t|�L3=7v=ȋǀį�ĉʑǒǢʖ 

T.N. Takahashi for the J-PARC E50 collaboration, JPS Conf. Proc. 13, 020042(2017) 
 

34. Physics in J-PARC Hadron-Hall Extension [2,1]  
(J-PARCXSstcvqŏĴ�
�+Ƴƻ) 
H. Noumi, JPS Conf. Proc. 13, 010017(2017) 

 
35. Strange and Charm Hadron Physics at J-PARC in Future [2,1] 

ʕĔŶ� J-PARC�
�+FRrtE�MkvhXSstƳƻ) 
H. Noumi, JPS Conf. Proc. 17, 111003(2017) 

 
36. Experimental Study of Di-quark Correlation by Charmed Baryon Spectroscopy at J-PARC 

High-Momentum Secondary Beam Line [2,1] 
ʕJ-PARCʒɘÀɧ�ƈ[vho3t�
�+MkvhYp8t±¦�(+L3=7v=Ǌɳ
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:q^`t 
Y. Komatsu et al., JPS Conf. Proc. 26, 022029 (2019).  

 
 

����� 
 
1. Absolute optical absorption cross-section measurement of Rb atoms injected into superfluid helium 

using energetic ion beams [3, 2] 
sgT-����%�;(���r����"Rb08'321AGn_t 
K. Imamura, Y. Matsuo, W. Kobayashi, T. Egami, M. Sanjo, A. Takamine, T. Fujita, D. Tominaga, Y. 
Nakamura, T. Furukawa , T. Wakui , Y. Ichikawa, H. Nishibata, T. Sato, A. Gladkov, L. C. Tao, T. 
Kawaguchi, Y. Baba , M. Iijima , H. Gonda , Y. Takeuchi , R. Nakazato , H. Odashima , and H. Ueno, 
App. Phys. Exp. 12, 016502 (2019).  

 
2. Impact of a hydrophobic molecular ion in the early stage of cloud formation [3] 

slYC+JOk����[QB*8��!@ot 
L. Feketeová, P. Bertier, T. Salbaing, T. Azuma, F. Calvo, B. Farizon, M. Farizon, and T. D. Märk, 
PNAS 116, 22540-22544 (2019). 

 
3. Quadrupole mechanism for vibrational sum frequency generation at air/liquid interfaces: Theory and 

experiment [4] 
saPuU&Zn����F-54R\Y6jLNMvXe
:qt 
K. Matsuzaki, S. Nihonyanagi, S. Yamaguchi, T. Nagata, and T. Tahara, J. Chem. Phys., 151,� 064701 
(2019). 

 
4. The topmost water structure at a charged silica/aqueous interface revealed by heterodyne-detected 

vibrational sum frequency generation spectroscopy [4] 
s�� ��!K)F-54R*'	H������>m�����uQVUZnI$<

QMht 
S. Urashima, A. Myalitsin, S. Nihonyanagi, and T. Tahara: J. Phys. Chem. Lett., 9, 4109-4114 (2018). 

 
5. Probing structural changes in electrochemically active self-assembled monolayers [4] 

smP.9]SB�E�d=bc./*8<Mh7.K)t 
R. A. Wong, Y. Yokota, M. Wakisaka, J. Inukai, and Y. Kim, J. Am. Chem. Soc., 140, 13672-13679 
(2018). 

 
6. Realization of selective triplet exciton formation in a single molecule [4, 2] 

s/*8����#jp,f8iD]?C:Wt 
K. Kimura, K. Miwa, H. Imada, M. Imai-Imada, S. Kawahara, J. Takeya, M. Kawai, M. Galperin, and 
Y. Kim, Nature, 570, 210-213 (2019) 
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7. Development of a theoretical method for describing single-molecule luminescence by STM [4, 2] 

ʕSTM.ƾ��É±āǆ¦±¦�ƻȷȩźŇƗ�ɱǆʖ 
K. Miwa, H. Imada, M. Imai-Imada, K. Kimura, M. Galperin, and Y. Kim, Nano Lett., 19, 2803-2811 
(2019) 

 
8. Development of single-molecule resonance Raman spectroscopy [4,2] 

ʕÉ±ā©ʓoft±¦Ɨ�ɱǆʖ 
R. B. Jaculbia, H. Imada, K. Miwa, T. Iwasa, M. Takenaka, B. Yang, E. Kazuma, N. Hayazawa,  
T. Taketsugu, and Y. Kim, Nat. Nanotechnol., 15, 105-110 (2020) 

 
9. Development of a colorimetric method for detecting pollen allergen using non-crosslinking aggregation 

of DNA-modified nanoparticles [4] 
ʕDNA�ʎTWǭā�ʁŻƆ¯ɼ.ƾ�+ȒǬǅ1rq@t�ƑȑƂ°Ɨ�ɱǆʖ 
C. C. Chang, G. Wang, T. Takarada, and M. Maeda, ACS Sens., 4, 363 (2019) 

 
10. A Nanobiosensor for the Simple Detection of Small Molecules using Non-crosslinking 

Aggregation of Gold Nanoparticles with G-quadruplexes [4] 
ʕãɥɭ DNAōŐɨTWǭā�ʁŻƆë¯ɼ�î���±āƂ°TWY38HtBv�ɱǆʖ 
S. Chuaychob, C. Thammakhet-Buranachai, P. Kanatharana, P. Thavarungkul, C. Buranachai, M. Fujita, 
M. Maeda, Anal. Methods., 12, 230-238 (2020) 

 
11. Iron Dynamics (Reduction, Transport and Sensing) on Biological Membrane-Protein Interface [4] 

ʕǳȆȉ�KtZ=Ƀ�ǁʂ�
�+ƽ�«ɫÀŁȩźʞɫɝ£ɣǰʖ 
M. Ganasen, H. Togashi, H. Takeda, H. Asakura, T. Tosha, K. Yamashita, K. Hirata, Y. Nariai, T. 
Urano, X. Yuan, I. Hamza, G. A. Mauk, Y. Shiro, H. Sugimoto, H. Sawai: Commun. Biol. 1: 120 
(2018) 

 
12. Iron Dynamics (Reduction, Transport and Sensing) on Biological Membrane-Protein Interface [4] 

ʕǳȆȉ�KtZ=Ƀ�ǁʂ�
�+ƽ�«ɫÀŁȩźʞ`hȉɍɑ�±āÀ»ąʖ 
K. Tamura, H. Sugimoto, Y. Shiro, Y. Sugita J. Phys. Chem. B 123, 7270-7281 (2019) 

 
13. Development of reconfigurable spin filter based on chiral molecular motor driven by light and heat [4] 

ʕ;oq±ājvKv.ƾ��¦/Ʋ·Ʈ�(+F\t�ƄF3NMt>ʖ 
M. Suda, Y. Thathong, V. Promarak, H. Kojima, M. Nakamura, T. Shiraogawa, M. Ehara and H. M. 
Yamamoto, Nature Commun., 10, 2455 (2019). 

 
14. Enhanced single photon emission from carbon nanotube dopant states coupled to silicon microcavities 

[5] 
ʕDpAtĻĖ©őâ�(+9vdtTWMlv^Éw¦āǆƽrvR�òĵʖ 
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A. Ishii, X. He, N. F. Hartmann, H. Machiya, H. Htoon, S. K. Doorn, Y. K. Kato, Nano Lett. 18, 
3873 (2018). 

 
15. Organic molecular tuning of many-body interaction energies in air-suspended carbon nanotubes [5] 

ʕ9vdtTWMlv^�
�+÷�Ǌ��ƾ�ůƇ±āÙǎ�(+¶ĺʖ 
S. Tanaka, K. Otsuka, K. Kimura, A. Ishii, H. Imada, Y. Kim, Y. K. Kato, J. Phys. Chem. C 123, 
5776 (2019). 

 
16. High efficiency dark-to-bright exciton conversion in carbon nanotubes [5] 

ʕ9vdtTWMlv^�
�+Ū�¾Ɇā�)Ť+�¾Ɇā"�ʒ¿Ʒõŕʖ 
A. Ishii, H. Machiya, Y. K. Kato, Phys. Rev. X 9, 041048 (2019). 

 
17. Investigation of superconducting phase diagram of an organic Mott insulator using simultaneous 

control of electric field and strain [5, 1] 
ʕůƇjNRǷǺ��
�+ɿǁ/ƍ%×Ŧ¶ĺ�(+ɇ�ĕǊ�œǱʖ 
Y. Kawasugi, K. Seki, S. Tajima, J. Pu, T. Takenobu, S. Yunoki, H.M. Yamamoto, and R. Kato, 
Science Advances, 5, eaav7282 (2019). 

 
 
9<:5'��#��.�0- / Developed measuring techniques 

and equipment (Research Category in [ ] ) 
 

$26��% 
 
1. Apparatus of collinear laser spectroscopy for GeV RI beams [1] 

ʕGeV RI beam ƾApU1±¦ȡǿʖ 
 
2. Apparatus for β-ray-detected NMR spectroscopy [1, 3] 

ʕβǹƂ°ëżǓƒ©ʓȡǿʖ 
 
3. β-Ray-detected NMR method utilizing spin-aligned RI beams [1] 

ʕżF\tŜ² RI[vh.ƾ�� βǹƂ°ë NMRƦćƗʖ 
 
4. Cryogenic ion storage ring (RICE) [1, 2] 

ʕƄ�ƥ38tșǡpt>ʖ 
 
5. Neutral atomic beam [1, 2] 

ʕ|ĿÍā[vhƽŃȡǿʖ 
 
6. Application of TESʕTransition Edge Sensorʖfor the exotic atom experiment [1, 2] 

ʕɇ�ĕɋǞư9spivK TES.ƾ��6;JMN=Íā XǹƂ°ňȞʖ 
 
7. Cryogenic ion trap [1, 2] 

ʕƄ�ƥ38tRoN_ʖ 
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8. DACʕDiamond Anvil Cellʖtechnique for resistivity measurements under high pressure [1] 
ʕDAC.ƾ��ɇʒézŌŉƦćňȞʖ 

 
9. Sub-terahertz ESR measurement system [1] 

ʕB^Po`qOƘ ESRƦćȡǿʖ 
 
10. ROS (Reactive Oxygen Species) evaluation apparatus for biological materials using ESR [1] 

ʕESR.µƾ�� ROSȭ�ȡǿʖ 
 
11. Magnetic torque measurement system using MEMS (Micro Electro Mechanical Systems) [1] 

ʕMEMS.ƾ��ǓƒRq=Ʀćȡǿʖ 
 
12. Colloidal probe atomic force microscopy for measurement of interfacial forces between brush-like 

DNA layers [1] 
ʕAs3S_sv^Íāɲ»ʊĻɮ.ƾ�� DNA^oDĘɲǊ��ƾƦćňȞʖ 

 
13. Optical tweezers for measurement of DNA-DNA interactions at the single-molecule level [1] 

ʕ¦\tHNR.ƾ�� DNAÉ±āɲǊ��ƾƦćňȞʖ 
 
14. Microfluidic system for movement observation of micro-organs with multiple tactic stimuli [1] 

ʕ÷ɥ·Ʈz�ĻƽƳ�À.ȨĐ�+f3=sƝɉDFPhʖ 
 
15. Optical feedback system constructed for movement analysis of gene-modified micro swimmers 

(Euglena gracilis) [1] 
ʕɜ�āŖ���f3=sF3fv"�¦ą]2vSYN=ȡǿʖ 

 
16. Image-analysis software for long-term evolution in phototaxis, chemotaxis, or gravitaxis of Euglena 

cells confined in a microfluidic chip [1] 
ʕf3=sƝɉ|�ĻƽƳ�ÃąɅĿ�ɥ»ɅĿ�ɯŦɲ3ivEȩźI]R451ʖ 

 
17. Techniques using the Caged Compounds for Characterization of Short-lived Reaction Intermediates [1] 

ʕ?vESÃÖƳ.ƾ��ɣǰÎľ�ǐđÜÎľ|ɲ��ɿāƵŁuƅɕȩźƗʖ 
 
18. Electrospray-cold ion trap laser spectrometer [1, 4] 

ʕ6r=RsF_rvʗÌ38tRoN_rvCv±¦ȡǿʖ 
 
19. Highly nuclear-spin-aligned RI beams produced by a two-step nuclear reaction combined with the 

momentum-dispersion matching technique [2] 
ʕ±ŚŜÖ�äŚ�Ɨ�(+żF\tŜ² RI[vhƽŃňȞʖ 

 
20. Deep-UV femtosecond stimulated Raman spectroscopy (DUV-FSRS) [2] 

ʕƣǲö]5hRǝȲĕoft±¦Ɨʖ 
 
21. Dynamic quenching two-dimensional fluorescence lifetime correlation spectroscopy (DQ 2D-FLCS) 

[2] 
ʕÀǈơ¦�ƈ£Ȝ¦đÜǊɳ±¦ʖ 

 
22. Controlling of plasmon-induced single-molecule reaction [2]  

ʕ_oGjt�(+É±āÎľ¶ĺňȞʖ 
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23. High-throughput, trigger-less data acquisition system [2,1] 
ʕʒ¿ƷRp:rFQvKÏɼDFPhʖ 

 
24. High-rate, high-time resolution beam counter with a Cherenkov radiator [2,1] 

ʕM5rtA]Ɏē�.ƾ��ʒɔʒŦɲ±ȩȇ[vhȪśâʖ 
 
25. High-rate scintillation fiber tracker [2,1] 

ʕDtMrvDnt]03Yv.ƾ��ʒɔǭāʍɈƂ°âʖ 
 

��&7 
 
1. Optical radioisotope atom observation in condensed helium as ion-catcher system (OROCHI) [3, 2, 1] 

ʕ¯Ǽ�`p4h.RoN_ĀɃ��� RI Íā�ŠúrvCv±¦ȡǿʖ 
 
2. Electron cyclotron resonance ion source [3] 

ʕɿāB3=sRst©ʓëʕECRʖ38tƨʖ 
 
3. Cryogenic nozzle for large helium droplet production [3] 

ʕĢø`p4hƢƫƽŃƾƄ�ƥWGqʖ 
 
4. UV-excited time-resolved heterodyne-detected vibrational sum-frequency generation (UV 

TR-HD-VSFG) [4] 
ʕǲö¾ɆŦɲ±ȩ`PsL3tőÀÝÛƘǆƽ±¦Ɨʖ 

 
5. Single-molecule absorption spectroscopy [4] 

ʕÉ±āÙÏ±¦Ɨʖ 
 
6. Single-molecule resonance STM tip-enhanced Raman spectroscopy [4] 

ʕÉ±ā©ʓœɩòĵoft±¦Ɨʖ 
 
7. Controlled formation of triplet exciton in a single molecule [4] 

ʕÉ±ā�
�+¾ɆāĶŃ�¶ĺŇƗʖ 
 
8. Semi-in-situ method for chemical characterization of the electrical double layer at the electrode surface 

[4] 
ʕɿƄȟʂ�
�+ɿƒ�ɥĘ� semi-in-situÃą×ćŇƗʖ 

 
9. Simultaneous control of the bandfilling and bandwidth using electric field doping and substrate bending 

at a device interface [5, 1] 
ʕQY3Fǁʂ�
���ɿǁSv\t>�îŹū� �%.ƾ��YtSËůƷ�YtSĪ

�×Ŧ¶ĺ�+ňȞʖ 
 
10. Time-resolved and photon correlation measurement with a fully-automated telecom-band 

photoluminescence microscopy system [5] 
ʕ¨ȋÀɓ�ƘɯĨ]7RqgVNHtFʊĻ±¦DFPh�(+Ŧɲ±ȩ
(!¦āǊɳ

Ʀćʖ 
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9=:
�������	�� / Seminars and Symposiums 
 

2017Ĭį 

 u�ƳɃɸĘ�Íƻ.œƕ�+ǸÖǈĉʑǒǢ�ǨʙäťŰǒǢ� 

 � 2017Ĭ 5Ů 12Ţ�13Ţ�ĺƐðʒÍcPq 
 u�ƳɃɸĘ�Íƻ.œƕ�+ǸÖǈĉʑǒǢ�ǒǢïÚ� 

 � 2018Ĭ 2Ů 13Ţ�14Ţ�ƻÃąǒǢņ ɪűſùɟcvq 

 uǨʙä ExpRes Dojo “Laser” 

 � 2017Ĭ 6Ů 16Ţ�ƻÃąǒǢņ ɪűſùɟcvq 

 uǨʚä ExpRes Dojo “Data Acquisition” 

 � 2017Ĭ 10Ů 6Ţ�ƻÃąǒǢņ øƖ«cvq 
2018Ĭį 

 u�ƳɃɸĘÍƻǒǢ�&�`PsǁʂǒǢ�Ö×ťÖď 

 � 2018Ĭ 5Ů 11Ţ�12Ţ��/$�ď ƲƠŲʏ 

 u�ƳɃɸĘÍƻǒǢ�&�`PsǁʂǒǢ�ǒǢïÚ� 

 � 2019Ĭ 2Ů 5Ţ�6Ţ�ƻÃąǒǢņ ɪűſùɟcvq 

 uǨʛä ExpRes Dojo “Bq�&-�+ɧāAt\lvKv”�Ȧą� 
 � 2018Ĭ 6Ů 8Ţ�ƻÃąǒǢņ ɪűſùɟcvq 

 uǨʜä ExpRes Dojo “Precision Detection / Detector” 

 � 2017Ĭ 10Ů 5Ţ�ƻÃąǒǢņ RIBF conference room 

2019Ĭį 

 u�ƳɃɸĘÍƻǒǢ�&�`PsǁʂǒǢ�Ö×ťÖď 

 � 2019Ĭ 5Ů 10Ţ�11Ţ�ĺƐðʒÍcPq 
 u�ƳɃɸĘÍƻǒǢ�&�`PsǁʂǒǢ�ǒǢïÚ� 

 � 2020Ĭ 2Ů 4Ţ�5Ţ�ƻÃąǒǢņ ɪűſùɟcvq 

 uǨʝä ExpRes Dojo “Ʀć.ŗ	+îŲȥǰ�Sample & Probe” 

 � 2020Ĭ 1Ů 14Ţ�ƻÃąǒǢņ RIBF conference room 

 

 
 

ȯǳ��ƈbvE�ɵ 

  

－19－



)ċľŝ¿;�čCÙÿ3AĬ ĕ¸ŧęġ*  

Ĥ 1 ¦ãéęġ��  

2017 È 5 ç 12 áŪŕūŬ13 áŪ¨ū 

à� Ïý¬Ũ�gXrŪţÁĘÏý¬ÆĜÀ 719ū 

 

 

1 áĖŰ2017 È 5 ç 12 áŪŕū  

13:00ɤ13:20 &�,$ɢǻ ƿsɣ 
 
�ĕɃɦŦ �ǽ� 
13:20ɤ13:50 O-01 ìð$�2´ëȫ´%ȉŐ%�,%Ôtôɞ$Ä�  

 wȻ ǀÂɢŦºç¤çƛơƺǊõɣ 
 
13:50ɤ14:20 O-02 ºçG_APl%Ǘ÷¤�$/2ȞÞěºçŮĿǛ 

 ɟć ĭçɢtȻŮ¤�ƺǊõɣ 
 
14:20ɤ14:50 O-03 Study of the lightest kaonic nuclei at J-PARC 

 ĄĲ ĹčɢáɈáëɣ 
 
14:50ɤ15:10 �İ 
 
�ĕɃɦĆĉ ɐĜ� 
15:10ɤ15:50 O-04 ºçŮƛơë%ȇƘ�0%ƛțɌă 

 ǭĄ ȐǩçɢǭĄGPmoFTGŮƛơƺǊõɣ 
 
15:50ɤ16:30 O-05 [:lcàǖçǘK8RcAG%EchmqEio 

 ƸǶ rƌɢǒƆáëȌǔǃëƺǊIoJqɣ 
 
�ĕɃɦǻ ƿs� 
16:30ɤ17:15 XTlO7G>MEio 

 �ƛțǃë$�2Ƭ¤ȻȪŁ� 
 
17:15ɤ18:00 ǲƧȍȖ 
 
18:00ɤ20:00 Ĭȅ�ŀ� 
 
20:00ɤ22:00 aGJqIMEio 
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2 áĖŰ2017 È 5 ç 13 áŪ¨ū  
 
�ĕɃɦȽ ŚƉ� 
9:30ɤ10:00 O-06 ɔçGZo�ɠ5ƥ
�¤çħƛț%ƺǊ 

 áĈ °Æɢǻ¤çƛħƺǊõɣ 
 
10:00ɤ10:30 O-07 ]jHfoȒȝ´ë¼ĥ%ôǋɆpôŔɆȇƔ 

 ŉɆ ĪĘçɢKimǿɖƩɖǃëƺǊõɣ 
 
10:30ɤ10:50 �İ 
 
�ĕɃɦƦº âđ� 

10:50ɤ11:20 O-08 ƩɖȰķƱɕǥě¤�$/2Ʃɖǃë%Ə´ 

 |şŬ ǬÀɢƦº¤ç¤�ƺǊõɣ 
 
11:20ɤ11:50 O-09 ƯºǺ%ǜǮǱ!źǯ�2^dȣȦJoXAț%ŵȩ"źǯ 

 Šş îɢ�ĖƶǍá/Yqdj8oØƲƺǊȴɣ 
 
11:50ɤ13:10 œɛ 
 
�ĕɃɦÖ òË� 

13:10ɤ13:40 O-10 Characterizing nitric oxide diffusion in a nitrite reductase: Nitric oxide reductase 

complex 

 Pohung WangɢŠƦơȖ¤çǃëƺǊõɣ 
 
13:40ɤ14:20 O-11 ȼçŇȬǘ%K8RcAGơȖ"�%�Ãı¥ŜȭǇ)%āɅ 

 ƹĉ ǎ�ɢ¤çǃëƺǊĳɣ 
 
14:20ɤ14:40 �İ 
 
�ĕɃɦ©Ʀ Ƣã� 

14:40ɤ15:10 O-12 DNA�ɜȽRUǖçɑÃ�%ŵȩÞŀ 

 óƦ Ĥɢ©ƦW8=ČëƺǊõɣ 
 
15:10ɤ15:50 O-13 ÃıƤƛë:ƤÈEGNd5ňơfOl$Ø�
 ȎȌpôȀ� ơȉ�2 

 ŝș á�ɢŏǉƦáëơČëǾɊ ɔƀpĩÚƤÈČëǃɣ 
 
15:50 Ǟ41$ɢtȻ ǂŸɣ 
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iPSvĔĳŪ5 ç 12 á¯ū  

 

P-01 RUǜè5Ś�2¤çħý�%Ʌư 

 ~¿ ėǎɢŦµáëɁ�´ëƺǊõɣ 
 

P-02 r¤çǼ�ȌƔ$Ǎǰ��Ƥ�ɟ¤ç%ŵȩK8RcAG%ƺǊ 

 ƹ~ ȲĜɢƦº¤ç¤�ƺǊõɣ 

 

P-03 `Pd6M]6]nqL$/2ǁǠ�ȯȭǇ%¤çȰķħ%ȉŐ 

 ƹ� �rɢŦ�ČŲáëǃ� ëĵǾ«ıƺǊɊ� ´ëƤÈǃëƺǊĳɣ 
 

P-04 õƓ;Tl@qch=oƕ%Ʌư"�%ĥƥ 

 ƹƦ ²ĜɢĆĉ�ǏwɆçƺǊõɣ 

 

P-05 ƼƀPlA!ȅ�sȈůçŚźƼħ�%ȼçGZoƎ�ƝĮ 

 ƽȻ Șyɢǻ¤çƛħƺǊõɣ 
 

P-06 Real-space investigation of intermolecular energy transfer dynamics 

 �Ʀ ȁɢKimǿɖƩɖǃëƺǊõɣ 

 

P-07 Ȟ�ýű£Ì5ƥ
�ºç¤çYqdȌƔ$Ä�  

 ąƦ �S ɢŦºç¤çƛơƺǊõɣ 
 

P-08 8=oƎ�PjoFGJ$/2¤çħý�%Ȟ�ýƵ%ĿǛ 

 ċŰ Ǫɟɢǻ¤çƛħƺǊõɣ 

 

P-09 Precision microwave spectroscopy of muonium atom 

 ǁƦ ǬâȳɢĆĉ�ǏwɆçƺǊõɣ 
 

P-10 Valence bond solidƛț EtMe3P[Pd(dmit)2]2%ɔçGZo�ɠ 

 Ƚ őȚɢǻ¤çƛħƺǊõɣ 

 

P-11 ų�Ɠ¤ç8=o%K8cAGȉŐ$Ä�  

 xɆ ŕɢŦºç¤çƛơƺǊõɣ 
 

P-12 ȞɟȨŔɆɘ×jbo¤�ƅ!ȇ2�ĥǓħJoXAț%¼ĥ¥ŜȭǇ 

 �Ļ �ɢƦº¤ç¤�ƺǊõɣ 
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P-13 ȞɟÑu$/2·rı¤¤çħǡŖ[Pt(dddt)2]%ȽĂ´ 

 Ċ �Ɔɢǻ¤çƛħƺǊõɣ 
 
P-14 ?IUoºç EDMƔñ)Ä��ǯ±ďȱÕŮGZoeqDq%Ʌư 

 �ǻ ŗÉɢtȻŮ¤�ƺǊõɣ 
 
P-15 Optical isomer separation by FEL ɡ ultra low energy electron scattering from N2O 

 �Ą ǕɢƦº¤ç¤�ƺǊõɣ 
 
P-16 �ȒȝƩɖ»ųç5¦ƥ���ɝ±ÕŚźȞ�ýPjoFGJ%Ʌư 

 ɗƦ ơǽɢ¤çǃëƺǊĳɣ 
 
P-17 Vibrational analysis of aromatic polyamide reverse osmosis membranes 

 Surblys DonatasɢŠƦơȖ¤çǃëƺǊõɣ 
 
P-18 ŔɆ¤ȉ¤�ƅ5ƥ
�rȹ´ǌǚȱ�ȸǚ%Ȋæ¼ĥźŵ%ȉŐ 

 ŽƦ ǷĨɢ�ĖƶǍáơëȴɣ 
 
P-19 V8\kMQƃɇňƅ$/2¤çħý�%Ƽħ"ɔçƝĮ 

 Ðȗ Șã ɢƛțpŢŋƺǊźŵɣ 
 
P-20 SACLA5¦ƥ��ŔɆ¤ȉ XǥǡŖŵȩȉũ$/2ȸǚ¼ĥ%ȇƔ 

 Ʈǳ ŽĜɢ�ĖƶǍá/Yqdj8oØƲƺǊȴɣ 
 
P-21 ŮGZo�ų5ƥ
�ºçŮŵȩƺǊ 

 ȃƪ ƊĎɢtȻŮ¤�ƺǊõɣ 
 
P-22 ƣÜ§ġu!%�ǏÝĚjbo¤�ƅ%Ʌư 

 ŏƖ ǙĜɢKimǿɖƩɖǃëƺǊõɣ 
 
P-23 ABC^dľ£ao]%ŵȩ"źǯ 

 xȻ ƞɏɢYqdj8oØƲƺǊȴɣ 
 
P-24 mqDqpb8AnƆ|Ⱥ�ɠƅ$/2ȞƋ±^k9dƣÜw Auºç%ȞĢǜŵȩɆɍ 

 ǻƦ śǩɢtȻŮ¤�ƺǊõɣ 
 
P-25 DNARUǖç%¤Ňp¢ɑ"ūƑ¯Ū 

 ǻƦ ɐėɢ©ƦW8=ČëƺǊõɣ 
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P-26 WoQ@gM]�$éÒ�2ȪǣƼƀ®ȝ 

 ǻĄ ǸŸɢǻ¤çƛħƺǊõɣ 
 
P-27 Organic superconductor λ-(BETS)2GaCl4 study by Muon spin rotation 

 Puspita Sari DitaɢĆĉ�ǏwɆçƺǊõɣ 
 
P-28 �Ż�ȽĂɁ�$�2WoQ[7koB§ġ"ƚɔƜħ%ȏ� 

 ţŠ ǷŒɢŦµáëɁ�´ëƺǊõɣ 
 
P-29 QM/MMƅ$Ø��¼ĥǠȠĿǛƅ%Ʌư"ȸǚ¼ĥ)%ĥƥ 

 �ŝ ƐɢŠƦơȖ¤çǃëƺǊõɣ 
 
P-30 rȹ´ǌǚȱ�ȸǚ%ØțȣȦǠȠ$éÒ�26cUȹžØ%Ğª 

 ĄɎ ť�ɢ�ĖƶǍáơëȴɣ 
 
P-31 NOR�ɇ42ȂÃ�%ŵȩíñħ"źǯ%ơȖȉũ 

 ĄƦ �âɢŠƦơȖ¤çǃëƺǊõɣ 
 
P-32 Self-organization of DNA-coated gold nanoparticle assemblies through non-crosslinking aggregation 

 � ¬ɢ©ƦW8=ČëƺǊõɣ 
 
P-33 ɔƀ´ëƩɖ%ĿȾÝĚjbo¤� 

 ŷƦ ƈyɢKimǿɖƩɖǃëƺǊõɣ 
 
P-34 Observation of the anomalous antiferromagnetic resonance in λ-(BETS)2FeCl4 

 š ƈ³ɢǻ¤çƛħƺǊõɣ 
 
P-35 DNA�ɜȽRUǖçɑÃ�%ȶÄ§ġ 

 Ɵ Ïįɢ©ƦW8=ČëƺǊõɣ 
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)ċľŝ¿;�čCÙÿ3AĬ ĕ¸ŧęġ*  

ęġ«£�   
2018 È 2 ç 13 áŪĊūŬ14 áŪþū 

à� č�µęġÖ Ŗêò±Ŏgvr 

 
 

1 áĖŰ2018 È 2 ç 13 áŪĊū  

13:20ɤ13:30 Ʌ�ļĺɢþí Ⱥã ơ{ɣ 

13:30ɤ13:40 ŴȄȓŐɢǻ ƿsɣ 

 
�ĕɃɦ©Ʀ Ƣã� 
13:40ɤ14:25 I-1 SACLAǲƧɔçmqDq$/2ǱJoXAț%ŵȩ%¤ç±ƨłĝ 

 ĆƦ īɢSACLA¦ƥĵǾɅĹBlq]ɥ�ȵáëɣ 
 
14:25ɤ14:50 O-1 Ƥ��ȿ±ĮɦƤ�Ǳ5ȧ��ȿ%½1Ȥ+ 

 Ö òËɢ�ĖƶǍáëɣ 

 

14:50ɤ15:05 �İ 

 

�ĕɃɦÖ òË� 

15:05ɤ15:50 I-2 Aj8=ɔçɚĢɂ·ǖçȉũ$/2ɔ��éħLgTl%ŵȩȉũ 

 Ⱥŧ ǂŸɢj8[C8;oGĵǾØƲƺǊIoJqɣ 
 
15:50ɤ16:15 O-2 DNA5ƥ
2RUǖçɑÃ�%ȶÄ§ġ 

 ©Ʀ Ƣãɢ©ƦW8=ČëƺǊõɣ 

 

16:15ɤ16:30 �İ 

 

�ĕɃɦƦº âđ� 

16:30ɤ17:15 I-3 ȼç´ëƺǊ%řŌ%āɅɦĽ±ƝĮơȖp¼ĥǠȠǤpK8RcAG 

 ŽŻ ĤzɢµƍȮáëɣ 
 
17:15ɤ17:40 O-3 ·r¤ç$�2;Tl@qǆ±pÞŀ 

 Ƚ ŚƉɢKimǿɖƩɖǃëƺǊõɣ 

 

18:00ɤ20:00 Ĭȅ�ŀ�ɢēƄAj\ɣ 

 

 

2 áĖŰ2018 È 2 ç 14 áŪþū  
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�ĕɃɦȽ ŚƉ� 

9:15ɤ10:00 I-4 őɆɓ%Ɍăŵȩ"´ë 

 Ąş ŗɢŦ�áëɣ 
 
10:00ɤ10:25 O-4 �¾öJoXAț%[:dPǄŵȩÞ´%ȇƔ"�%ƤƛƱźǯưƠ$ 

   �2ĬÇ 

 Ʀº âđɢƦº¤ç¤�ƺǊõɣ 

 

10:25ɤ10:40 �İ 

 

�ĕɃɦŦ �ǽ� 

10:40ɤ11:25 I-5 ȼçAjGJq!Ȕ+ȉ�ƛț%Ɍăŵȩ 

 wţ ɋÂɢŦ�ČŲáëɣ 
 
11:25ɤ11:50 O-5 KwɆçŤǦŮĿŭôɞ 

 Ćĉ ɐĜɢĆĉ�ǏwɆçƺǊõɣ 
 
11:50ɤ12:15 O-6 GeV RIYqd5ƥ
�Ō#mqDqŮ¤�ȀǨ%Ʌư 

 tȻ ǂŸɢtȻŮ¤�ƺǊõɣ 

 

12:15ɤ13:30 œɛ 

 
�ĕɃɦĆĉ ɐĜ� 
13:30ɤ14:15 I-6 ¡¹ºçƀ�5ƥ
�ų�Ɠȼçƛț%ôɞƱEchmqio 

 Ùȟ ïrɢŦ�áëɣ 
 
14:15ɤ14:40 O-7 Ʒǋw$êǍ��¤ç% excitation" dynamics%ȉŐ$Ä�  

 Ŧ �ǽɢŦºç¤çƛơƺǊõɣ 

 

14:40ɤ14:55 �İ 

 

�ĕɃɦtȻ ǂŸ� 

14:55ɤ15:40 I-7 Î�$�2«ưħǖç ɤ G?lc=o 

 ƁɃ ƴ�ɢ«ưƛħǃëƺǊIoJqɣ 
 
15:40ɤ16:05 O-8 ¤çħȼçGZoƎ�$�2GZopɔǹpȡȮpůçǲƧĔ 

 ǻ ƿsɢǻ¤çƛħƺǊõɣ 

 

16:05ɤ16:10 Ǟ41$ 
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「物質階層原理研究」&「ヘテロ界面研究」合同春合宿 
 
日時：2018 / 5 / 11 (金)  13 : 00 – 22 : 00 

5 / 12 (土)   9 : 30 – 15 : 20 
場所：かんぽの宿 熱海本館（静岡県熱海市水口町 2-12-3） 
 

プログラム 

Time table ( May 11 ) 
13:00 - 13:05    はじめに 
       加藤 礼三（理化学研究所 加藤礼三分子物性研究室） 
 
13:05 – 13:15   ヘテロ界面概要説明 
       金 有洙（理化学研究所 Kim表面界面科学研究室） 
 
Chair – 金 有洙 
13:15 - 13:55  O-01 糖鎖の不均一性による生体内パターン認識 

田中 克則（理化学研究所 田中生体機能合成化学研究室） 
 
13:55 - 14:25  O-02 電気化学界面の微視的理解に向けた In situ及びEx situ手法の開発 

横田 泰之（理化学研究所 Kim表面界面科学研究室） 
 
14:25 - 14:55  O-03 二次元蛍光寿命相関分光法を用いた生体高分子の構造形成機構の研究 
       石井 邦彦（理化学研究所 田原分子分光研究室） 
 
14:55 - 15:15  Coffee break 
 
Chair – 岩崎 雅彦 
15:15 - 15:55  O-04  レーザー冷却原子・イオン混合系で探究する極低温物理 

向山 敬（大阪大学 基礎工学研究科） 
 
15:55 - 16:25  O-05  超流動ヘリウム液滴中で探る低温分子イオンの物理 

久間 晋（理化学研究所 東原子分子物理研究室） 
 
16:25 - 16:55  O-06  超流動ヘリウム中原子の超高速分光測定によるダイナミクス研究へ向けて 

松尾 由賀利（法政大学理工学部） 
 
16:55 - 17:15  Coffee break 
 
Chair – 加藤 雄一郎 
17:15 - 17:55  Panel discussion 

パネラー  山本 浩史（分子科学研究所） 
         高峰 愛子（理化学研究所 仁科加速器科学研究センター 核分光研究室） 
         横田 泰之（理化学研究所 Kim表面界面科学研究室） 
         梅野 太輔（千葉大学大学院工学研究院） 

神田 聡太郎（理化学研究所 仁科加速器科学研究センター 中間子研究室） 
         金 栄鎮（理化学研究所 前田バイオ工学研究室） 
17:55 - 18:00  Break 
 
18:00 - 20:00  意見交換会 (at 大広間) 
20:00 - 22:00  Poster session (at サンレモ) 
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Time table ( May 12 ) 
Chair - 加藤 礼三 
9:30 - 10:10  O-07 氷における水分子の配向秩序と表面での構造乱れ 

松本 吉泰（豊田理化学研究所） 

 
10:10 - 10:40  O-08  磁気熱量測定による有機三角格子磁性体における量子スピン液体の研究 

       磯野 貴之（理化学研究所 加藤礼三分子物性研究室） 

 

10:40 - 11:10  O-09  Room-temperature single photon emission from carbon nanotubes 
石井 晃博（理化学研究所 加藤ナノ量子フォトニクス研究室） 

 

11:10 - 11:30  Coffee break 
 
Chair – 上野 秀樹 
11:30 - 12:10  O-10  重いクォークを探針としてバリオン内部のクォークの動きを探る 

野海 博之（大阪大学 核物理研究センター） 

 
12:10 - 12:40  O-11 K中間子原子核探索実験の現状、及び、今後の展開 

佐久間 史典（理化学研究所 仁科加速器科学研究センター 中間子研究室） 

 

12:40 - 13:30  Lunch 
 
Chair – 田原 太平 

13:30 - 14:10  O-12 センサと制御ネットワーク機能の「生まれ方」 
梅野 太輔（千葉大学大学院工学研究院） 

 
14:10 - 14:40  O-13  Laminar flow dendritic amplification-assisted microRNA detection  

on a power-free microfluidic chip 
       金 栄鎮（理化学研究所 前田バイオ工学研究室） 

 
14:40 - 15:10  O-14 ヒトの鉄吸収機構を原子・分子 ⇔ 細胞・組織の階層で相互に理解する 
       澤井 仁美（兵庫県立大学 大学院生命理学研究科） 

 
15:10 - 15:20  おわりに
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Poster session (5/11 night) 
 
P-01 Studying Negative Ions in Cryogenic Electrostatic Ion Storage Rings 

Kiattichart Chartkunchand（Atomic, Molecular, and Optical Physics Laboratory） 

 
P-02 枯渇効果で見るDNAナノ粒子の分散安定性 

藤田 雅弘（理化学研究所 前田バイオ工学研究室） 
 
P-03 先端増強ラマン分光法による極限的空間分解能への挑戦 
  早澤 紀彦（理化学研究所 Kim表面界面科学研究室） 
 
P-04 STMを用いた分子系エネルギーダイナミクスの研究 

今田 裕（理化学研究所 Kim表面界面科学研究室） 
 
P-05 ニュートリノ質量分光へ向けた3光子放出過程の増幅実験 
  今村 慧（岡山大学 異分野基礎科学研究所 量子宇宙研究コア） 
 
P-06 エレクトロスプレー・冷却イオントラップ法による 

K+イオンチャンネル部分ペプチド・アルカリ金属イオン錯体の赤外分光 
  石内 俊一（東京工業大学化学生命科学研究所） 
 
P-07 ミュオン水素原子の精密レーザー分光による陽子半径の測定 
  神田 聡太郎（理化学研究所 仁科加速器科学研究センター 中間子研究室） 
 
P-08 核破砕反応を用いた高スピンアイソマーの生成 
  川田 敬太（理化学研究所 仁科加速器科学研究センター 核分光研究室） 
 
P-09 単一分子プラズモン誘起化学反応の実空間・実時間観測 

數間 惠弥子（理化学研究所 Kim表面界面科学研究室） 
 
P-10 アト秒精度で制御されたパルス対によるフーリエ変換2次元電子分光 

倉持 光（理化学研究所 田原分子分光研究室） 
 
P-11 波長領域における空気モードナノビーム共振器と単一カーボンナノチューブの光結合の制御 

町屋 秀憲（理化学研究所 加藤ナノ量子フォトニクス研究室） 
 
P-12 λ-(STF)2GaCl4の圧力下超伝導相と隣接する常磁性相の磁気的性質 

南舘 孝亮（理化学研究所 加藤分子物性研究室） 
 
P-13 スピン偏極 23Neを用いたZnO単結晶電場勾配測定 

西畑 洸希（理化学研究所 仁科加速器科学研究センター 核分光研究室） 
 
P-14 ミリ波を用いた電子スピン共鳴／サイクロトロン共鳴装置の開発 
  大島 勇吾（理化学研究所 加藤分子物性研究室） 
 
P-15 同位体プログラミングによる単層カーボンナノチューブの成長過程追跡 

大塚 慶吾（理化学研究所 量子オプトエレクトロニクス研究チーム） 
 
P-16 ユーグレナの青色光忌避応答のシグナルパス 
  尾笹 一成（理化学研究所 前田バイオ工学研究室） 
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P-17 能動帰還型核スピンメーザーを用いたスピン歳差周波数測定における誤差とその低減 
佐藤 智哉（理化学研究所 仁科加速器科学研究センター 核分光研究室） 

 
P-18 入射核破砕反応で得られる不安定核ビームに対するコリニアレーザー分光装置の開発 

田島 美典（理化学研究所 仁科加速器科学研究センター 核分光研究室） 
 
P-19 RFトラップの原理を応用した超低速不安定核ビーム生成装置の開発 

高峰 愛子（理化学研究所 仁科加速器科学研究センター 核分光研究室） 
 
P-20 Ne二量体の二光子吸収二電子励起による原子間クーロン緩和過程の時間分解測定 

高梨 司（理化学研究所 田原分子分光研究室） 
 
P-21 DNA修飾ナノ粒子集合体の会合操作 

宝田 徹（理化学研究所 前田バイオ工学研究室） 
 
P-22 時間分解可視・赤外吸収分光を用いた一酸化窒素還元酵素が触媒するNO還元反応の直接観測 

武田 英恵（兵庫県立大学大学院 生命理学研究科 生命科学専攻） 
 
P-23 Molecular screening effects on trion binding energies and electronic band gaps  

in air-suspended carbon nanotubes 
田中 駿介（理化学研究所 加藤ナノ量子フォトニクス研究室） 

 
P-24 トリフェニルアミン骨格を持つ混合原子価分子の電荷/スピン移動 

上辺 将士（理化学研究所 加藤分子物性研究室） 
 
P-25 超流動ヘリウム中 In原子の偏極生成に向けたパルスTi:Saレーザーの開発 
  矢田 智昭（法政大学大学院 理工学研究科） 
 
P-26 QM/MM法に基づく生体分子の非調和振動解析 

八木 清（理化学研究所 杉田理論分子科学研究室） 
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2018 ÈÊ  

)ċľŝ¿�čęġ*ũ)fXsĒŤęġ*  

ęġ«£�  
2019 È 2 ç 5 áŪĊūŬ6 áŪþū 

à� č�µęġÖ Ŗêò±Ŏgvr 

 
 

1 áĖŰ2019 È 2 ç 5 áŪĊū  
13:30ɤ13:40 ŴȄȓŐɢǻ ƿsɣ 
 
�ĕɃɦÖ òË� 
13:40ɤ14:25 I-1 ����������������������������� 
 ɟŹ Ǭɢà�ƛțǃëƺǊĳɥŦµáëɣ 
 
14:25ɤ14:55 O-1 |Ż�Ǽ�úÈƵɇ¤�$/2 RNAk`G8ML%b8AnǄɘ×% 
   Ķ1ƭ+źŵ 
 Ʀº âđɢƦº¤ç¤�ƺǊõɣ 
 
14:55ɤ15:20 O-2 ������������������ț 
  -��������������	�����
�� 
 ǻ~ żŐɢǃëĵǾ«ıƺǊɊɥŦ�ČŲáëɣ 
 
15:20ɤ15:35 �İ 
 
�ĕɃɦƦº âđ� 
15:35ɤ16:20 I-2 �¾öÕǱJoXAțpĢƤƛÕnQ]Eo%ƛơ´ëƺǊ 
 ~t ÓrɢƛħƺǊĳɥŦ�áëɣ 
 
16:20ɤ16:50 O-3 Ƥ��ȿ±ĮɦƤ�Ǳ5ȧ��ȿ%½1Ȥ+ 
 Ö òËɢƤÈơëƺǊǃɥ�ĖƶǍáëɣ 
 
16:50ɤ17:20 O-4 ·ă>q`oRULhq\%Ő2
®ȝç"Ř
®ȝç 
 ǻ ɏrȳɢǻRUȼç[<PSAGƺǊõɣ 
 
17:45ɤ19:45 Ĭȅ�ŀ�ɢēƄAj\ɣ 
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2 áĖŰ2019 È 2 ç 6 áŪþū  
 
�ĕɃɦtȻ ǂŸ� 

9:15ɤ10:00 I-3 �ůçȺ�ǚĐƒȌ$/2Øşùǅħ%ƻ3%ƺǊ 
  ȷȅ ƈøɢºçŮǃëƺǊIoJqɥŦ�áëɣ 

 
10:00ɤ10:30 O-5 êǍ¤ç8=o%ņü¡¹ȭǇ 
   Ŧ �ǽɢŦºç¤çƛơƺǊõɣ 
 
10:30ɤ10:45 �İ 
 
�ĕɃɦŦ �ǽ� 
10:45ɤ11:15 O-6 ¤ȻɆĵǾȪŁ$/2ºçpŮƛơÜƩɘ×ƺǊ 
  tȻ ǂŸɢtȻŮ¤�ƺǊõɣ 
 
11:15ɤ11:45 O-7 ºçŮ%w%Ɍăŵȩ"�%ŌāɅ 
 Ćĉ ɐĜɢĆĉ�ǏwɆçƺǊõɣ 
 
11:45ɤ12:10 O-8 �������������®ȝƝĮ%ƺǊ 
 Ȼƍ ¸yɢŮƛơƺǊIoJqɥáɈáëɣ 
 
12:10ɤ13:35 œɛ 
 
�ĕɃɦǻ ɏrȳ� 
13:35ɤ14:20 I-4 RUŵȩ%�ëĥǓ"�ÑŃ� 
  ƹº rɢƛț«ıûŅŞťƛțɘ×ɥáɈáëɣ 
 
14:20ɤ14:50 O-9 ÿĳƩɖ$�2;Tl@qǆ±pÞŀpŇȬȭǇ%ơȉɦ 
  ǿɖ]jHfo$/2·r¤ç´ë¼ĥ%§ġ 
  Ƚ ŚƉɢKimǿɖƩɖǃëƺǊõɣ 
 
14:50ɤ15:15 O-10 ¤ç^NnƩɖ5ƥ
�ɔçOW8GƺǊ 
  Ąş ƌÀɢ¶å¤çEGNdƺǊIoJqɥ¤çǃëƺǊĳɣ 
 
15:15ɤ15:30 �İ 
 
�ĕɃɦȽ ŚƉ� 
15:30ɤ16:00 O-11 ·rı¤¤çħý�%Ʌư 
 ǻ ƿsɢǻ¤çƛħƺǊõɣ 
 
16:00ɤ16:30 O-12 DNAɆƵ}�ƥ$Ø��RUǖç%ǟǧ´ 
  ©Ʀ Ƣãɢ©ƦW8=ČëƺǊõɣ 
 
16:30ɤ16:40 Ʉ�ļĺɢþí Ⱥã ơ{ɣ 
 
16:40ɤ16:45 Ǟ41$ɢȽ ŚƉɣ 
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ǐ 5Í ExpRes DojoȮÛ 

― Ɣñ5ń�2ØşȄǚ“Sample & Probe” ― 

A Joint Workshop of Pioneering Projects 
“Fundamental Principles Underlying the Hierarchy of Matter: A Comprehensive Experimental Study” 

�ƛțɌă%ºơ5ĿƂ�2ǢÃƱôɞƺǊ�& 
 “Heterogeneity at Materials Interfaces”�^NnƩɖƺǊ� 

 
Date: January 14 (Tue.) 2020� 15:00 - 17:00 

Venue: RIBF Conference Room (2F) 
 
15:00 - 16:00� ňɆ ĪĘçɢKimǿɖƩɖǃëƺǊõɣ 

 ȜŭPoTlɚĢɂ$/2Ģþųɉ%�ǃë5ôƠ�2]jHfSMAȽĂĿȾ%Ʌư 

Development of plasmonic metal probes for the realization of ultimate� spectroscopies and 

chemical reactions with a scanning tunneling microscope 
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9>:����������� / International interaction�foster the 
team members 

 
�  çɹ�Ɲuöç�ǒ�ƽÐ�§,ĉǽ  / International interaction, foreign trainees 
u� ěĞ|ɲāǜąǒǢċ 

IPA 7ʕʃçʙ�|çʙ�frvD1ʚ�3tSVD1ʛʖ� 
JRA 6ʕ3tSVD1 5�aRThʙʖ 

u� yɦż±¦ǒǢċ 
IPA 2ʕ|ç 1�4Ga;FKt 1ʖ 

u� ŷÍā±āƳƻǒǢċ 
IPA 1ʕ]otFʖ 

u� ƿÍ±ā±¦ǒǢċ 
ĉȃƽ 2ʕ3tS�S3Oʖ�ȫàǒǢß 4ʕ3tS�|ç�3<pFʖ 

u� KimȟʂǁʂǜąǒǢċ 
îǕǜąƴ´ǒǢß 4ʕ]2p\t 1�|ç 2�ʃç 1ʖ�ȫàǒǢß 1ʕ1ip9ʖ� 
ƴ´ǒǢß 6ʕʃç 2�]2p\t 2�K3 1�9TL 1ʖ�Ç»ǒǢß 1ʕʃçʖ� 
IPA 4ʕʃç 1�|ç 2�]2p\t 1ʖ�JRA 1ʕʃçʖ�ĉȃƽ 1ʕʃçʖ�ǒ�ƽ 1ʕʃçʖ 

u� ¼Ț±āƳĿǒǢċ 
IPA 1ʕ]otFʖ�JRA 2ʕʃç 2ʖ�ȫàǒǢß 1ʕeqR:qʖ 

u� ¹ƿY38ġąǒǢċ 
îǕǜąƴ´ǒǢß 2ʕ|ç 1�ʃç 1ʖ�ƴ´ǒǢß 1ʕK3ʖ�ȫàǒǢß 1ʕÓƧʖ� 
IPA 2ʕ|ç 1�K3 1ʖ�ǒ�ƽ 1ʕÓƧʖ�ĊßǒǢß 1ʕ|çʖ 

u� ǳȆ¶ĺą ⅡǒǢċ�ªıǋǥø 
ʁĩÂǒǢß 1ʕ3<pFʖ 

u� ¼ȚTWɧā]7RU=FǒǢċ 
ȫàǒǢß 2ʕ3tSVD1�3tSʖ�ĉȃƽ 1ʕS3Oʖ 

u� ±āǜąǒǢņęŲ>qv_ 
3tKvtDN_ƽ 6ʕK3 4�]otF 1�3tS 1ʖ�Ǹǒøƽ 1ʕK3ʖ�ȫàǒǢß 1 
ʕsD1ʖ 

u� ŷġøȚ�ǒǢċ 
ƩĊßȓŇǒǢß 2ʕS3Ou]otFʖ�ĊßǒǢß 1ʕ8otLʖ� 
WRHIƴ�řŒ 6ʕ1ip9�S3O�]otF 2�<pDk�8otLʖ 

u� ø ɴ ø ą ż Ƴ ƻ ǒ Ǣ H t K vuJ-PARC > qv_ 
  çɹƳƻAvFL^qQ2>pv_s>ohÊôȴǟ 1ʕ9C]FKtʖ 
 
�  ÐɁ / Awards 
1. S. WinarsihʕěĞ|ɲāǜąǒǢċuIPAʖʞRIKEN Exchange Meeting, Poster PrizeʕStudent Sectionʖ 
2. R. RamadhanʕěĞ|ɲāǜąǒǢċuIPAʖʞRIKEN Summer School 2017, Poster Prize (in Physicsʖ 
3. F. AstutiʕěĞ|ɲāǜąǒǢċuJRAʖʞInternational Workshop on Organic Molecule Systems, Batu 

Feringgih, Malaysia 2017, Poster Prize 
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4. D. P. SariʕěĞ|ɲāǜąǒǢċuĊßǒǢßʖʞInternational Workshop on Organic Molecule 
Systems, Batu Feringgih, Malaysia 2017, Poster Prize 

5. J. AngelʕěĞ|ɲāǜąǒǢċuJRAʖʞThe 4th International Conference on Functional Materials 
Science 2018, Bali, Indonesia, Poster Prize 

6. S. WinarsihʕěĞ|ɲāǜąǒǢċuIPAʖʞThe 4th International Conference on Functional Materials 
Science 2018, Bali, Indonesia, Poster Prize 

7. S. WinarsihʕěĞ|ɲāǜąǒǢċuIPAʖʞRIKEN Summer School 2019, Poster PrizeʕBest 
Presentationʖ 

8. S. WinarsihʕěĞ|ɲāǜąǒǢċuIPAʖʞRIKEN Summer School 2019, Poster Prizeʕin Physicsʖ 
9. ěĞ ɻķʕěĞ|ɲāǜąǒǢċu}�ǒǢßʖʞǨ 1äƻǒſĜɁʕ2019Ĭʖ 
10. Ȥǂ ƛĦʕyɦż±¦ǒǢċuȫàǒǢßʖʞǨ 24äÍāżȶȮ�Š�Ɂʕ2017Ĭ 10Ůʖ 
11. |ɦ ǗÕʕŷÍā±āƳƻǒǢċuĒ�ǒǢßʖʞŢŲƳƻą�ȓŇü¾Ɂʕ2018Ĭ 3Ůʖ 
12. ƿÍ ùīʕƿÍ±ā±¦ǒǢċu}�ǒǢßʖʞŢŲ±¦ą�Ɂʕ2017Ĭ 5Ůʖ 
13. �Ő ¦ʕƿÍ±ā±¦ǒǢċuǒǢßʖʞŢŲ±¦ą�ü¾Ɂʕ2017Ĭ 5Ůʖ 
14. ƿÍ ɗ�ʕƿÍ±ā±¦ǒǢċuƴ´ǒǢßʖʞīŃ 29ĬįŢŲ±¦ą�ĬƈȹƬ� 
ȓŇȹƬɁʕ2017Ĭ 5Ůʖ 

15. �Ő ¦ʕƿÍ±ā±¦ǒǢċuǒǢßʖʞ13th Femtochemistry Conference Most Surprizing Results 
Awardʕ2017Ĭ 8Ůʖ 

16. ƿÍ ùīʕƿÍ±ā±¦ǒǢċu}�ǒǢßʖʞǨ 8ä±āǜą�Ɂʕ2017Ĭ 9Ůʖ 
17. ɯȼĠ wɒʕƿÍ±ā±¦ǒǢċuǒ�ƽʖʞǨ 11ä±āǜą�¢ǛeFKvɁ 
ʕ2017Ĭ 11Ůʖ 

18. ƿÍ ùīʕƿÍ±ā±¦ǒǢċu}�ǒǢßʖʞOutstanding Contribution to Raman Spectroscopy
ʕ2018Ĭ 3Ůʖ 

19. �Ő ¦ʕƿÍ±ā±¦ǒǢċuǒǢßʖʞŢŲÃą�¢ǛȹƬɁʕąȞ)ʕ2018Ĭ 4Ůʖ 
20. Mohammed AhmedʕƿÍ±ā±¦ǒǢċuƴ´ǒǢßʖʞ26th International Conference on Raman 

Spectroscopy Best Poster Awardʕ2018Ĭ 8Ůʖ 
21. êÑ Ȁĭ(ƿÍ±ā±¦ǒǢċuƴ´ǒǢß)ʞŢŲƽƳƳƻą�ȓŇü¾Ɂʕ2018Ĭ 9Ůʖ 
22. �Ő ¦ʕƿÍ±ā±¦ǒǢċuǒǢßʖʞPCCP Prizeʕ2019Ĭ 3Ůʖ 
23. ƿÍ ɗ�ʕƿÍ±ā±¦ǒǢċuƴ´ǒǢßʖʞŢŲÃą� ¢ǛȹƬɁʕąȞʖʕ2019 Ĭ 4
Ůʖ 

24. ƿÍ ùīʕƿÍ±ā±¦ǒǢċu}�ǒǢßʖʞTRVS “Lifetime Achievement” Award 
ʕ2019Ĭ 9Ůʖ 

25. ƿÍ ùīʕƿÍ±ā±¦ǒǢċu}�ǒǢßʖʞMizushima Raman Lecture Awardʕ2020Ĭ 2Ůʖ 
26. �Ő ¦ʕƿÍ±ā±¦ǒǢċuǒǢßʖʞ�Ý 2ĬŞɠǜąøȊȟĸʕȓŇǜąɁʖ 
ʕ2020Ĭ 4Ůʖ 

27. �Ő ¦ʕƿÍ±ā±¦ǒǢċuǒǢßʖʞ�Ý 2Ĭ±āǜąǒǢü¾ƀɦîɨ 
ʕ2020Ĭ 8Ů�ćʖ 

28. �ƿ ȢʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞThe 8th RIKEN Research Incentive Award 
ʕ2017Ĭ 3Ůʖ. 

29. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞǨ 6ä TWF?vq±āQY3F 
ȓŇȹƬ�ȹƬ¢ǛɁʕ2017Ĭ 3Ůʖ 
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30. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞŢŲȟʂǜą�ȹƬü¾Ɂ 

ʕFMlvQtRɠɰʖʕ2017Ĭ 5Ůʖ 

31. �ƿ ȢʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞŢŲȟʂǜą�ȹƬü¾ɁʕȓŇǒǢȄɠɰʖ

ʕ2017Ĭ 5Ůʖ 

32. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞŢŲÃą�Ǩ 7ä CSJÃą]5FK 

¢ǛeFKvɁʕ2017Ĭ 10Ůʖ 
33. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞǨ 7ä TWF?vq±āQY3F 

ȓŇȹƬ�¢ǛȹƬɁʕ2018Ĭ 1Ůʖ 

34. Emiko KazumaʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞPoster Award (Engineering Prize),  

SPDR and FPR program screening subcommittee in RIKENʕ2018Ĭ 1Ůʖ 

35. ɨ ůƚʕKimȟʂǁʂǜąǒǢċu}�ǒǢßʖʞīŃ 30ĬįǜąňȞ±ɦ� 

ŞɠǜąøȊȟĸʕ2018Ĭ 4Ůʖ 
36. �ƿ ȢʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞƻǒſĜɁʕ2018Ĭ 6Ůʖ 

37. ɨ ůƚʕKim ȟʂǁʂǜąǒǢċu}�ǒǢßʖ��ƿ ȢʕKim ȟʂǁʂǜąǒǢċuǒǢ

ßʖʞŢŲąȞőȍ�TW_sv^P=WsEvǨ 167 ÿß�TW_sv^P=WsEvɁ

ʕ2018Ĭ 7Ůʖ  

38. Emiko KazumaʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞACSIN-14 & ICSPM26 Young Researcher 

Awardʕ2018Ĭ 10Ůʖ  
39. Chi ZhangʕKimȟʂǁʂǜąǒǢċuîǕǜąƴ´ǒǢßʖʞACSIN-14 & ICSPM26 

Young Researcher Awardʕ2018Ĭ 10Ůʖ 

40. ɨ ůƚʕKimȟʂǁʂǜąǒǢċu}�ǒǢßʖʞŢŲÃą�Ǩ 36äąȞɁʕ2019Ĭ 3Ůʖ 

41. �ƿ ȢʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞŢŲƳƻą�ȓŇü¾Ɂʕ2019Ĭ 3Ůʖ 

42. ŝɲ ŀĳāʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞThe 10th RIKEN Research Incentive Award 

ʕ2019Ĭ 3Ůʖ 
43. �� %'!ʕKim ȟʂǁʂǜąǒǢċuǒ�ƽʖʞŢŲƳƻą�ąƽ¢ǛǆȟɁʕ2019 Ĭ 3

Ůʖ  

44. �� %'!ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞǨ 8ä TWF?vq±āQY3F 

ȓŇȹƬ�ȹƬ¢ǛɁʕ2019Ĭ 3Ůʖ 

45. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞŢŲȟʂǌǣą�ȹƬü¾Ɂ 

ʕFMlvQtRɠɰʖʕ2019Ĭ 5Ůʖ  
46. ŝɲ ŀĳāʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞīŃ 31ĬįȒƸǜąü¾Ɂʕ2019Ĭ 6Ůʖ  

47. �ƿ ȢʕKim ȟʂǁʂǜąǒǢċuǒǢßʖ�xɌ ɞ~ʕKim ȟʂǁʂǜąǒǢċuĊßǒ

Ǣßʖ��� %'!ʕKimȟʂǁʂǜąǒǢċuƴ´ǒǢßʖ�ƖÍ ǙùʕKimȟʂǁʂǜą

ǒǢċuǒ�ƽʖ�űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖ�ɨ ůƚʕKimȟʂǁʂǜ

ąǒǢċu}�ǒǢßʖʞŢŲȟʂǌǣą��ȰɁʕ2019Ĭ 10Ůʖ 

48. �� %'!ʕKimȟʂǁʂǜąǒǢċuƴ´ǒǢßʖʞICSPM27 Poster Awardʕ2019Ĭ 12Ůʖ  
49. Shunji YamamotoʕKimȟʂǁʂǜąǒǢċuîǕǜąƴ´ǒǢßʖʞPoster Award (Physics Prize), 

SPDR program screening subcommittee in RIKENʕ2020Ĭ 1Ůʖ 

50. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞŷ�øąǸɯɁʕ2020Ĭ 3Ůʖ  

51. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞŷ�øąŠʇíºŃǜąǒǢǜǒǢǜɯɁ 

ʕ2020Ĭ 3Ůʖ   
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52. űŴ ȸ�ʕKimȟʂǁʂǜąǒǢċuǒ�ƽʖʞǨ 47äľƾƳƻą�ȹƬü¾Ɂ 
ʕ2020Ĭ 3Ůʖ 

53. ŝɲ ŀĳāʕKimȟʂǁʂǜąǒǢċuǒǢßʖʞǨ 69äŢŲÃą�ɗƌɁʕ2020Ĭ 3Ůʖ 
54. ¼Ț ǖxʕ¼Ț±āƳĿǒǢċu}�ǒǢßʖʞǨ 8ä±āǜą�Ɂʕ2017Ĭ 9Ůʖ 
55. ǔɦ ȿ~ʕ¼Ț±āƳĿǒǢċuƴ´ǒǢßʖʞŢŲƳƻą�ȓŇü¾Ɂʕ2017Ĭ 10Ůʖ 
56. ÈȎ ă�ʕ¼Ț±āƳĿǒǢċuƴ´ǒǢßʖʞ“ISCOM2019 Poster Award”ʕ2019Ĭ 9Ůʖ 
57. Ƹ çłʕ¹ƿY38ġąǒǢċuîǕǜąƴ´ǒǢßʖʞ“NMS-XIII Excellent Poster Prize Award”
ʕ2017Ĭ 10Ůʖ 

58. S. Chuaychobʕ¹ƿY38ġąǒǢċuIPAʖ, M. Fujita, and M. MaedaʞǨ 40ä 
ŢŲY38fPp1qą�¢ǛǒǢeFKvɁʕ2018Ĭ 11Ůʖ 

59. èŅ ¢Ľʕ¹ƿY38ġąǒǢċuÇ»ǒǢßʖʞŢŲ±źÃą�ɳŷŗɠ 2018ĬįŠ{ǯ
Š�Ɂʕ2019Ĭ 1Ůʖ 

60. � »ʕ¹ƿY38ġąǒǢċuIPAʖʞǨ 68äʒ±āą�Ĭƈø�¢ǛeFKvɁ 
ʕ2019Ĭ 5Ůʖ 

61. S. Chuaychobʕ¹ƿY38ġąǒǢċuIPAʖʞ“RIKEN Summer School 2019 Poster Awardʞ 
Chemistry Prize & Special Prize for Most Inclusive Presentation”ʕ2019Ĭ 10Ůʖ 

62. S. Chuaychobʕ¹ƿY38ġąǒǢċuIPAʖʞ “Trace Analysis and Biosensor International 
Symposium IʞBest Poster Presentation”ʕ2020Ĭ 2Ůʖ 

63. Rahman MD MahfuzurʕªıǋǥøǳȆ¶ĺą Ⅱ ȹİuD2 ąƽʖʞ2018 Student Research 
Achievement Award, 62nd Biophysical Society Meeting ʕ2018Ů 2Ůʖ 

64. Menega GanasenʕªıǋǥøǳȆ¶ĺą ⅡȹİuD3ąƽʖʞǨ 18äŢŲțǇɃǜą�Ĭ� 
eFKvɁʕ2018Ĭ 6Ůʖ 

65. ƭ� �ȀʕªıǋǥøǳȆ¶ĺą Ⅱȹİu½řʖʞǨ 42äŢŲɫY38B36tFą� 
ąȞü¾Ɂʕ2018Ĭ 9Ůʖ 

66. Ƌƿ ȔŀʕªıǋǥøǳȆ¶ĺą ⅡȹİuD2ąƽʖʞǨ 56äŢŲƽƳƳƻą�Ĭ� 
ąƽǆȟɁʕ2018Ĭ 9Ůʖ 

67. Menega GanasenʕªıǋǥøǳȆ¶ĺą ⅡȹİuD3ąƽʖʞǨ 91äŢŲƽÃą�ø� 
ȓŇ¢ǛǆȟɁʕ2018Ĭ 9Ůʖ 

68. Ƌƿ ȔŀʕªıǋǥøǳȆ¶ĺą ⅡȹİuD2ąƽʖʞªıǋǥø� Ǐ��ƝDteE4h 2018�
¢ǛeFKvɁʕ2018Ĭ 9Ůʖ 

69. Ƌƿ ȔŀʕªıǋǥøǳȆ¶ĺą ⅡȹİuD2ąƽʖʞRIKEN Summer School 2018, Poster Award 
Chemistry Prize ʕ2018Ĭ 9Ůʖ 

70. Ƌƿ ȔŀʕªıǋǥøǳȆ¶ĺą ⅡȹİuD3ąƽʖʞ15th International Symposium on Applied 
Bioinorganic Chemistry ʕûȐʖ� Student Award�ʕ2019Ĭ 6Ůʖ 

71. ì ĈáʕªıǋǥøǳȆ¶ĺą ⅡȹİuřŒʖʞɬ�Ãą�ȾƶɁʕ2019Ĭ 9Ůʖ 
72. Ǒ� ŧÊʕ¼ȚTWɧā]7RU=FǒǢċuƴ´ǒǢßʖʞƻÃąǒǢņǨ 10 äǒǢü¾
ɁʕžȏɁʖʕ2019Ĭ 3Ůʖ 

73. ʆƿ ƻȝʕ±āǜąǒǢņu½řʖʞŞɠǜąøȊȓŇǜąȄɁʕ2018Ĭ 4Ůʖ 
74. ęŲ ƟÔʕ±āǜąǒǢņuřŒʖʞŢŲÃą�ąȞɁʕ2019Ĭ 3Ůʖ  
75. ęŲ ƟÔʕ±āǜąǒǢņuřŒʖʞƔ�ǜąňȞȽæąȞɁʕ2020Ĭ 3Ůʖ 
76. Ț� ƊŤʕȚ�ǒǢċuřŒʖʞ Ǩ 9ä±āǜą�ą�Ɂʕ2018Ĭ 9Ůʖ 
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77. ƿŴ Ĕ�ʕȚ�ǒǢċuM2ʖʞŷ�ġƃøąuøɷEkvTqɁʕ2019Ĭ 6Ůʖ 
78. Ț� ƊŤʕȚ�ǒǢċuřŒʖʞ]tdqRɁʕ2019Ĭ 6Ůʖ 
79. Ǒ« �wʕȚ�ǒǢċu®řŒʖʞǨ 4ä±āǜąçɹąȞɁʕ2019Ĭ 9Ůʖ 
80. øñ ƹȀûʕȚ�ǒǢċuM2)ʞǨ 13ä±āǜą�¢ǛȹƬɁʕ2019Ĭ 10Ůʖ 
81. ƿŴ Ĕ�ʕȚ�ǒǢċuM2)ʞǨ 13ä±āǜą�¢ǛeFKvɁʕ2019Ĭ 10Ůʖ 
82. ƿǦ %�ʕȚ�ǒǢċuM2)ʞǨ 13ä±āǜą�¢ǛeFKvɁʕ2019Ĭ 10Ůʖ 
83. Zhadyra Omarʕø ɴ ø ą ż Ƴ ƻ ǒ Ǣ H t K vuJ-PARC > q v _ uøąɶƽʖʞANPhA 3rd Prize 
ʕ2018Ĭ 8Ůʖ 

84. ɄǑ ȿ�ʕø ɴ ø ą ż Ƴ ƻ ǒ Ǣ H t K vuJ-PARC > q v _uøąɶƽ�©×ǒǢßʖʞ 
XSstmvCv��ôȷŞɁʕ2019Ĭ 3Ůʖ 

85. Zhadyra Omarʕø ɴ ø ą ż Ƴ ƻ ǒ Ǣ H t K vuJ-PARC > q v _ uøąɶƽʖʞANPhA 1st Prize 
ʕ2019Ĭ 9Ůʖ 

86. Zhadyra Omarʕø ɴ ø ą ż Ƴ ƻ ǒ Ǣ H t K vuJ-PARC > q v _ uøąɶƽʖʞHashimoto Prize 
ʕ2019Ĭ 9Ůʖ 

 
○�ų�ɋ°  / Promotion of young researchers 

1. ƆŲ ǉʕěĞ|ɲāǜąǒǢċuîǕƴ´ǒǢßʖʞŢŲąȞőȍ�uƴ´ǒǢßʕ2017Ĭ
4Ůʖ 

2. ǘƿ ȅùɟʕěĞ|ɲāǜąǒǢċuîǕƴ´ǒǢßʖʞʒ6Vq<v¼ɔâǒǢƇƅƳɃ
ƅɕǜąǒǢņu½řʕ2020Ĭ 1Ůʖ 

3. �Ț ũÞʕyɦż±¦ǒǢċuîǕǜąƴ´ǒǢßʖʞŷġøƻąɶu½řʕ2019Ĭ 4Ůʖ 
4. Ȥǂ ƛĦʕyɦż±¦ǒǢċuîǕǜąƴ´ǒǢßʖʞ�øąƻąǒǢɶu½řʕ2019 Ĭ 10
Ůʖ 

5. ĥĠ ɺwʕyɦż±¦ǒǢċuĒ�ǒǢßʖʞ�øąƻąǒǢɶu®řŒʕ2020Ĭ 4Ůʖ 
6. |ɦ ǗÕʕŷÍā±āƳƻǒǢċuĒ�ǒǢßʖʞǥřøąƻąɠu®řŒʕ2017Ĭ 4Ůʖ 
7. Ěƿ ��ʕŷÍā±āƳƻǒǢċuÇ»ǒǢßʖʞ|ɠøąġąɠu®řŒʕ2020Ĭ 4Ůʖ 
8. Paul BertierʕŷÍā±āƳƻǒǢċuIPAʖʞOxfordøąuPostDocʕ2017Ĭ 9Ůʖ 
9. �y ɂwʕƿÍ±ā±¦ǒǢċuîǕǜąƴ´ǒǢßʖʞŷÄøąøąɶƻąǒǢǜu½ř 
ʕ2017Ĭ 10Ůʖ 

10. ǧ« �ĬʕƿÍ±ā±¦ǒǢċuĒ�ǒǢßʖʞªıǋǥøąƻąɠuřŒʕ2018Ĭ 3Ůʖ 
11. ƞĝ ÛīʕƿÍ±ā±¦ǒǢċuƴ´ǒǢßʖʞŷ�ƻǜøąƻąɠu½řʕ2018Ĭ 3Ůʖ 
12. ƿÍ ɗ�ʕƿÍ±ā±¦ǒǢċuƴ´ǒǢßʖʞøɴøąøąɶƻąǒǢǜuJSPSƴ´ǒǢß
ʕ2018Ĭ 3Ůʖ 

13. �Ő ¦ʕƿÍ±ā±¦ǒǢċuǒǢßʖʞ±āǜąǒǢņu®řŒʕ2020Ĭ 3Ůʖ 
14. Holly WalenʕKimȟʂǁʂǜąǒǢċuȫàǒǢßʖʞSpace Dynamics Laboratory (US Government 

Research Agent)uSenior Scientistʕ2018Ĭ 6Ůʖ 
15. Bo YangʕKimȟʂǁʂǜąǒǢċuIPAʖʞXijing Univ., ChinauResearch Assistant Professorʕ2018
Ĭ 10Ůʖ 

16. ǔɦ ȿ~ʕ¼Ț±āƳĿǒǢċuƴ´ǒǢßʖʞąȃɶøąƻąɠu½řʕ2018Ĭ 6Ůʖ 
17. ĠƁ Ȃʒʕ¼Ț±āƳĿǒǢċuǒǢßʖʞŷɞøąƻąɠuȹħʕ2019Ĭ 4Ůʖ 
18. ÈȎ ă�ʕ¼Ț±āƳĿǒǢċuƴ´ǒǢßʖʞŷ�ƻǜøąƻąɠu½řʕ2020Ĭ 4Ůʖ 
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19. Ĵ čǚʕ¹ƿY38ġąǒǢċuȫàǒǢßʖʞÓƧġƃňȞǒǢɶuǒǢßʕ2018Ĭ 4Ůʖ 

20. Ƹ çłʕ¹ƿY38ġąǒǢċuîǕǜąƴ´ǒǢßʖʞ|çƠƙøąuřŒʕ2018Ĭ 4Ůʖ 

21. èŅ ¢Ľʕ¹ƿY38ġąǒǢċuÇ»ǒǢßʖʞţǠƿøą¥ɗƻġąɠu½ř 

ʕ2019Ĭ 4Ůʖ 

22. Rahman MD MahfuzurʕªıǋǥøǳȆ¶ĺą ⅡȹİuD2ąƽʖʞUniv. Texas Southwestern Medical 

CenterueFS=ʕ2018Ů 2Ůʖ 
23. Menega GanasenʕªıǋǥøǳȆ¶ĺą ⅡȹİuD3ąƽʖʞŷ�øąÅǜąǒǢņueFS=

ʕ2018Ĭ 12Ůʖ 

24. ƿ| ʐ�ʕ¼ȚTWɧā]7RU=FǒǢċuƴ´ǒǢßʖʞŷ�øąƳĿǒǢņu½řʕ2018

Ĭ 6Ůʖ 

25. ʆƿ ƻȝʕ±āǜąǒǢņu½řʖʞ�ɡøąġąɠu®řŒʕ2020Ĭ 4Ůʖ 

26. ČĞ ¤ķʕȚ�ǒǢċuƴć®řŒʖʞ
ȕ�ƓýāøąîĮǒǢɶȋƱǜąǮu®řŒ 
ʕ2019Ĭ 10Ůʖ 

27. Ǒ« �wʕȚ�ǒǢċu®řŒʖʞŷ�ġƃøąƻąɶuřŒʕ2020Ĭ 5Ůʖ 

28. ęń ŎĤʕżƳƻǒǢHtKvuřÁȣ�ßʖʞƻǒěĞ¥Ǧ|ɲāǒǢċuƴ´ǒǢß 

ʕ2018Ĭ 4Ůʖ 

29. ĖŸ ɺ�ʕżƳƻǒǢHtKvuƴ�ǒǢßʖʞKEKu½řʕ2018Ĭ 10Ůʖ 

30. ʒƆ ũ¸ʕżƳƻǒǢHtKvuƴ�ǒǢßʖʞƻǒĲȌŘēǹǒǢċuÇ»ǒǢß 
ʕ2019Ĭ 4Ůʖ 
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9?:)*18�+93���4:/ Budget (Institutional funding) 
 

$26��% 
Æ¬     

�ƃĬį Fiscal year 2017 2018 2019 

Ǹʉ 
ǒǢɀ Research 73,397 65,117 65,619 
��ɀ Personnel 28,764 37,044 34,381 
Ȫ Total 102,161 102,161 100,000 

Reizo KATO 
(including common 
budget for the project) 

ǒǢɀ Research 11,403 22,557 9,860 
��ɀ Personnel 11,158 1,204 140 
Ȫ Total 22,561 23,761 10,000 

Masahiko IWASAKI 
ǒǢɀ Research 5,600 2,109 8,099 
��ɀ Personnel 0 3,891 3,901 
Ȫ Total 5,600 6,000 12,000 

Hideki UENO 
ǒǢɀ Research 11,092 6,972 6,513 
��ɀ Personnel 1,508 4,528 4,987 
Ȫ Total 12,600 11,500 11,500 

Toshiyuki AZUMA 
ǒǢɀ Research 257 3,581 3,483 
��ɀ Personnel 12,343 7,919 8,017 
Ȫ Total 12,600 11,500 11,500 

Yousoo KIM 
ǒǢɀ Research 12,600 9,000 16,000 
��ɀ Personnel 0 0 0 
Ȫ Total 12,600 9,000 16,000 

Tahei TAHARA 
ǒǢɀ Research 8,845 2,043 1,284 
��ɀ Personnel 3,755 9,457 10,216 
Ȫ Total 12,600 11,500 11,500 

Mizuo MAEDA 
ǒǢɀ Research 12,600 4,699 10,056 
��ɀ Personnel 0 6,801 1,444 
Ȫ Total 12,600 11,500 11,500 

Yoshitsugu SHIRO 
ǒǢɀ Research 11,000 9,656 7,787 
��ɀ Personnel 0 3,244 3,713 
Ȫ Total 11,000 12,900 11,500 

Hiroyuki NOUMI 
ǒǢɀ Research — 2,000 2,000 
��ɀ Personnel — 0 0 
Ȫ Total — 2,000 2,000 

Masaaki FUJII 
ǒǢɀ Research — 2,500 537 
��ɀ Personnel — 0 1,963 
Ȫ Total — 2,500 2,500 
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Æ¬             

�ƃĬį Fiscal year 2018 2019 

Ǹʉ 
ǒǢɀ Research 68,821 61,859 
��ɀ Personnel 46,383 48,141 
Ȫ Total 115,204 110,000 

Yousoo KIM 
(including common budget 
for the project) 

ǒǢɀ Research 3,071 6,884 
��ɀ Personnel 13,033 8,816 
Ȫ Total 16,104 15,700 

Masahiko IWASAKI 
ǒǢɀ Research 8,086 5,770 
��ɀ Personnel 4,514 5,530 
Ȫ Total 12,600 11,300 

Hideki UENO 
ǒǢɀ Research 12,000 8,692 
��ɀ Personnel 0 3,208 
Ȫ Total 12,000 11,900 

Toshiyuki AZUMA 
ǒǢɀ Research 6,741 4,946 
��ɀ Personnel 5,859 6,354 
Ȫ Total 12,600 11,300 

Reizo KATO 
ǒǢɀ Research 2,907 11,300 
��ɀ Personnel 7,193 0 
Ȫ Total 10,100 11,300 

Tahei TAHARA 
ǒǢɀ Research 10,441 9,386 
��ɀ Personnel 2,159 1,914 
Ȫ Total 12,600 11,300 

Mizuo MAEDA 
ǒǢɀ Research 8,613 1,828 
��ɀ Personnel 3,987 9,472 
Ȫ Total 12,600 11,300 

Yoshitsugu SHIRO 
ǒǢɀ Research 7,447 4,832 
��ɀ Personnel 4,553 7,768 
Ȫ Total 12,000 12,600 

Yuichiro KATO 
ǒǢɀ Research 7,515 6,737 
��ɀ Personnel 5,085 4,563 
Ȫ Total 12,600 11,300 

Hiroshi YAMAMOTO 
ǒǢɀ Research 2,000 1,484 
��ɀ Personnel 0 516 
Ȫ Total 2,000 2,000 

 
 

� �
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$26��%�
�

�ƃĬį Fiscal year 2017 2018 2019 
ÍȘȷŞ 
Original papers 

ƉŞ English 50 43 49 
ÝŞ Japanese 0 0 0 

ȩȳuȘŬ 
Reviews and books 

ƉŞ English 2 1 11 
ÝŞ Japanese 6 8 8 

Ñʈǆȟ 
Oral presentations 

çɹ�Ȼ International 88 99 88 
ç«�Ȼ Domestic 128 105 80 

DteE4hɱ¡ 
Hosted symposium 

çɹ�Ȼ International 4 6 3 
ç«�Ȼ Domestic 8 7 8 

ƴȬ°ʋ 
Patent application 

 0 0 1 

 
��&7�

�

�ƃĬį Fiscal year 2018 2019 
ÍȘȷŞ 
Original papers 

ƉŞ English 34 47 
ÝŞ Japanese 0 0 

ȩȳuȘŬ 
Reviews and books 

ƉŞ English 4 2 
ÝŞ Japanese 3 6 

Ñʈǆȟ 
Oral presentations 

çɹ�Ȼ International 42 50 
ç«�Ȼ Domestic 42 49 

DteE4hɱ¡ 
Hosted symposium 

çɹ�Ȼ International 4 2 
ç«�Ȼ Domestic 3 5 

ƴȬ°ʋ 
Patent application 

 0 3 
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Research Achievements and Future Prospects 
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1. Interaction in matter 
 
Strong Interaction study by K-mesons in nuclei and nuclear matter 

Iwasaki group (hadron sub-group) is investigating meson property in nuclei to understand strong 
interaction and a diversity of quark/hadron many-body systems woven by the strong interaction. The newest 
observation at J-PARC reviled the existence of !!!! state. We are aiming at the detail study of the observed 
!!!! state for the confirmation, and extend our study to the kaonic nuclear bound state in light nuclei. We 
are presently working on several proposals to J-PARC for the kaonic nuclear study. To conduct these 
experiments, we need to establish a totally new 4π spectrometer at J-PARC, to drastically improve the 
efficiency. The detail design of the new spectrometer system is in progress. 
ĭįU��vʪni��YuU��vʫ2
ßēƚ�0 K�ʉēEĂ<ɦ;�-,�ʉēßēƚ

ƍțǑŚEǙś�
ń�ǩ�ǚ�ȜAś ĎƠ/ǑŚEǯǼ�+�B�ƞ<+ƅɧ
J-PARC,1
Ĝʣ,�C9,0Ʉǂ�C%�-1/� K�ʉēƍțƚ!!!!1ǣɁ0śÓ�%�Ŝ�2
�1śƓ
0ą*�
�@/BɎȏǯǼ0?AǣɁ�C%ǑŚ1ĔþEǰȀ�"B--=0
ɤ�ßēƚ�0

��B K�ʉēƍțƚǯǼEǧŦ�%ȿŷ1v�|�Z�EǄ¹�))�B�9%
�C@1Ĝʣ
ǯǼ1%<02
¾Ȁ«Ʌ0ġ�+řĿ1�BŻɂ]yTh���aEÌ BŒɀ��B��1

%<
Żɂ]yTh���a1ɎȏɉɈEëƂ0ɭ<+�B� 
����������������������������������������� 
(1) S. Ajimura et al., Physics Letters B 789 (2019) 620-625 
 
Unique nuclear deformation phenomena predicted at proton-rich RIs and their 
nuclear interactions: System development of collinear laser spectroscopy 
applicable for high-energy RI beams 

Ueno group is developing apparatus for collinear laser spectroscopy for proton-rich RIs in the vicinity of 
80Zr, which are expected to show anomalous deformation phenomena. The development of the main part of 
the offline system has been almost completed so far, where all isotope shifts were accurately reproduced in the 
scheme to excite the 5d 2D5/2-6p 2P3/2 (614 nm) transition and observe the 6p 2P3/2-6s 2S1/2 (455 nm) natural 
emission light for 134−138Ba+ ion beams approximately at 10 keV, depending on the natural isotope abundance 
ratio. 
�ɿU��v2�-�+ǐǠČņEǳ -ƈŋ�CB 80Zr á4#1ɧ¸1ʎēɱÐƚEġɖ-

�%
X�kH��Z�ƚÅ¼ǯǼ0í�%ȼȝʈǣEȸ(+�B���9,Ot�J�,1ȼȝ

ʈǣEɭ<
Đǋë©«ĔþƮ0œ�%� 134–138Ba+� 0ġ� 10� kV�0Ôɪ�%JO�r��Eǚ�
+� 5d 2D5/2-6p 2P3/2ʪ614 nmʫ1ɶǸEÕɝ�
6p 2P3/2-6s 2S1/2ʪ455 nmʫ1ȥǋŵÄ¼EɄǂ Bż
ƴ,Ƨǰ0ë©«[thEƲě,�
ȼȝ1�ɀɹÅ1ʈǣ278ę��%�¢Ō
¡ǵ_�a�

1~d[��ǯǼ-�+ɭ<B SLOWRI []f� 11ʈǣ-�ȸ�
O��J�Ĝʣ0í�%Ņɍ

ȼȝ1Ƅ/BʈǣEȸ�
f]hĜʣEȒ+ ZrʎēɱÐƚ,1ǂě0ǫş B� 
����������������������������������������� 
(1) M. Wada, Nucl. Instrum. Methods Phys. Res. B 317, 450 (2013). 
 
Interactions of slow molecular ion and neutral species via induced dipole 
interaction 
Interactions of negative muon and nucleus via Coulomb interaction including 
QED effect 

－67－



Azuma group has been developing the devices for collision experiments combined with a cryogenic ion 
storage ring RICE and a neutral beam in order to conduct a low-energy collisions of ions and neutral particles 
on the ground. This collision reaction is dominated by Coulomb interaction due to induced dipole moment and 
it play an important role in chemical evolution in molecular clouds in space. We have constructed a neutral 
beam line using a negative ion source and a photo-exfoliation laser and succeeded in producing an intense 
neutral carbon beam. We plan to proceed with full-scale merging experiments using hydrocarbon molecular 
ions and the neutral carbon.  

Azuma group also conducted precision spectroscopy experiments of characteristic muonic X-rays emitted 
from muonic atoms isolated in a vacuum using the high-intensity slow negative muon beam supplied at 
J-PARC. The aim is to verify the quantum electromagnetism (QED) effect in Coulomb interaction under a 
strong electric field by precision spectroscopy with a multi-element superconducting X-ray detector. We 
succeeded in measuring the contributing 2-5 eV QED effect with an accuracy of 0.1 eV or less for 6 keV 
muonic X-ray. We will further analyze this absolute accuracy and compare it with theory, and further develop 
measurements for other noble gas atoms. 
ƐU��v2
JO�-�Ŗȉē1ªMl�S�ȺǾEÿ�,ĜʣǯǼ B%<0
ƞªǁJO
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Ĝʐ0~�OkdT Neßē�@1 6 keV1ǐě XȘ0Ğ� B 2-5eV1 QEDÖƓE 0.1eV
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�1ȖġȊĿ0ʊ BɆƒEɭ<+Ǘɓ-Ʈɥ B

--=0
�@0£1ĶQ]ßēEġɖ-�%ǂěEĩʈ B� 
����������������������������������������� 
(1) S. Okada, T. Azuma. D.A. Bennett, P. Caradonna, W. B. Doriese, M.S. Durkin, J.W. Fowler, J.D. Gard. 

T. Hashimoto, R. Hayakawa, G.C. Hilton, Y. Ichinohe, P. Indelicato, T. Isobe, S. Kanda, M. 
Katsuragawa, N. Kawamura, Y. Kino, Y. Miyake, K.M. Morgan, K. Ninomiya, H. Noda, G.C. O’Neil, T. 
Okumura, C.D. Reintsema, D.R. Schmidt, K. Shimomura, P. Strasser, D.S. Swetz, T. Takahashi, S. 
Takeda, S. Takeshita, H. Tatsuno, Y. Ueno, J.N. Ullom, S.Watanabe, S. Yamada, J. Low. Temp. Phys., 
submitted. 

(2) T. Okumura et.al in preparation. 
 
Magnetic interaction and excitation study in matter by means of µSR  

Iwasaki group (muon sub-group) is responsible for operation of RIKEN-RAL muon facility at Rutherford 
Appleton Laboratory in UK. One of the major objectives of the facility is to study the magnetic interaction by 
using various µSR technics. We are studying magnetic interactions and low energy excitation in molecular 
quantum spin liquid system with Kato(R) Group. Electron transfer integrals are estimated from the first 
principles calculation and compared to macroscopic electronic properties by µSR and magnetic susceptibility 
measurements. For such projects, we plan to modify measurement conditions to run the magnetic 
susceptibility measurement system for a long time without time break with the high-pressure and electric-field 
applications. We also plan to arrange setups for microscopic measurements by µSR, ESR and NMR to be 
performed in parallel to obtain complementary information effectively and timely. 
ĭįU��v2
Ȫü Rutherford Appleton ǯǼŞ-Àë,
ëǯǼŞÁ0Ǘǯ-RAL~�O�Ĝ
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�SR�ESR- NMRFǬɁǨ�)bK���0íƄ�ȼ,�CǛċFź�C�-FǪŨ � 
����������������������������������������� 
(1) I. Watanabe� International Conference on Magnetism and Its Application (IICMIA2019), Solo, Indonesia, 

20-21 November 2019� 
(2) K. Wang, P. Murahari, K. Yokoyama, J.S. Lord, F.L. Pratt, J. He, L Schulz, M Willis, J.E. Anthony, N.A. 

Morley, L. Nuccio, A. Misquitta, D.J. Dunstan, K. Shimomura, I. Watanabe, S Zhang, P. Heathcote, and 
A.J. Drew, "Temporal Mapping of Electrophilic Photochemical Reactions and Excitonic Processes with 
Carbon Specificity" Nature Materials, 16, 467–473� (2017). 

 
Fabrication of molecular assembly by intermolecular interaction 

Kim group is designing and fabricating molecular assemblies with various functions by precisely 
controlling the balance between intermolecular interactions and molecule-substrate interactions on solid 
surfaces. In collaboration with organic synthesis groups, Kim group discovered novel surface chiralities of 
molecular assemblies with planar1) and upright2) molecules. Moreover, they successfully visualized the 
stepwise cycloaddition reaction pathways of aromatic organic molecules with a scanning tunneling 
microscope (STM).3) These findings provide not only a deeper insight into organic thin films with high 
structural integrity, but also a new way to tailor interfacial geometric and electronic structures. Further 
research toward the functional expression of molecular assemblies will be carried out based on more complex 
intermolecular interactions. 
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����������������������������������������� 
(1) J. Park, J.-H. Kim, S. Bak, K. Tahara, J. Jung, M. Kawai, Y. Tobe, and Y. Kim, Angew. Chem. Int. Ed., 

58, 9611-9618 (2019). 
(2) S. Chaunchaiyakul, C. Zhang, H. Imada, E. Kazuma, F. Ishiwari, Y. Shoji, T. Fukushima, and Y. Kim, J. 

Phys. Chem. C, 123, 31272-31278 (2019). 
(3) C. Zhang, E. Kazuma, and Y. Kim, Angew. Chem. Int. Ed., 58, 17736-17744 (2019). 
 
Interactions between electrons in multi-orbital molecular conductors 

Kato(R) group is investigating electronic states in multi-orbital molecular conductors based on 
metal-dithiolene complexes with a small HOMO-LUMO gap. In the case of the strongly dimerized system, it 
was revealed that the HOMO-LUMO interaction induces charge/spin heterogeneity associated with the 
valence bond formation and the Coulomb repulsion. 1,2) The heterogeneity can contribute to exotic electronic 
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states including quantum spin liquid. The nature of the low-energy excitation of the molecular quantum spin 
liquid will be studied in collaboration with Iwasaki group (µSR). 

Kato(R) group, collaborating with theoreticians (Kumamoto Univ. and Nagoya Univ.), found that 
metal-dithiolene complexes can provide a single-component molecular Dirac electron system.3) The 
tight-binding model revealed the mechanism of the Dirac cone formation where the HOMO-LUMO 
interactions play an important role. Based on the obtained material design, this group continues to develop 
novel Dirac electron systems.   
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and R. Kato, Scientific Reports, 7, 12930 (2017). 
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(2017). 
 
Bottom-up approach to interaction mechanism in molecular recognition  

Fujii(M) group is investigating molecular recognition mechanism in biomolecular and supramolecular 
systems by gas phase laser spectroscopy. Functional subsets in the molecular systems such as receptor are 
isolated and its molecular complex with ligands is generated under low temperature isolated condition. The 
laser double resonance spectroscopy including IR lasers can reveal the structure of the complex. The structural 
variation by changing the ligands are discussed in terms of the molecular recognition. We have been applying 
this “bottom-up” approach to β2-adrenaline receptor1, 2), potassium channel3, 4), and action mechanism of Li 
salt5). Collaboration with theory groups (Dr. K. Yagi, Prof. Y. Yuji in Riken, Prof. A. Kitao in Tokyo Tech 
and Prof. Sotiris Xantheas in PNNL and WRHI TokyoTech) are also important to determine the structural 
variations of these flexible molecules. The approach will be expanded to other adrenaline receptors, ion 
channels and ionophores. The effect of hydration on molecular recognition will also be studied.  
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(2019). (Journal Cover) 
(3) S. Ishiuchi, Y. Sasaki, J. M. Lisy, M. Fujii, Phys. Chem. Chem. Phys. 21, 561 (2019). (Journal Cover) 
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Interaction of proteins with other molecules regulates biological functions 

Shiro group is investigating protein-protein and domain-domain interaction in bacterial denitrification and 
oxygen sensing systems by using structural biological techniques. The studies are showing how important the 
interaction is in functions of the protein systems, and how the interaction regulates cellular function1,2). The 
techniques utilized in these work could apply to other interaction system such as protein-DNA in the sensor 
system and super-complex system. In addition, we will study dynamic structure of protein complexes 
controlled by such interaction in cellular system, by using in cell NMR technique. 
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Interactions between DNA molecules for directed self-assembly of nanoparticles 

Maeda group is investigating self-assembly of DNA-modified nanoparticles. Exploiting molecular 
interactions emerging between surface-grafted DNAs has allowed directed assembly of structurally 
anisotropic gold nanorods and nanoplates1) and structural changes of linear gold nanoparticle chains.2,3) 
Significantly high anisotropy in self-assembled structures was achieved by aligning isotropic nanoparticles 
with a different colloidal stability in a defined order. Validity of this method will be further demonstrated by 
producing various nanostructures, of which physical and chemical properties are also the subject of future 
study.    

To clarify the DNA–DNA interactions that are responsible for assembly, the attractive forces working 
between brush-like DNA monolayers were measured by using colloidal probe atomic force microscopy4) and 
optical tweezers. Effects of types of terminal base pair and types of supporting electrolyte were studied in 
detail, thereby revealing π–π stacking interaction between DNA terminal base pairs. The research group will 
try to control the stacking interaction by external physical and chemical stimuli for dynamic nanoparticle 
assembly.  
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2. Excitation in matter 
 
Magnetic hyperfine-excitation of the ground state of muonic hydrogen atom for 
proton Zemach radius measurement.  

Iwasaki group adopted the laser resonant excitation of the muonic hydrogen hyperfine states and the muon 
spin polarization detection as the key techniques. We already had progresses such as the efficient production 
of muonic hydrogen atoms in a low density hydrogen gas target as low as 0.05 STP and the measurement of 
the muon spin residual polarization and its holding time after muonic hydrogen formation. Concerning the 
laser development, we confirmed the generation of base laser light and are testing the wavelength conversion 
components. We plan further laser system tuning, doubling the laser system for higher power, and the laser 
cavity production. Then we will introduce the laser to a low temperature hydrogen target and carry out the 
laser resonance spectroscopy to determine the hyperfine splitting energy and the proton Zemach radius.  
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Spectroscopic study of excited baryons (quark-excitations in baryon) with heavy 
quarks 

Noumi group of RCNP, collaborating with Iwasaki group, is conducting a spectroscopic study of excited 
baryons with a heavy, charm quark. We will measure production rates and decay properties of excited 
charmed baryons systematically to deduce motions of a quark pair (diquark correlation) confined in a baryon. 
We have succeeded to develop a high-throughput, trigger-less data acquisition system with a high efficiency 
of almost 100%1), a beam counter with a time resolution of better than 50 ps2), scintillation fiber trackers 
improving a rate capability 10 times better3). They are expected to work under a high event rate induced by a 
high-intensity pion beam of 30 Mega Hertz at a momentum of 20 GeV/c. We will develop particle 
identification detectors by means of time-of-flight and ring-imaging Cherenkov radiation.  
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Anomalous shell structure and deformation in the excitation states of RIs far 
from the β-decay stability line as the manifestation of unveiled nuclear many 
body effects. 

Ueno group has developed a new method to produce highly spin-aligned RI beams efficiently, by 
combining advantageous features of high-energy heavy-ion nuclear reactions with the momentum-dispersion 
matching technique of ion optics.1 Based on this method, the group is conducting excited (isomeric)-state 
nuclear-moment measurement for very neutron-rich RIs. The group have so far successfully measured the 
magnetic dipole moments of isomeric states in 75Cu 2 and 99Zr,3 and found that these nuclei have a 
characteristic shell structure and exhibit anomalous deformation phenomena. In the future, taking advantage 
of the method, the group will extend our observation to the nuclear electric quadrupole moments of 99Zr and 
the nuclear moments of RIs around heavier and double-magic-number nucleus 132Sn, to study the nuclear 
structure from our own microscopic point of view. 
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Slow energy dissipation dynamics of excited molecular ions isolated in vacuum 
through laser-induced action spectroscopy  

Azuma group has been exploring the long timescale excitation and deexcitation dynamics of molecular 
ions isolated in a vacuum using the ion storage ring. By measuring fragments generated by tunable laser 
irradiation, we succeeded in acquiring high-resolution rovibrational spectra of linear triatomic molecular ions 
(N2O+) that exceeds conventional precision. Furthermore, by observing slow dynamics of the vibrational 
cooling process for each level in the timescale of seconds, we have identified the characteristic behavior in 
which different vibration modes are involved, and found the level population distribution apart from the 
Boltzmann distribution. In addition, we discovered that, in the laser-induced electron detachment process of 
diatomic negative molecular ions (Si2

-), the rotational and vibrational structure appears even in the delayed 
electron detachment that occurs several tens of microseconds after laser irradiation. This is due to the fact that 
the Born-Oppenheimer approximation is extremely-weakly broken, which is a process that has been 
overlooked in the time domain of the conventional measurement. Recently, we also started experiments with 
diatomic molecular ion (CaH +). This is of interest not only for the deexcitation dynamics of the rotational 
level reflecting the large dipole moment and its active level control by a laser, but also for the measurement of 
fundamental physical constants using the vibration level. 
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Excitations in femtosecond – millisecond structural dynamics of complex 
molecules 

Tahara group studies femtosecond – nanosecond dynamics of photoreceptor proteins and 
photo-functional molecular assemblies using femtosecond time-resolved spectroscopy. In particular 
for biomolecules, this group clarified ultrafast structural dynamics of not only the chromophore of 
photoactive yellow proteins1) but also the protein part of retinal proteins2) using femtosecond Raman 
spectroscopy. This group is tackling clarification of the origin of highly inhomogeneous ultrafast 
dynamics of retinal proteins. 

Tahara group studies microsecond – millisecond conformational dynamics of biomolecules using 
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two-dimensional fluorescence lifetime correlation spectroscopy (2D FLCS) developed in this group. 
This group studied cytochrome c and a riboswitch while developing a new method to perform 2D 
FLCS using only single dye-labelling.3) While further investigating folding/unfolding dynamics of 
biomolecules, this group will develop new experimental/analysis methods extending the application 
of 2D FLCS.  
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Excitation of a single molecule by localized surface plasmon 

Kim group investigates the excitation of a single molecule by the localized surface plasmon (LSP) 
generated when light is applied to the tip of a scanning tunneling microscope (STM). The underlying 
mechanisms of the LSP-induced chemical reaction were clarified at the single-molecule1-5). Observations 
revealed that, when the orbital hybridization at the molecular interface is weak, the energy of the plasmon 
directly excites the molecule, while when the orbital hybridization is strong, the charge generated on the metal 
surface in the process of relaxation of the plasmon is generated to directly excite the molecule. By controlling 
the degree of orbital hybridization, it will be possible to control the light energy, reaction efficiency, and 
reaction mechanism required for the reaction, and it can be expected to contribute to the development of new 
photocatalysts. 
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Shiro group evaluated structures and electronic states of short-lived intermediates appeared in the catalytic 
reaction of nitric oxide reductase by combinational use of time-resolved spectroscopic techniques and caged 
NO1). So far, caged compounds have been generally utilized in the cellular biological research, but now its 
application will be expanded into other research fields such as in functional and dynamic-structural analysis of 
bio-molecules. The information thus obtained will be provided to theoretical studies of bio-molecules, e.g., 
quantum chemical studies of the electronic structures of short-lived intermediates and/or molecular dynamics 
simulation. In future, our group has much interest in developing new techniques in structural analysis of the 
short-lived intermediates, by combinational use of caged compounds, X-ray crystallography and/or cryogenic 
electro-microscopy.  
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3. Heterogeneity at atomic-scale interfaces 
 
Property change of external substances induced by impurity atoms, and 
conversely, structural changes that impurity atoms undergo: Toward application 
of atomic-scale interface to device technology 

Ueno group is working on the following two theme for this subject: Development of a technique to control 
electrical conductivity of diamond by ion beam irradiation in collaboration with Kato(R) group, and direct 
observation of the time evolution of Stokes shifts for impurity atoms (Rb) introduced in a superfluid helium 
medium 1 in collaboration with Tahara group. In the former subject, it is known that superconductivity can be 
induced by high concentration boron doping based on the CVD method,2 and the group is searching for the 
irradiation and annealing conditions to reproduce the superconductivity by the scheme of boron beam 
implantation. Unfortunately, the superconductivity has not been confirmed so far. The group will carry out 
high-temperature and high-pressure annealing by using high-purity artificial diamond in the next step. The 
group will eventually try nitrogen doping. In parallel, the group will also challenge other experiments related 
to the control of material functions by beam irradiation. In the latter subject, the picosecond pulsed Ti:Sa 
pump laser of the Tahara group was installed into the superfluid helium experiment system of the Ueno group, 
where the de-excited fluorescence of Rb was confirmed in the preparatory study. In the next step, the group 
will try to reduce the background due to stray light and start the measurement with the time-correlated 
single-photon counting method (TCSPC). 
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Molecular approach to heterogeneity at the nano-scale superfluid interface 

Azuma group has been developing a superfluid nanodroplet beam as a challenge in producing cryogenic 
molecular ions including large molecular systems. The helium droplet is a nano-size liquid of helium at a 
temperature of 0.4 K. After the realization of capturing a large neutral molecule into the droplet and its 
spectroscopic study, the current research focuses on ionization of the captured molecule. First, we prepared a 
neutral aniline molecule into the droplet by collision and showed that it was isolated and well stabilized inside 
the droplet, the superfluidity of which is an ideal cold environment for atoms and molecules. The 
measurement of the optical absorption band revealed that the access to the phonon excitation of the 
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surrounding superfluid helium was enabled via heterogeneity at the superfluid-molecule interface. Laser 
photoionization selectively caused the ionization of the dopant molecule because helium is transparent in up 
to the vacuum ultraviolet range. With the preferred advantage in readily controlling the number of molecules 
to be captured, an ultracold atomic and molecular cluster is generated in the droplet when many species are 
captured together in a single droplet and their binding energy is released by evaporation of helium atoms. 
Here, we showed that the ultracold aniline cluster was efficiently created by photoionization. The combination 
of the ion-containing droplet beam with our ion storage ring RICE is expected to offer molecular approach to 
finite-size superfluid dynamics. 
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4. Heterogeneity at molecular interfaces 
 
Elucidations of molecular interfaces using phase-sensitive second-order nonlinear 
spectroscopy 

Tahara group studies molecular interfaces using phase-sensitive heterodyne-detected vibrational sum 
frequency generation (HD-VSFG) spectroscopy which has been developed in this group. This group 
succeeded in obtaining vibrational spectra of the Stern and Gouy-Chapman layers of the silica/water interface 
and clarified water structure of the electric double layer.1) This group also developed the in-situ reference 
method to calibrate the phase and amplitude of the electric field of VSFG signal generated in the 
electrochemical interface, and succeeded in application of HD-VSFG to buried the electrode/liquid (Pt 
electrode/electrolyte solution) interface for the first time.2) Furthermore, Tahara group investigated the 
quadrupole mechanism of the VSFG process theoretically and experimentally, extending fundamental 
knowledge about how to interpret VSFG spectra beyond the ordinary dipole approximation.3) This group will 
further study buried interfaces including polymer/liquid, oxide/liquid and electrode/liquid interfaces, while 
developing new experimental methods for elucidating the molecular-level structure of various interfaces. 
ǛßU��v2
Ǟʘ1:,ǣǙ BʗȘņ³è¼1©ǩ-ũĹEǂě B?2K0$L�e�

kxv§µ±éHD-VSFGêf`Eǚ�+ÅēǞʘEǯǼ�+�B�[�PʭưǞʘ1[�f��ī
-UJ�c�dv}�ī1é�1ũ×]yTh�EŎB�-0śÓ�
ä¤TÛ��¥�ÙEſ@

�0�% 1)�9%
Ă=C%ʖƞǞʘ�@ǣ B VSFG¼1©ǩ-ũĹEƙƧ B#1ćàǌƴ�
Eʈǣ�
ʖƞʭƻ«ǞʘʪǤʁʖƞʭʖɆɚǞʘʫ1 HD-VSFGǂěEÈ<+Ĝǖ�% 2)��@0


ũũ×óðƵǣǙɱǹ0��BöƞēƤƟEǗɓ
Ĝʣ1�ʘ�@ǯǼ�
.1?�0 VSFG ]y

－78－



Th�EɆɽ B6��0)�+
ōƏ1âƞēɧ¨Eɟ�+ąǲǥǗɆEŤŃ�% 3)�¢Ō2


Ơ�/Ǟʘ1ƟɫEÅē�x�,Ɇſ B%<1Ż��ĜʣǥżƴEʈǣ B--=0
|�}�

ʭƻ«Ǟʘ
ɼÙǏʭƻ«Ǟʘ
ʖƞʭƻ«Ǟʘȃ1Ă=C%Ǟʘ1ǯǼE�@0ɭ<B� 
����������������������������������������� 
(1) S. Urashima, A. Myalitsin, S. Nihonyanagi and T. Tahara, J. Phys. Chem. Lett., 9, 4109-4114 (2018). 
(2) A. Sayama, S. Nihonyanagi and T. Tahara, Phys. Chem. Chem. Phys., 22, 2580 (2020). 
(3) K. Matsuzaki, S. Nihonyanagi, S. Yamaguchi, T. Nagata and T. Tahara, J. Chem. Phys., 151, 064701 

(2019). 
 
Development of novel spectroscopic methods for investigating molecular 
interfaces 

Kim group has been developing novel spectroscopic methods based on a scanning tunneling microscope 
(STM) to investigate various kinds of molecular interfaces. Single-molecule emission and absorption 
spectroscopy1) was developed to describe electronically excited states and exciton formation2) of a single 
molecule on the carefully-designed ultrathin insulating films3), which was also theoretically supported4). These 
technologies were further extended to visualize single-molecule resonance Raman effect under the STM tip5). 
Kim group also achieved a molecular-scale understanding of the electrical double layers in the 
electrochemical system by combining electrochemistry not only with photoemission spectroscopy6) but also 
with STM-based Raman spectroscopy7). Electrochemical and redox properties of bio-interface systems, such 
as membrane proteins and DNA monolayers, will be investigated in collaboration with Shiro group and 
Maeda group. �
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biosensing 
Maeda group has studied on interfacial phenomenon of DNA-functionalized nanoparticles, called 

non-crosslinking aggregation.  On the basis of the experimental results, principally X-ray analysis, it was 
considered that the difference in entropic effect due to the flexibility and motion of DNA strands accounts for 
the DNA structural dependency of colloidal stability.1)  The non-crosslinking aggregation is not facilitated by 
the base stacking attraction between the blunt ends of dsDNA. 

We have considered that the change in DNA structure is a key role for non-crosslinking aggregation.  
Other DNA conformational transitions could also induce the change of colloidal stability.  G-quadruplex 
(G4) DNAs are an outstanding candidate because the conformational changes are expected to occur in 
response to binding with specific target molecules.  We demonstrated that a hazardous molecule can be 
detected specifically using gold nanoparticles immobilized with a G4 DNA structure.2)  Nano-biosensor 
based on G4-functionalized nanoparticles could be a good candidate to apply in various applications, 
especially biosensor and medical diagnosis.  
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Iron dynamics (reduction, transport and sensing) on biological 
membrane-protein interface 

Shiro group has been studying the iron acquisition in human and pathogen, since iron is an essential 
element for all of life. Some membrane-integrated proteins play crucial roles for the iron transport into cell. 
Our targets were human ferric iron reductase, pathogenic heme importer and pathogenic heme sensor proteins. 
We successfully determined their crystal structures and, on the basis of their structural information, discussed 
their functions on the membrane interface in molecular level1). These studies provided structural basis of 
membrane-proteins for understanding the iron dynamics in biological system from molecular to cellular level. 
These strategy must be kept in near future. In addition, we are successful to determine the 
membrane-integrated enzyme, e.g., pathogenic nitric oxide reductase, by cryogenic electro-microscopy, which 
is now a powerful tool to investigate membrane-protein interfaces. 
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5. Heterogeneity at device interfaces 
 
Carbon nanotube device interfaces 

Kato(Y) group investigates exciton properties in carbon nanotubes, where Coulomb interactions are strong 
because of limited screening. By developing a telecommunication wavelength time-resolved 
photoluminescence spectroscopy system, dark-to-bright exciton conversion mechanism has been elucidated1). 
In addition, enhancement of single photon generation rate by using photonic crystals was demonstrated2) in a 
collaboration with Los Alamos National Lab in the U.S. The measurement system will be utilized to study 
excitonic effects within devices interfaces. Kato(Y) group is also working to clarify the effects of 
nanotube-molecule interfaces. Effects of air molecules have been characterized3), and in collaboration with the 
Kim group, organic molecule interfaces have also been examined4). Novel photonic devices that utilize ion 
implantation will also be explored in a collaboration with Ueno Group. 
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(1) A. Ishii, H. Machiya, Y. K. Kato, “High efficiency dark-to-bright exciton conversion in carbon 

nanotubes”, Phys. Rev. X 9, 041048 (2019). 
(2) A. Ishii, X. He, N. F. Hartmann, H. Machiya, H. Htoon, S. K. Doorn, Y. K. Kato, Nano Lett. 18, 3873 

(2018). 
(3) T. Uda, S. Tanaka, Y. K. Kato, Appl. Phys. Lett. 113, 121105 (2018). 
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Interactions of electrons at the device interfaces 

Yamamoto group at IMS is investigating electronic states in two-dimensional organic Mott-insulators at 
the field-effect device interface. In Mott-insulators, the strong electron interaction provides various nontrivial 
properties such as superconductivity. In their study, field effect devices such as FETs (field effect transistors) 
and EDLTs (electric double layer transistors) comprising organic Mott-insulators could trigger 
metal-to-insulator or metal-to-superconductor transitions by controlling the interface carrier density. In 
addition, the strain from the device substrate could affect the bandwidth of the Mott-insulators to switch the 
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electronic phases.1,2) The observed phase diagram is significantly doping asymmetric, which was theoretically 
analyzed in collaboration with Yunoki group (CEMS). The details of the three-dimensional phase diagram 
thus obtained and its relation to the underlying mechanism will be thoroughly investigated by combining data 
from different device configurations and materials as well as by performing theoretical analysis. 

Yamamoto group also found that chiral molecules could provide reconfigurable spin filter.3) The 
chirality-induced spin selectivity (CISS) effect was combined with chiral molecular motor, of which 
uni-directional motion was driven by light or heat, to show spin-polarization switching in a magnetoresistance 
device. Based on the CISS in single molecular levels, this group continues to extend the idea to crystalline 
bulk materials.   
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Control of strongly correlated electrons at a molecular device interface 

Properties of strongly correlated electron systems can show drastic changes (phase transition) by tuning 
the bandfilling and bandwidth. Kato(R) group studied basic properties of an electric-double-layer (EDLT) 
transistor using a molecular Mott insulator with an antiferromagnetic ground state in collaboration with 
Yamamoto group (IMS). Combination of the EDLT doping (bandfilling control) and substrate bending 
(bandwidth control) successfully led to observation of ambipolar superconductivity surrounding the Mott 
insulating state and non-Fermi-liquid behaviors in the normal state.1,2) They also found possibilities of the 
control of the electronic state in a Mott insulator with a different ground state (Valence Bond Order).3) The 
device technique developed in this project will be applied to various kinds of Mott insulating states including 
the quantum spin liquid.   
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 [Category 1] 
Exploring a diversity of quark/hadron many-body systems woven by the strong 

interaction 
#�������!	������
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Masahiko Iwasaki1, Takumi Yamaga1, Fuminori Sakuma1, Hiroyuki Noumi2, Yue Ma1, Hidemitsu 

Asano1, and for the J-PARC E15 Collaboration 
1 Meson Science Laboratory RIKEN, 2Research Center for Nuclear Physics, Osaka University 

 
Since the prediction of the π-meson by Yukawa, the long-standing question has been whether a mesonic 

nuclear bound state exists, i.e., whether a meson forms a quantum state at an eigen-energy !!  (= !!!!) 
below the energy of meson mass !!!! without promptly vanishing in the nuclear media. If it exists, it 
means that a meson (!!) forms a quantum state where baryons (!!!) exist as particles in a nuclear medium. 
At the hadron level, those two are not exclusive by the Pauli principle, but both are composed of quarks by the 
strong interaction. By studying the mesonic nuclear bound state, one can have essential information to answer 
the key questions, e.g., how light hadron masses are generated from ∼massless particles: quarks (mq ∼few 
MeV/c2) and gluons (mg = 0), how the properties of these mesons change in the nuclear medium, how hadrons 
are confined in the nuclear media, and the equation-of-state in nuclear (or star) matter. Therefore, many 
mesons have been examined over the past century, to see whether a mesonic nuclear bound state exists below 
the mass threshold with a binding energy !! ≡!!!! − !!. 

We conducted a search experiment using !! + He !  
reaction at kaon momentum 1 GeV/c, where the nucleon 
knock-out !!! → !!  reactions (! = !!  or !! ) have 
the maximum cross-section. If such a quantum state 
exists, the scattered quasi-free !  could have low 
momentum (q) referring to the spectator nucleons 
(~at-rest) in He ! , so the !  may form a nuclear bound 

state via the ! + !! → !!!  reaction rather efficiently.  
As a result of the Λ!" final-state analysis, we observed 
an event concentration in the Λ! -invariant mass (M) 

spectrum near the !!!  formation threshold1. This event 
concentration indicating possible existence of 
quasi-bound state (unstable bound state) and its decay as 
an intermediate state in the reaction, i.e., !! + He ! →
! + !,  and ! !!!! in charge → Λ!.  

Fig. 1 shows the observed event distribution of the 
 !! + He → Λ!" !   reaction  measured by the Λ! -pair 
over invariant mass (M) and momentum-transfer (q) 
plane2,3.  We fitted the event distribution to represent 
that by the following three components, by simply 
formulated fitting functions; 1) !!!! formation, the most distinct event-concentration located below the 
mass threshold of !!!, and near the low q boundary, where !!!! will be formed efficiently by emitting 
neutron at !! ≈ 0 ; 2) two-nucleon absorption of quasi-free kaon, !"!!! , a distribution around the 
blue-curve in the figure, where on-shell !  absorption by two spectator nucleons, ! + !! → Λ! , is 
expected; and 3) broad event distribution, distributing over whole kinematically allowed region having 

Figure 1. Acceptance corrected two-dimensional 
event distribution on momentum transfer (! ) and 
Λ!-invariant mass (!) of the Λ!" final-state from 
the !! + He !  reaction. Black dashed line indicates 
the mass threshold of !!!! system and blue solid 
curve indicates the expected Λ! -invariant mass 
coming from the on-shell kaon absorption reaction by 
the two spectator nucleons, !! + !! → Λ!. 
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relatively weak M and q dependence. The two event concentrations of component (2) at !! ≈ 0 and !! ≈ ! 
can be naturally understood as a kinematical reflection of Y*(~1800) resonances, produced by the primary !!  

momentum at 1 GeV/c ( !!!! ~ 1.8 GeV/c), having forward and backward peaking nature in !!! → !∗ →
!!. 

Figure 2 shows M and q spectra of the Λ!-pair at the region of interest. In the figure, the fitted functions 
are plotted in red for the !!!! formation (1), in blue for !"!!! (2), and in green for the broad distribution 
(3).  To our surprise, the fitted binding energy of !!!! is as deep as ~ 40 MeV, while its decay-width is 
rather large ~90 MeV, so it is deep but quite unstable. There is another surprise, that the q distribution of 
!!!! having much longer tail, whose gaussian form-factor parameter is deduced to be ~380 MeV/c, 
comparing to that of quasi-free kaon absorption. The long tail implies that the spatial size of !!!! is as 
small as ~0.6 fm.   

We observed totally new form of nuclear system, !!!!, which is composed by a boson and fermions in a 
hadron level, that had been looking for about a decade. The large binding energy indicating that the object is a 
tightly bound system, and the signal has long tail in form-factor function. Both facts are suggesting that the 
system could be extremely compact.  All the hadrons are made of quarks, but confined as an individual 
particle even in nuclei, by the color-confinement mechanism of the strong interaction, but how is the question. 
We may access the fundamental key questions mentioned above in future from more detailed study of the 
system.  
 
References 
[1] Y. Sada, et al., Prog. Theor. Exp. Phys., 2016, 051D01 (2016).  [2] M. Iwasaki et.al., Phys. Let. B, 789, 620 (2019).  
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Figure 2. The Λ! invariant-mass spectrum (left) and the momentum transfer spectrum (right) of the !! + He !  
reaction. The region of interest of the Λ!-pair of the Λ!" final-state are selected by q-slice for M spectrum (left) and 
by M-slice for q spectrum (right). Decompositions of the spectra are given in both figures. 
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 [Category 1] 
Unique nuclear deformation phenomena predicted at proton-rich RIs and their 

nuclear interactions: System development of collinear laser spectroscopy 
applicable for high-energy RI beams 
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M. Tajima,1 A. Takamine,1 T. Asakawa,3 M. Wada,4 Y. Sasaki,3 Y. Nakamura,5 H. Iimura,6,2 K. 

Okada,7 T. Sonoda,2 H. A. Schuessler,8,1כ H. Odashima,4 Y. Matsuo,3,1 and H. Ueno 1 
Nuclear Spectroscopy Laboratory, RIKEN,1 SLOWRI Team, RIKEN Nishina Center,2 Department of Advanced 

Sciences, Hosei University,3 Wako Nuclear Science Center, KEK,4 Department of Physics, Meiji University,5 
Nuclear Science and Engineering Research Center, JAEA,6 Department of Physics, Sophia University,7 Department 

of Physics and Astronomy, Texas A&M University 8 
 

Understanding of nuclear structure has so far been based on information obtained from stable nuclei. 
However, anomalous properties recently observed for unstable nuclei indicate unexplained part of many-body 
(collective) effects of the nuclear interaction, which have not yet been elucidated. In the present study, we 
focus on the proton-rich N = Z nucleus 80

40Zr40. This nucleus is theoretically expected to have well-developed 
deformation magic number 40 both in protons and neutrons, provided that the inversion of the g9/2-p1/2 
single-particle levels takes place. Furthermore, such deformation will be largely enhanced by the realization of 
coherent action between protons and neutrons, and rich structures will arise from the coexistence/competition 
of different shape such as large quadrupole and tetrahedral shape deformations in or near the ground state, 
reflecting a significant change in the internal wave function. However, there are no experimental data on 
isotope shifts and nuclear moments, which we are interested in, because 80

40Zr40 itself is difficult to produce and 
there are no experimental methods to match its low production yield and the short lifetime. 

Collinear laser spectroscopy of RI beams is a powerful probe to directly measure the nuclear properties of 
ground or isomeric states. Thus, we have started the construction of the apparatus for collinear laser 
spectroscopy utilizing slow RI beams delivered from the SLOWRI system 2 of the RIBF facility. We designed 
and constructed an o൷ine ion source for the planned optical spectroscopy of RI ion beams of refractory 
elements at a rate of 100 particle per seconds (pps). We note that zircon isotopes are available here, but not at 
most other RI beam facilities based on the ISOL (isotope separation on-line) method. 

Figure 1(a) shows a schematic layout of the apparatus. The RF ion guide system composed of three 
segments of four SUS rods and an endcap. A solid target for laser ablation is fixed on the surface of the 
cylindrical electrode. Helium gas is introduced constantly and the typical pressure is approximately 22 mbar at 
the most upstream chamber. This ion source system is floated at 10 kV and connected to a test beamline 
through an insulation flange as shown in Fig. 1(b). The target is irradiated by an Nd:YAG laser pulse (532 nm, 
10 ns width). First, the produced energetic ions are stopped via collisions with a He gas and guided to RF 
carpet system (RFCP) by a DC electric field. Then, the ions are subsequently guided to the downstream by 
RFCP, QPIG, and RFQ with applied RF and DC electric fields. After the ions are focused through the Einzel 
lens and four quadrupoles, they are separated depending on m/q using a dipole magnet and collected onto a 
Faraday cup (FC). Typical beam intensity at FC is 107–108 ions per laser pulse, which is su൶cient for the 
demonstration of the planned spectroscopy of RI beams. 
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As a demonstration of collinear laser spectroscopy, we performed spectroscopy of barium ions, because 
barium is suitable for R&D study can be performed with an existing dye laser for one of the strong transitions 5d 
2D5/2-6p 2P3/2 (614 nm). A surface ionization source was constructed to obtain Ba+ based on the design which 
was previously used at JAEA3. Barium oxide was heated up to approximately 2000 K and a few nA of Ba+ 
were constantly produced. It was extracted at 10.5 keV, focused by electrostatic lenses, isotope-separated 
depending on m/q by a magnet, and focused again to enter an observation region. A CW dye laser (Coherent 899 
Ring Laser) with Kiton Red pumped by a solid state laser (Verdi V10, 6 W) was irradiated collinearly with the 
Ba+ beam. The power was 0.3 mW in the observation region. The FWHM of the laser frequency was 5 MHz. 
In the observation region, the velocity of ions was changed by using a set of electrodes. When the velocity was 
tuned according to the Doppler shift, the ion was on resonance and spontaneous emission from 6p 2P3/2 to 6s 
2S1/2 (455 nm) successively occurred. This fluoresence signal was detected by a photomultiplier (Burle 8850). 
The quantum e൶ciency of the photomultiplier was about 20% at 455 nm, but the e൶ciency was less than 1% 
at 614 nm. Therefore, this measurement is almost free of background counts due to stray light of the laser. 
Figure 2 shows the counting rate of the fluoresence signal as a function of the applied voltage to the 
Doppler-shift-tuning electrodes. Isotope shifts and hyperfine splittings for 135,137Ba+ whose nuclear spin I = 
3/2 were successfully observed. 

Trajectory simulations suggest that the resonance spectrum becomes asymmetric due to misalignment of 
the laser and ion beams, which can be a main systematic error. Detailed analysis is ongoing. We plan to 
introduce a fine tuning system of the alignment before the online measurement. 

 

 
References 
[1] M. Wada et al., Nucl. Instrum. Methods Phys. Res. B 204, 570 (2003).  [2] M. Wada, Nucl. Instrum. Methods Phys. 
Res. B 317, 450 (2013).  [3] S. Ichikawa et al., Nucl. Instrum. Methods. Phys. Res. A 274, 259 (1989). 
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Figure 2 Resonance spectra for the isotopes 134í138Ba 
transitions 5d 2D5/2-6p 2P3/2. 

Figure 1 A schematic layout of (a) the ion-source system 
and (b) test beamline. 
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High precision X-ray spectroscopy of muonic atoms for verifying QED under 

intense Coulomb interaction 
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4Kastler Brossel Laboratory, Sorbonne University, and CNRS, France 
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We performed the high-precision spectroscopy of muonic 
x-rays emitted from muonic atoms isolated in vacuum at 
J-PARC by introducing the superconducting TES detector. 
Negatively-charged muon with an intrinsic lifetime of 2.2 
µs can be bound by the Coulomb field of an atomic 
nucleus. This system, so-called muonic atom, is a 
hydrogen-like exotic atom as schematically shown in 
Fig.1. The muon is about 200 times more massive than 
the electron. The Bohr radius is therefore 200 times 
smaller, and thus the internal electric field strength is to 
be 40,000 times higher than that of normal atoms. It is 
recently proposed that we can carefully choose X-ray 
transitions between the levels of relatively high principal 

quantum number and large angular momentum having significant quantum electrodynamics (QED) effect, but the 
nuclear size effect to them is negligibly small. This will provide a new horizon to explore the QED effect under 
extremely strong electric fields, which is a complimentary approach to the QED test using highly-charged heavy 
ions like U91+. It is critical to prepare a low-density gas target (e.g., as low as 0.1 atom) to avoid the influence 
from the environment (for instance, electron transfer from the surrounding atoms). This condition was realized 
by the very-low-energy and high-intensity pulsed negative muon beam supplied at J-PARC. For high precision 
spectroscopy, we employed an X-ray spectrometer based on a multi-pixel array of superconducting transition-
edge-sensor (TES) microcalorimeters. The 6.3 keV muonic X-rays for the 5g->4f and 5f->4d transitions of a Ne 
atom is one of the best targets for the measurement. The QED contribution of about 2-5 eV is expected for the 
transition and we have succeeded in verifying it with an accuracy less than 0.1 eV with the TES X-ray 
spectrometer to compare the state-of-art theoretical calculation. 

The experiment was carried out at the D2 beam line of the muon facility MUSE (Muon Science 
Establishment) in the MLF (Materials and Life Science Experimental Facility) of J-PARC in April 2019 and 
January 2020. Typical intensity of the the negative muon beam is approximately 2x105 cps at a momentum of 20 
MeV/c. The beam was supplied by a double-structured pulsed mode with 25 Hz repetition rate. The incident 
muons were stopped in a Ne gas target (gas pressure of 0.1- 0.9 atm) where muonic Ne atoms were produced. X-

 
Figure 1 Schematic view of muonic atom  

and muonic x-rays  
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rays were emitted by the highly excited atoms and detected by a TES X-ray spectrometer.  

 
We employed an X-ray spectrometer based on 240-pixel TES array developed by the National Institute of 

Standards and Technology (NIST), US. Each TES pixel composed of a superconducting Mo/Cu proximity bilayer 
film having superconducting critical temperature of TC~107 mK. A 4-mm-thick bismuth absorber is coupled to 
each TES to convert an incident X-ray energy to heat. The collimated effective area is 320µmx305µm for each 
pixel, and thus about 23mm2 in total. This system is cooled with a pulse-tube-backed adiabatic demagnetization 
refrigerator (ADR). The regulated bath temperature was 70mK (~5mK rms). Each TES channel output was 
coupled to each individual first-stage SQUID amplifier.  

Precise absolute energy calibration was critical for this measurement. Energy calibration during data 
acquisition was performed using characteristic Ka and Kb X-ray lines of Cr, Co and Cu using an X-ray generator 
by electron bombardment. Timing information was also used for rejecting the background signals. At around 6.30 
keV, a clear time-energy correlation corresponding to muonic Ne 5->4 X-rays was successfully observed. The 
achieved energy resolution in the beam condition was concluded to be ~6 eV (FWHM) at 6.30 keV, which is 
evaluated to be enhough for enough an accuracy of 0.1 eV. 
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Figure 2 The detected muonic x-ray from the transitions of 5g-4f and 5f-4d. Note that a peak of µBe originates 
from the Be-foil window of the TES detector.    
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[Category 1] 
 

Nano-size effect on the La-based high-TC superconducting oxides 
― Abnormal modulation of the magnetic correlation at the boundary of CuO2 planes ― 

��� � ��#��
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―CuO2"�������!����  ���
�
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Despite the fact that 30 years have passed since its discovery, high-temperature 
superconductors still contain many mysteries and are being studied from various perspectives. 
In the history of research conducted so far, efforts have always been made to synthesize fine, 
large single crystal samples. Such large-scale single crystals have enabled various studies and 
obtained a lot of information on the mechanism of high-temperature superconductivity and its 
antiferromagnetic correlation. In these discussions, it is premised that long-range magnetic 
correlation based on crystal continuity over the entire sample is realized, and conversely, most 
studies in which the magnetic correlation is spatially partitioned. Specifically, it is not obvious 
that the electronic state of the entire 
crystal changes when the magnetic 
correlation is broken at the layer 
boundary of the two-dimensional 
CuO2 plane, which reflects the 
low-dimensionality of the La-based 
copper oxide crystal. This issue is 
an interesting research theme 
related to the essence of magnetic 
correlation that forms the basis of 
high-temperature superconductors. 
Such research themes are 
represented by thin film research 
by sputtering, but the problem of 
crystal distortion due to the 
difference in the structure of the 
crystal growth substrate and the 
structure of the crystal itself cannot 
be avoided, and the breakage of the 

Figure 1 Zero-field µSR time spectra of four nano-particle 
samples of La2CuO4 measured at various temperatures. Sizes of 
nano particles are 69, 96, 153 and 286 nm determined by the 
X-ray diffraction measurement. The µSR experiments were 
carried out the RIKEN-RAL Muon Facility in the UK by using 
a pulsed muon beam.  
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magnetic correlation at the layer boundary is unavoidable. We have developed a 
high-temperature La-based copper oxide superconductor into nanoparticles, and created a 
magnetic correlation fracture surface at the interface between the surface (shell) and center 
(core) of the particles to change the electronic state. As research tools, magnetic measurements 
using a magnetic quantum meter and µSR, and particle size measurements using X-ray 
scattering and transmission electron spectroscopy were performed.  

We synthesized four kinds of nanoparticles of La2CuO4 (LCO), which is a substance of 
La-based copper oxide high temperature superconductor, and identified the particle sizes as 69 
nm, 96 nm, 153 nm and 286 nm, respectively. Figure 1 shows µSR time spectra measured in 
zero-field for each sample. LCO exhibits an antiferromagnetic transition at about 325 K in the 
bulk state and the spontaneous muon-spin rotation associated with antiferromagnetic alignment 
of copper spins is observed. As shown in Fig. 1, muon-spin precession was observed at low 
temperatures in each LCO sample. It was found that the ground state is an antiferromagnetically 
ordered state like the bulk state. The muon-spin precession amplitude becomes smaller as the 
particle size becomes smaller. Since the precession amplitude reflects the magnetic volume 
fraction of the antiferromagnetic ordered state, this result means that the region showing the 
antiferromagnetic ordered state decreases with the grain size. 

The muon-spin precession frequency is the same as the rotation frequency in the ground 
state as observed in the bulk state. The muon-spin precession frequency corresponds to the 
spontaneous internal magnetic field at the muon position. The internal magnetic field also 
reflects the alignment of the magnetic moment of Cu surrounding the muons. That is, the 
magnitude and alignment of the magnetic moment of Cu in the antiferromagnetically ordered 
state in the nanoparticles are the same as in the bulk state.  

It was also found that the precession amplitude decreased with increasing temperature but 
the frequency did not change significantly. This means that the magnetic structure in the 
magnetically ordered state does not change and only its volume fraction decreases with 
temperature. Surprisingly, it was found that reducing the size of LCO nanoparticles dramatically 
reduces the magnetic transition temperature at which the internal magnetic field becomes zero. 
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�
'HKDORJHQDWLYH� F\FORDGGLWLRQ� UHDFWLRQ� LV� D� SRZHUIXO� VWUDWHJ\� WR� JHQHUDWH� QHZ� ULQJ� VFDIIROGV� ZLWK� ʌ�

FRQMXJDWHG�IHDWXUHV�RQ�WKH�VXUIDFH�����DQG�WKXV�KROGV�JUHDW�SURPLVH�WRZDUGV�DWRPLFDOO\�SUHFLVH�HOHFWURQLF�GHYLFHV�
RU�QDQRPDWHULDOV��+RZHYHU��WKHUH�DUH�VWLOO�XQFHUWDLQWLHV�RI�WKH�LQWHUPHGLDWH�VWDWHV�LQYROYHG�LQ�WKH�RYHUDOO�UHDFWLRQ�
DQG�ODFN�RI�XQGHUVWDQGLQJ�RI�XQGHUO\LQJ�PHFKDQLVPV��ZKLFK�DUH�SUDFWLFDO�REVWDFOHV�WR�IXUWKHU�SUHFLVH�GHVLJQ�DQG�
RSWLPL]DWLRQ�RI�WKH�F\FORDGGLWLRQ�UHDFWLRQ�SURGXFWV��,Q�WKLV�VWXG\��ZH�FODULILHG�D�PHWDO�PHGLDWHG�GHKDORJHQDWLYH�
F\FORDGGLWLRQ� UHDFWLRQ� SDWKZD\� E\� YLVXDOL]LQJ� WKH� VWHS�E\�VWHS� HYROXWLRQ� RI� VWDEOH� ORFDO� PLQLPD� WRZDUG�
F\FORDGGLWLRQ�SURGXFWV�LQ�UHDO�VSDFH��)LJ�������

:H� FKRVH� WKH� ��������������KH[DEURPRWULSKHQ\OHQH� �+%73�� PROHFXOH� DV� WKH� PROHFXODU� SUHFXUVRU� ZLWK�
WKUHHIROG�RUWKR�GLEURPR�VXEVWLWXWLRQ�IRU�SRVVLEOH�GHKDORJHQDWLYH�F\FORDGGLWLRQ�LQWR�WZR�GLPHQVLRQV�RQ�$J�������
%DVHG�RQ�RXU�VWHSZLVH�DQQHDOLQJ�VWUDWHJ\�DQG�VFDQQLQJ�WXQQHOLQJ�PLFURVFRS\��670��REVHUYDWLRQV��ZH�FDSWXUHG�
VWDEOH�ORFDO�PLQLPD�LQ�WKH�UHDFWLRQ�SDWKZD\��L�H���LQWDFW�+%73��PRQR�GHEURPLQDWHG�+%73�UDGLFDO��GHEU�+%73���
GRPLQDQW� RUJDQRPHWDOOLF� GLPHU� DQG� PLQRU� GHEU��+%73� GLUDGLFDO�� WZR�GLPHQVLRQDO� ��'�� RUJDQRPHWDOOLF�
QHWZRUN�DQG�ILQDO�F\FORDGGLWLRQ�SURGXFWV��

%DVHG�RQ�WKH�H[SHULPHQWDO�REVHUYDWLRQV��ZH�IXUWKHU�
FDOFXODWHG� WKH� DGVRUSWLRQ� FRQILJXUDWLRQV� RI� WKH�
PROHFXODU�SUHFXUVRU��LQWHUPHGLDWH�VWDWHV��ILQDO�FRYDOHQW�
ERQGHG� QDQRVWUXFWXUHV�� DQG� WKH� FRUUHVSRQGLQJ� VHOI�
DVVHPEOHG� VWUXFWXUHV� RQ� $J������� 2QH� W\SLFDO�
LQWHUPHGLDWH� VWDWH�� WKDW� LV�� WKH� �'� RUJDQRPHWDOOLF�
QHWZRUN�VWUXFWXUH��LV�VKRZQ�LQ�)LJ���D�DV�DQ�H[DPSOH��)LJ���D�GLVSOD\V�QLFH�
DJUHHPHQW� EHWZHHQ� WKH� H[SHULPHQWDO� DQG� WKHRUHWLFDO� UHVXOWV�� IXUWKHU�
FRQILUPLQJ�WKH�UDWLRQDOLW\�RI�WKH�K\SRWKHVLV��

)LQDOO\��DW�KLJKHU�WHPSHUDWXUH��'�FRYDOHQW�QHWZRUNV�DUH�IRUPHG�DIWHU�
VHYHUDO�FRPSHWLQJ�LQWHUPHGLDWH�VWDWHV��)RXU�HOHPHQWDU\�FRPSRQHQWV��L�H���
GRPLQDQW�GL�73��DOVR�FLV�%73�DQG�WUDQV�%73��DQG�RQH�PLQRU�WULV�73��DUH�
IRXQG�WR�EH�LQYROYHG�LQ�WKH�FRYDOHQW�QHWZRUNV��)LJ���E�VKRZV�RQH�FRYDOHQW�
ERQGHG�ULQJ�VWUXFWXUH��ZKLFK�LV�FRQVWUXFWHG�E\�WKH�GL�73�XQLWV�YLD�>���@�
F\FORDGGLWLRQ�UHDFWLRQ��)LJ���F�H���7KH�ZHOO�UHVROYHG�SKHQ\O�ULQJV�LQGLFDWH�
WKH�GLUHFW�FRUUHODWLRQ�EHWZHHQ�WKH�H[SHULPHQWDO�UHVXOWV�DQG�WKH�VWUXFWXUDO�
PRGHO�� ZKLFK� SURYLGHV� JRRG� FRQVLVWHQF\� LQ� ERWK� GLPHQVLRQV� DQG�
WRSRJUDSK\��%HVLGHV�� WKH� DELOLW\� LQ� WKH� QLFH� LQWHUSUHWDWLRQ�RI� ORQJ�UDQJH�
SRO\PHUV� EDVHG� RQ� WKH� HOHPHQWDU\� FRPSRQHQWV� IXUWKHU� SURYLGHV� VROLG�
HYLGHQFH�WR�VXSSRUW�WKH�DVVLJQPHQW�RI�GLIIHUHQW�ERQGLQJ�PRGHV��

2Q� WKH� EDVLV� RI� WKH� VWUXFWXUDO� PRGHOV�� WKH� FOLPELQJ�LPDJH� QXGJHG�

)LJ����6FKHPDWLF�LOOXVWUDWLRQ�RI�WKH�PHWDO�PHGLDWHG�GHKDORJHQDWLYH�
F\FORDGGLWLRQ�UHDFWLRQ�SDWKZD\�RI�+%73�PROHFXOH�RQ�$J�������

)LJ�����D��6XEPROHFXODUO\�UHVROYHG�670�LPDJH�
RI� WKH� RUJDQRPHWDOOLF� QHWZRUN� �DV� RQH� W\SLFDO�
LQWHUPHGLDWH�VWDWH��SDUWLDOO\�VXSHULPSRVHG�ZLWK�
WKH� FRUUHVSRQGLQJ� ')7� VLPXODWLRQ� �WKH� JUD\�
SDUW��DQG�VWUXFWXUDO�PRGHO�RQ�$J��������E��7KH�
670� LPDJH� RI� RQH� >���@� ULQJ� VWUXFWXUH�
VXSHULPSRVHG� ZLWK� WKH� FKHPLFDO� VWUXFWXUH�� �F��
&KHPLFDO� VWUXFWXUH�� �G�� 6XEPROHFXODUO\�
UHVROYHG� 670� LPDJH�� DQG� �H�� &RUUHVSRQGLQJ�
670�VLPXODWLRQ�RI�GL�73�XQLW��
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HODVWLF�EDQG��&,�1(%��PHWKRG�KDV�EHHQ�XVHG�WR�ILQG�WKH�WUDQVLWLRQ�
VWDWHV��DQG�VXEVHTXHQWO\��WKH�SRVVLEOH�UHDFWLRQ�SDWKZD\V�ZLWK�WKH�
FRUUHVSRQGLQJ� UHDFWLRQ� EDUULHUV� KDYH� EHHQ� GLVFRYHUHG� �)LJ�� ����
%DVHG� RQ� ERWK� H[SHULPHQWDO� DQG� WKHRUHWLFDO� LQGLFDWLRQV�� WKH�
XQGHUO\LQJ� PHFKDQLVPV� RI� WKH� RQ�VXUIDFH� GHKDORJHQDWLYH�
F\FORDGGLWLRQ�UHDFWLRQ�SURFHVV�KDYH�EHHQ�UHYHDOHG�WR�SURYLGH�DQ�
DWRPLF�VFDOH�XQGHUVWDQGLQJ�RI�WKH�RYHUDOO�UHDFWLRQ�SURFHVV��

$V�VKRZQ�LQ�)LJ�����ZH�UHYHDOHG�WKDW�WKH�ILUVW�SURFHVV�FDQ�EH�
GLYLGHG� LQWR� WKUHH� SULPDU\� VWHSV�� Ϩ �� +%73� WR� GHEU�+%73�
�GHEURPLQDWLRQ��� ϩ �� GHEU�+%73� WR� RUJDQRPHWDOOLF� GLPHU�
�DGGLWLRQ� RI� DGDWRP� DQG� UDGLFDOV��� DQG� RQH� VLGH� GHEURPLQDWLRQ�
VWHS��ϩ �̓�GHEU�+%73�WR�GHEU��+%73��Ϫ��RUJDQRPHWDOOLF�GLPHU�
WR�WULPHU��DGGLWLRQ�RI�GLPHU�DQG�GHEU��+%73��� �

)LJ�� �D� VKRZV� WKH� VLPSOLILHG� HQHUJ\�GLDJUDP�RI� WKH�SURFHVV�
�VWDUWLQJ� IURP� +%73�� WKURXJK� GHEU�+%73�� DQG� VXEVHTXHQWO\�
RUJDQRPHWDOOLF� GLPHU� DQG� GHEU��+%73�� WRZDUG� RUJDQRPHWDOOLF�
WULPHU���LQ�ZKLFK�WKH�HQHUJ\�EDUULHUV�RI�HDFK�SURFHVV�DUH�SURYLGHG�
DORQJ� WKH� UHDFWLRQ� SDWKZD\V�� 7KH� W\SLFDO� UHDFWLRQ� SDWKZD\V�
LQYROYHG� DQG� WKH� FRUUHVSRQGLQJ� VWUXFWXUDO� PRGHOV� RI� WKH� ORFDO�
PLQLPD��L�H���LQLWLDO�VWDWHV��,6��DQG�ILQDO�VWDWHV��)6���DQG�WUDQVLWLRQ�
VWDWHV� �76�� DUH� GLVSOD\HG� LQ� )LJ�� �E�H�� 6XFK� NLQGV� RI� UHDFWLRQ�
SDWKZD\V�FDQ�EH�IXUWKHU�H[WHQGHG�WR�HYHQ�ODUJHU�DUHDV�IRUPLQJ��'�
RUJDQRPHWDOOLF�QHWZRUNV��

$V�WKH�ILQDO�SURFHVV���'�RUJDQRPHWDOOLF�QHWZRUNV�FRQYHUW�WR�
WKH�GRPLQDQW�GL�73�DQG�YHU\�OLPLWHG�WULV�73�XQLWV�YLD�IRUPDO�>���@�
DQG� >�����@�F\FORDGGLWLRQV� �FI��)LJ������7KH�HQGRWKHUPLF�PHWDO�
HOLPLQDWLRQ� SURFHVV� DQG� H[RWKHUPLF� F\FORDGGLWLRQ� SURFHVV� DPRQJ� XQVWDEOH� VXUIDFH�VWDELOL]HG� UDGLFDOV� KDYH�
IXUWKHU�EHHQ�UHYHDOHG�IURP�WKH�GHQVLW\�IXQFWLRQDO�WKHRU\��')7��FDOFXODWLRQV�� �

,Q� FRQFOXVLRQ�� ZH� H[SORUHG� WKH� RQ�VXUIDFH� VWHSZLVH� PHWDO�LQFRUSRUDWHG� F\FORDGGLWLRQ� UHDFWLRQ�
H[SHULPHQWDOO\�DQG�WKHRUHWLFDOO\��7KLV�VWXG\�FODULILHV�WKH�LQWHUPHGLDWH�VWDWHV�LQYROYHG�ZKHUH�WKH�PHWDO�VHUYHV�DV�
ERWK�SODWIRUPV�WR�VWDELOL]H�WKH�UDGLFDOV�DQG�VWHS�E\�VWHS�SDUWLFLSDWRUV�LQ�WKH�RUJDQRPHWDOOLF�LQWHUPHGLDWHV��,W�DOVR�
SURYLGHV�QHZ�PHFKDQLVWLF�LQVLJKWV�LQWR�WKH�F\FORDGGLWLRQ�UHDFWLRQ��ZKLFK�KDV�JXLGLQJ�VLJQLILFDQFHV�IRU�IXUWKHU�
SUHFLVH�GHVLJQ�DQG�RSWLPL]DWLRQ�RI�WKH�UHDFWLRQ�SURGXFWV��
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Molecular conductors have simple and clear electronic structures. This is mainly because only one kind of 
frontier molecular orbital (HOMO or LUMO) in each molecule contributes to the formation of a conduction 
band in conventional molecular conductors. In recent years, however, the number of molecular conductors 
that cannot be categorized to such a single-orbital system is increasing. This means that we should expand our 
perception toward a multi-orbital system where more than two molecular orbitals in the same molecule 
contribute to electronic properties and the orbital degree of freedom plays an essential role. A typical example 
of the multi-orbital system is 
single-component molecular 
conductor where the overlap of 
HOMO and LUMO bands 
generates conduction electrons. 
On the other hand, unusual 
electron transport properties of 
the Dirac electron system, 
where the occupied band 
contacts the unoccupied band 
at a point (Dirac point) with a 
linear dispersion relation in the 
wavenumber space (Dirac 
cone), has attracted a great deal 
of attention from theoretical 
and experimental viewpoints. 
A variety of materials with 
Dirac points in energy band 
structure have been developed. 
However, the number of 
systems where the Dirac point 
is located in the vicinity of 
Fermi level is still limited.  

We demonstrated that the Dirac electron system emerges in a single-component molecular conductor 
based on a metal dithiolene complex [Pd(dddt)2] (dddt = 1,4-dithiin-2,3-dithiolate, Fig. 1(a)) under high 

Figure 1 (a–e) Dirac cone formation in [Pd(dddt)2] under high pressure. (a) Crystal 
structure of [Pd(dddt)2] that consists of two crystallographically independent 
molecular layers. (b) Band structure that indicates a normal band insulating state 
under low pressure. (c) Dirac cones under high pressure generated by DAC. (d) 
The Dirac point describes a loop in the reciprocal lattice. A slight variation (±0.4 
meV) of the energy from the Fermi level on the loop gives electron pockets and 
hole pockets. Such a system is called a topological nodal line semimetal.  (e) 
Temperature dependence of resistivity under pressure.   
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pressure.1 The crystal of [Pd(dddt)2] is an insulator at ambient pressure. The application of hydrostatic 
pressure using the diamond anvil cell (DAC) technique suppressed resistivity and activation energy. At 12.6 
GPa, the resistivity hardly changes in almost all the temperature range  (Fig. 1(e)). The first-principles 
density functional theory (DFT) calculations revealed that the Dirac cones are formed under pressure, which is 
consistent with the temperature-independent resistivity (zero-gap behavior). The Dirac cone formation in 
[Pd(dddt)2] can be explained by a tight-binding model.1–3 In the low pressure region, [Pd(dddt)2] is a normal 
band insulator that includes fully occupied HOMO band and completely empty LUMO band with opposite 
curvatures (Fig. 1(b)). Since the metal dithiolene complexes with the square planar coordination geometry 
have a small HOMO-LUMO energy gap, enlargement of the bandwidth by the application of pressure can 
induce overlapping energy bands. Indeed, the HOMO band and the LUMO band overlap under pressure, 
which induces electron transfer from the HOMO band to the LUMO band. The Dirac point emerges when the 
HOMO and LUMO bands meet on the surface where HOMO-LUMO interactions are absent, that is, the gap 
formation does not work (Fig. 1(c)). The Dirac point is located near the Fermi level. This is a prominent 
feature of the single-component molecular system. The Dirac point forms a loop in the three-dimensional 
reciprocal lattice and its energy varies slightly from the Fermi level on the loop, which provides electron 
pockets and hole pockets. (Fig. 1(d)). This means that the system is a nodal line semimetal.  

These results indicate that single-component 
molecular conductors can easily provide the Dirac 
electron system. Indeed, after our work, an 
ambient-pressure Dirac electron system based on a 
single-component molecular conductor [Pt(dmdt)2] 
(dmdt = dimethyltetrathiafulvalenedithiolate) was disclosed by the first principles DFT band calculation.4 We 
derived a tight-binding model for [Pt(dmdt)2] and indicated that this system demonstrates a typical and simple 
example of the Dirac cone formation mechanism in the single-component molecular conductors, which 
promises the existence of next materials having similar electronic structures.5 
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Chirality plays an essential role in biological 

molecular recognition, such as neurotransmission. 
However, data at the molecular level are scarce. 
X-ray crystal structures of active β2-adrenergic 
receptors in interactions with their agonists are 
limited to agonists with natural chirality. Computer 
modelling and site-directed mutagenesis suggest that 
interactions involving β-OH located on the chiral 
carbon atom of adrenaline could be essential for 
achieving stereoselectivity.1 Recent crystal structures 
of the agonist-bound β2-adrenergic receptor reveal 
that recognition of the ligand involves a limited 
amino-acid sequence localized on the fifth 
transmembrane (TM-V) helix, namely SIVSF (S : 
serine, I : Isoleucine, V : Valine, F : phenylalanine).2 
This sequence acts as a binding site of the catecholamine agonists, with the two serine residues forming 
hydrogen bonds with the two catechol hydroxyls of the agonist.2 These results prompted a gas-phase 
spectroscopic study concerning recognition of the partial CH3CO-SIVSF-NHCH3 peptide of the β2-adrenergic 
receptor by proper (agonist) or non-proper neurotransmitters,3 protonated like at physiological pH. 
Low-temperature gas-phase studies allow for the characterizing of molecular recognition without any 
conformational isomerism and multiple interaction sites. By combining a cryogenic ion trap (10K) equipped 
with an electrospray ionization (ESI) source with conformer-selective laser spectroscopy, we evidenced 
different binding patterns between SIVSF and proper or non-proper ligands.3 While proper ligands, such as 

Figure 1 UV spectra of complexes of the SIVSF peptide 
with a) L-AdH+6 and b) D-AdH+ measured by UVPD 
spectroscopy which detects the photofragment m/z 607. 
Arrows and letters a-g indicate the bands probed by the 
UV laser when IR dip spectra were measured.   
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protonated L-adrenaline (L-AdH+, see Figure 1b), form both catechol-bound and amino-bound complexes 
with SIVSF, only the amino-bound complex is observed for non-proper catecholamines ligands (noradrenaline 
and dopamine), although both ligands have catechol ring. Moreover, SIVSF adopts an α-turn structure, i.e. the 
shape of the TM-V helix under natural conditions, in catechol-bound complexes as well as the SIVSF 
monomer.3 From an X-ray structural analysis, the SIVSF motif is thought to interact with the catechol ring 
only; however, results have revealed that SIVSF identifies the difference of amine chains. In this work, we 
interrogated the effect of chirality on the recognition process by comparing the structures of SIVSF-(L-AdH+) 
and SIVSF-(D-AdH+) complexes.  

The UV spectrum of the SIVSF-AdH+ 
complex changed drastically when L-AdH+ was 
replaced by its enantiomer (Figure 1). The 
isomer-selected IR spectra shown in Figure 2 
revealed that D-AdH+ was bound to SIVSF by 
its protonated amino-group or a single catechol 
OH, and induced non-helical secondary 
structures of SIVSF. This is in sharp contrast to 
the helical SIVSF complex with L-AdH+, which 
is close to the natural binding structure with two 
catechol OHs binding in the receptor. This 
shows that a short pentapeptide SIVSF can 
distinguish the chirality of the ligand AdH+ as 
well as the receptor. This stereoselectivity is 
suggested to arise from an additional interaction 
involving the hydroxyl group on the chiral 
carbon. (Published as a cover paper of JPCL4) 
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Figure 2 Isomer-selected IR spectra measured by IR-UV ion 
dip spectroscopy when the UV laser frequency was fixed to 
the bands at a and b of L-AdH+ complexes, and c ~ g of 
D-AdH+ complexes in the UV spectra (see Figure 1).   

－101－



 [Category 1] 
Interaction of Proteins with Other Molecules Regulates Biological Functions 

��
	������������������

 
Yoshitsugu Shiro1, Hitomi Sawai1, Takehiko Tosha2, Yasuhiro Koteishi1, and Hiroshi Sugimoto2 

1Cellular Regulation Laboratory, University of Hyogo, 2RIKEN RSC 
  

 

Interaction of a protein with other molecules, e.g., other proteins, is essential process to regulate cellular 
function in living system. Hydrophobic, electrostatic, hydrogen-binding and van der Waals interaction 
promote formation of protein-protein complex, and molecule(s), group(s) or ion(s) can be transferred from 
one protein to others as a signal or substrates for next catalytic steps. In our study, we have utilized structural 
biological techniques such as X-ray crystallographic and small angle X-ray scattering techniques for 
characterization of such interaction in the complex. Our targets were enzymes involved in bacterial 
denitrification process, and proteins in bacterial oxygen (O2) sensor system.  

 
1. Complex of Nitic Oxide Reductase and Nitrite Reductase 

Denitrification is one of an anaerobic respiration system of microorganisms, in which nitrate (NO3
-) and 

nitrite (NO2
-) ions are converted into dinitrogen gas (N2), through an intermediate formation of nitric oxide 

(NO) and nitrous oxide (N2O). The denitrification is a part of the important process in the global nitrogen 
cycle, and consists of four reaction steps, all of which are catalyzed by four metal-binding enzymes. On 
intermediate, NO, is produced in one-electron reduction reaction catalyzed by Fe-containing Nitrite Reductase 
(NiR): NO2

- + e- + H+ à NO + H2O. NO thus generated is a radical molecule, and exhibits a high 
cyto-toxicity, usually leading a cell death. However, the denitrification microorganisms can survive under 
denitrification condition, because it is decomposed into non-toxic N2O (detoxification) in the two-electrons 
reduction reaction catalyzed by Fe-containing Nitric Oxide Reductase (NOR): 2NO + 2e- + 2H+ à N2O + 
H2O. So, there should be a mechanism which promotes 
a smooth transfer of NO from water-soluble NiR to 
membrane-integrated NOR.  

We tried to co-crystalize NOR and NiR, and 
succeeded in structural determination of NOR/NiR 
complex1, 2. On the basis of this crystal structure, we 
have proposed that NiR dimer attaches NOR monomer 
in the cellular system, as shown in Figure 1. In the 
interface of NOR-NiR interaction, in addition to van 
der Waal contact, electrostatic interaction of Arg71 
(NiR) - Glu119 (NOR) was found. Mutation of 
negatively charged Glu119 to positively charged Arg 
retarded growth of the bacterium, suggesting that the 
interaction between NOR and NiR is responsible for the 
bacterial survival. Molecular dynamic simulation, 
which was carried out by the RIKEN Sugita’s group, 

NOR

NiR

Figure 1. Structure of NiR-NOR Complex 
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showed that hydrophobic NO molecule produced by NiR could rapidly move from aqua-phase to cellular 
membrane, and then migrate into the active site of NOR through the hydrophobic channel. These observations 
suggested that, upon the complex formation, the water-soluble NiR can be located in close proximity of both 
cellular membrane and NOR for rapid decomposition (detoxification) of NO without diffusing it into the cell. 
This was a first report to discuss the NO dynamics in cellular system in structural terms of the related 
enzymes.    

 
2. Oxygen Sensing FixL/FixJ System 

Oxygen (O2) is an important element for life, e.g., for aerobic 
respiration, it is a resource of our living energy, while, for anaerobic 
living microorganisms, it is highly toxic. Nitrogenase in root nodule 
bacteria can catalyze the nitrogen fixation reaction (N2 + 6e- + 6H+ à 
2NH3), which is also a part of the global nitrogen cycle. Since 
nitrogenase is labile under aerobic condition, the rood nodule bacteria 
regulate expression of this enzyme in genetic level in response to the 
O2 concentration in soil. So the bacteria have the O2 sensing system, 
so-called FixL/FixJ system. This system consists of two proteins FixL 
(histidine kinase) and FixJ (response regulator). The O2 binding to the 
heme iron (Fe) in the sensor domain of FixL acts as a triger to induce 
the conformational change of the histidine kinase domain, resulting in 
phosphor-transfer reaction from ATP to FixJ. Thus, elucidation of 
interactions of domain-domain in FixL and of FixL-FixJ is quite 
important to understand the intra-molecular and inter-molecular signal 
transduction in the O2 sensing mechanism. For this purpose, we characterized the FixL-FixJ complex structure 
in solution by the small angle scattering techniques3. Since the crystallographic analysis of such multi-domain 
proteins was quite difficult, our result provided a first description of the overall structure, but not in an atomic 
level, of the O2 sensing system (Figure 2).       
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Figure 2. Structure of FixL-FixJ 
Complex 
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In nanobiotechnology, special interest has been converging on gold nanoparticles densely functionalized with 
single-stranded DNA (ssDNA–AuNPs). This is because the particles show beneficial traits that arise from a 
combination of base complementarity of DNA and physical/chemical properties of AuNP. In 2003, our group 
identified their extraordinary colloidal behaviors (Fig. 1).1,2 The ssDNA–AuNPs remain stably dispersed even 
in an aqueous medium of high ionic strength, due to an interparticle electrostatic and steric repulsion. By contrast, 
when the complementary ssDNAs are added to form DNA duplexes on the AuNP surface, the resultant double-
stranded (ds) DNA–AuNPs are spontaneously and rapidly aggregated 
under the same conditions. Interestingly, the dsDNA–AuNPs continue 
to stably disperse when a terminal mismatch exists on the periphery of 
the dsDNA layer surrounding the AuNP core. An investigation using 
colloidal probe atomic force microscopy suggested that the interparticle 
attractive forces were dominated by π−π stacking interaction between 
the base pairs at the solution-facing termini.3 In this research project, 
we have been trying to apply the unique colloidal properties to directed 
self-assembly of DNA–AuNPs towards development of new methods 
to construct functional nanomaterials. Below we summarize three 
achievements.  

 
Directed Assembly of Anisotropic Nanoparticles. Initially, we focused on structurally anisotropic gold core, 
instead of isotropic spheres that have consecutively been used. Gold nanorods (AuNRs) region-selectively 
modified with different ssDNA spontaneously formed side-by-side and end-to-end assemblies in a non-
crosslinking manner (Fig. 2).4 When the complementary ssDNA was hybridized to the surface-grafted ssDNA, 
stacking interaction between the blunt ends took place in the 
designated regions. Such AuNRs assembled into highly 
ordered structures, assisted by capillary forces emerging 
during evaporation on the substrate surface. Furthermore, 
insertion of a mercury(II)-mediated thymine–thymine base 
pair into the periphery of the DNA layer allowed selective 
formation of the side-by-side or end-to-end assemblies from 
the strictly identical AuNRs with or without mercury(II). 
Similar directed assembly was also achieved using gold 
nanoplates region-selectively modified with different ssDNA.5  
  

Figure 2. TEM images of end-to-end (left) and 
side-by-side (right) assemblies of DNA–AuNRs.  
 

50 nm 50 nm

Figure 1. Schematics of the colloidal 
behaviors of DNA–AuNP.  

－104－



Directed Assembly of Nanoparticle Oligomers. Linear AuNP trimers were prepared by aligning both the fully 
matched and terminal-mismatched dsDNA–AuNPs on a DNA template in a defined order. The trimer underwent 
directed assembly, as revealed by electron microscopy (Fig. 3).6 The identity of the central particle controlled 
the structural anisotropy. The trimers containing the terminal-mismatched or fully matched dsDNA–AuNP at 
the center selectively assembled in an end-to-end or side-by-side 
manner, respectively. Further, similar trimers having a central 
terminal-mismatched particle larger than the peripheral fully 
matched one formed assemblies that had small particles between 
the large particles. By contrast, the trimers with a central fully 
matched particle larger than the peripheral terminal-mismatched 
one formed an assembled structure in which the large particles 
were surrounded by the small particles. The anisotropy was 
programmable by the rule that an interparticle attractive force 
emerges only between the fully matched particles.  

 
Folding of Nanoparticle Chains. Longer chains of fully matched 
dsDNA–AuNPs (>100) underwent shrinkage and folding on the 
substrate surface (Fig. 4).7 Specifically, ssDNA–AuNPs were 
hybridized to a long repetitive ssDNA synthesized with rolling 
circle amplification to produce the precursory chains. TEM 
analysis revealed that the chains of fully matched dsDNA–AuNPs 
were folded to afford the two-dimensional AuNP arrays. In 
particular, the chains of dsDNA–AuNPs with short interparticle 
spacing formed the AuNP arrays with anisotropic interparticle 
spacing. This approach could be useful for readily aligning AuNPs 
on the substrate surface.  
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意義と波及効果：構造と物性が等方的なメゾスコピック・スケールの金属微粒子からなる集合体に、構造異方

性を誘導する新しい方法論を提案した。これは、分散安定性の異なるナノ粒子を DNAの相補性を利用して順
序を厳密に規定して配置し、DNA 末端間相互作用を空間的にデザインすることで達成された。特にナノ粒子
３量体の配向制御は、両親媒性低分子化合物（界面活性剤）や両親媒性ブロック・グラフト共重合体などの自

己組織化との類似性が指摘できる。集合体を構成するナノ粒子の数と順列を拡張すれば、これらの物質と同じ

くロッド型やベシクル型などの様々なナノ粒子集合体を構築できる可能性があり、次世代のデバイス作製に有

用と考えられる。 
 

50 nm50 nm

Figure 3. TEM images of end-to-end (left) and 
side-by-side (right) assemblies of DNA–AuNP 
trimers.  
 

Figure 4. TEM images of two-dimensional 
arrays of DNA–AuNPs with isotropic (left) 
and anisotropic structures (right).  
 

100 nm 100 nm
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The proton and the hydrogen are the 
fundamental constituents of the matter 
composing the universe. They are also the 
playground of high precision measurements and 
contributed to the formation of basic ideas of 
the fundamental physics. On the other hand, our 
understanding of the proton's inner structure is 
far from satisfactory yet. Recently, a surprise 
came out when the high-precision result of the 
proton charge radius was published1 in 2010. It 
showed a radius with more than 5σ deviations 
smaller than the average of the previous 
measurements. This discrepancy, "proton radius 
puzzle", still remains unsolved in spite of many works both experimentally and theoretically.  

In order to shed light on the puzzle, we propose to determine the proton Zemach radius, which is defined 
as a convolution of the charge distribution and the magnetic moment distribution. The proton Zemach radius 
can be derived from the hyperfine splitting (HFS) of the muonic hydrogen atom. There has been only one 
measurement using muons so far, which is indirect as a difference between two transitions in the excited states 
and had 3% error. We plan a new measurement to better than 1% precision by directly exciting the transition 
between 1s hyperfine states of the muonic hydrogen2. This will clarify whether the muon anomaly exists in 
Zemach radius also or not. 

There has been no measurements of the hyperfine splitting of the muonic hydrogen in the ground state so 
far because the transition is slow as it is E1 forbidden and also there has been no good detection methods. We 
propose a new method utilizing the muon spin polarization caused by circularly polarized laser (Fig. 1). We 
are developing the key techniques such as the production of large amount of muonic hydrogen atoms and the 
high-intensity mid infra-red laser. 

We need a 6.8 µm laser with 20 mJ pulse power and frequency broadening of 100 MHz to excite the 
hyperfine transition. There is no coherent laser available that can directly produce this wave length, so we plan 
a wave length conversion with optical parametric oscillation (OPO) using ZGP crystal. The scheme under 
development is shown in Fig. 2. We are testing the Tm, Ho:YAG laser, and confirmed the generation of 2.09 

Fig. 1 Scheme of the HFS measurement. By irradiating a 
circularly polarized laser of the right wavelength, a 
selected state of the triplet is fed, resulting in the muon 
spin polarization followed by asymmetric emission of an 
electron when the muon decays.  
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µm laser with pulse width less than 150 ns, which will be used as an input for wavelength conversion and 
amplification with OPO and OPA3.  

For the formation of muonic hydrogen, we studied the stopping of negative muons in hydrogen gas at the 
RIKEN-RAL Muon Facility. By choosing the low momentum muons, we confirmed that a good stopping 
efficiency can be expected even for a density gas with density as low as 0.1% of the liquid hydrogen.  

One essential requirement from this method is 
that the muon spin polarization formed by the laser 
excitation is held until the polarization is detected 
by the muon decay. The largest obstacle is the spin 
depolarization by the inelastic collision with 
surrounding hydrogen atoms, for which rate there 
has been only theoretical calculations. In order to 
measure the rate, we carried out the muon spin 
rotation measurement first with the deuterium gas in 
Sep 2018. When polarized negative muons are injected in a deuterium gas, the formed muonic atom is 
expected to have some residual muon spin polarization. The spin precession of the muonic deuterium was 
observed under the applied transverse field of 12 mT by the asymmetric decay of the muon decay electrons as 
in Fig. 3. This was the first clear observation of the precession spectrum at low density as low as 0.1 % of the 
liquid hydrogen density (LHD). The result is being interpreted with the cascade model in the muonic atom.  

 After the successful measurement with muonic deuterium, we carried out the measurement with muonic 
hydrogen in Dec 2019. Muonic hydrogen is expected to have higher collisional de-excitation rate, so we had 
to decrease the density further down to 0.005% of LHD to hold the polarization, which resulted in smaller 
muon stopping efficiency. Even though, we obtained a signal which will be attributed to the muon spin 
precession. The data is under detailed analysis.  

Towards the realization of the laser resonant excitation 
measurement, we are progressing improvement of the laser 
system with further tuning, doubling of the light source, 
and the design of the laser cavity in the target cell.  
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Fig. 2: Schematics of the mid-infrared laser� 

Fig. 3: Muon spin precession spectra of µ-d 
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Figure 1: Concept of the streaming DAQ system 

 

Figure 2: In-Beam Setup and Data Flow in the Streaming DAQ system 
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As a next generation high luminosity hadron 
and nuclear physics experiment, J-PARC E50 
requires measurement of multiple reaction 
channels simultaneously with enormous amount 
of data from detectors. Traditional counter 
experiments with hardware event trigger 
technique cannot fulfill such requirements. 
Therefore, we propose to develop a 
high-throughput trigger-less data acquisition 
system (DAQ) to face this challenge. The 
proposed DAQ has the following features: 1) capability to handle MHz order event rate and a data throughput 
of 10GB/s in average; 2) optimized online filtering and tracking algorithm to select physics event effectively 
with 99% background suppression; 3) entirely implemented with general purpose computing devices (CPU 
and GPU). 

The concept of the proposed DAQ is illustrated in Fig.1. There are four stages in the proposed trigger-less 
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Figure 3: CPU and Memory Consumption among 40 

CPUs and 256 GB Memories 

DAQ: buffering, packing, tracking and storing. The digitized signals from detectors (TDC and ADC) carrying 
global time stamp are sent to buffer stations first via fast Ethernet connection. Data from different detectors 
are merged and packed into event candidates at packer stations. The packed events are then fed into tracker 
stations as shown in Fig.1, where data filtering and tracking are performed by software. Only charm related 
physics events passed those filtering and tracking are saved into local storage devices for offline data analysis. 

We have developed FPGA based streaming TDC modules with synchronization capability. A prototype 
DAQ software was prepared based on FairMQ 1. We have carried out in-beam test for the idea of streaming 
DAQ in December of 2018, at ELPH of Tohoku University, which clearly demonstrates the feasibility of the 
proposed setup. The schematic setup used for the in-beam test is shown in Fig.2. In total, 128 channels of 
scintillation fiber, 14 channels scintillation counter and 30 channels of drift chamber are read by six streaming 
TDC modules without trigger selection. All six streaming TDC modules (HUL 2) worked at their highest 
throughput (1Gpbs) without obvious data loss. This is an important evidence for the transportation capability 
of TCP/IP technique in near real time condition. 

During the in-beam test, we tested two types of 
online processing algorithm to pack data from 
different TDC modules together and suppress 
random hits from detectors. The first method is to 
employ standard C++ algorithm (inplace_merg()) 
to merge and sort the TDC data. The online 
performance was found that one needs ~25GB 
RAM and ~25 CPU cores to handle 6Gbps data 
throughput. However, the performance is also 
strongly dependent on the data segment size: a 
smaller data segment to be processed the better 
performance can be expected. There is still some 
possibility to optimize this method by fine tuning the data segment. Another method we tested is named as 
fixed time window method. We divide the global TDC data into 1µs wide time window, which is mapped to a 
fixed address in RAM space. By checking the multiplicity information of each time window, we will be able 
to suppress the dark counts from hot channels. The performance of this method is given in Fig.3. It is apparent 
that this method is more economic and allow us to perform further online processing such as hit position 
finding by using pre-built look-up table. In any case, we have achieved an important goal by demonstrating 
the data processing capability of modern server machine and established the feasibility of streaming DAQ. 
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Exotic nuclei are characterized by a number of excess neutrons (or protons) relative to stable nuclei. Their 
shell structure, which represents single-particle motion in a nucleus, may vary owing to nuclear force and 
excess neutrons, in a phenomenon called shell evolution. This e൵ect could be counterbalanced by collective 
modes causing deformations of the nuclear surface. We studied the interplay between shell evolution and 
shape deformation by focusing on the electromagnetic (EM) nuclear moment of an excited (isomeric) state of 
the neutron-rich nucleus 75Cu,1 where low-lying states of the Cu isotopes exhibit an intriguing behavior 
involving the shell evolution.2–4  

Experimentally, however, it is not easy to perform the nuclear EM moment measurements for such 
extremely neutron-rich nuclei using conventional experimental methods. In order to determine nuclear EM 
moment from the anisotropy of the Ȗ rays emitted, we have to produce the nuclear spin alignment. In the case 
of extremely neutron-rich nuclei such as 75Cu, a new method to collect the RIs efficiently while producing the 
large nuclear spin alignment is indispensable because of the very low production yields. Recently, the 
“dispersion-matching two-step projectile-fragmentation (PF) method” has been developed as a new spin 
manipulation technique for RI beams.5 This method obtains an RI beam with a high production yield while 
producing universally high spin alignment for a large variety of RIs. A proof-of-principle experiment was 
performed at the RIBF facility. The application of this method has enabled the measurement for 75Cu. 

The magnetic moment measurement was carried out at the BigRIPS at RIBF. Spin alignment as large as 
30% was achieved in the isomeric state of 75Cu by a scheme of two-step projectile fragmentation with a 
technique of momentum-dispersion matching,5 incorporating an angular-momentum selecting proton removal 
from 76Zn. The magnetic moment was determined using the time-di൵erential perturbed angular distribution 
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(TDPAD) method. Owing to the high spin alignment realized by the refined two-step scheme, the observed 
oscillation for the 66.2-keV Ȗ rays in the TDPAD spectrum had a significance greater than 5ı. The magnetic 
moment of the 66.2-keV isomer with spin parity Iʌ = 3/2í was determined to be µ = 1.40(6) µN. 

The magnetic moment, thus obtained, demonstrated a considerable deviation from the Schmidt value, µ = 
3.05 µN, for the p3/2 orbital. Figure 1 shows the systematics of magnetic moments of the 3/2í and 5/2í states, 
where deviation from the Schmidt values appears to be maximal at 75Cu. The analysis of the magnetic moment 
with the help of Monte Carlo shell model (MCSM) calculations7 reveals that the trend of the deviation 
corresponds to the e൵ect of core excitation and the low-lying states in 75Cu are, to a large extent, of a 
single-particle nature on top of a correlated 74Ni core, elucidating the crucial role of the shell evolution even in 
the presence of collective mode.6 
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Figure 2 Systematics of magnetic moments for odd-A 
Cu 
data for 3/2í and 5/2í states, respectively. Filled red 
circle represents the result obtained in this work. Solid 
green and blue lines represent MCSM calculations for 
3/2í and 5/2í states, respectively, with 20 (N, Z) 56 
model space.

 
µ(ʌp3/2) and µ(ʌf5/2) denote the proton 

Schmidt values for p3/2 and f5/2, respectively. 

Figure 1 Arrangement of the BigRIPS RI separator for the 
present spin-aligned 75Cu beam under the scheme of 
dispersion-matching two-step nuclear reaction. 
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The RIKEN Cryogenic Electrostatic Ion Storage ring 
(RICE) has been operated at cryogenic temperatures 
down to 4.2 K [1], which enables the storage of the atomic 
and molecular ions for the long period of the order of 
1000 s or longer. RICE opened a new opportunity to study 
slow excitation and de-excitation dynamics of molecular 
ions through observation of the time evolution of the 
populations at the specific vibrational and rotational 
levels, which is one of the cutting edge topics in the 
present atomic and molecular physics.  

We studied the radiative cooling  process of a 
triatomic molecular stored in RICE, which possesses a 

new challenge on understanding the quantum systems at the discrete level region with multiple degree of freedom.  
In general, rotational and vibrational RC processes of triatomic molecules are slow, which has never been explored 
before, due to small permanent dipole moments. Additionally, the increased number of degrees of freedom: multiple 
vibrational and rotational modes and their mutual interactions make the dynamics much more complicated. We 
employed N2O+ possessing three vibrational modes (v1 v2 v3) as the target of our study. This molecule is known to 
produce neutral fragments by photodissociation, and the distribution of rotational and vibrational states in the X2P 

 
 
Figure 1 Photo of electrodes of RIKEN Cryogenic 
Electrostatic Ion Storage ring (RICE) 

 
Figure 2 A2Σ+-X2Π photodissociation spectrum of N2O+ measured at a storage time of 9 ms. The wavelength region 
corresponds to the vibrational excitation of ∆v1= v’-v’’=2 sequence, with the main features attributed to the rotational 
band heads of the (v’00)-(v’’00). 
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electric ground state can be evaluated by predissociation 
processes via the A2S+ excited bound state using photons in the 
readily accessible near-ultraviolet (UV) wavelength range. The 
temporal evolution of their population can be conveniently 
monitored by changing the timing of the laser irradiation after 
the ion storage.  

Figure 2 is a typical example of the spectrum obtained 
as a function of the laser wavelength. We thus succeeded in 
obtaining a high-resolution rovibrational spectrum showing 
the detailed rotational level population, the quality of which is 
far better than previously measured by the conventional 
technique. Furthermore, we focused on three ∆ = +2 transitions 
for the symmetric stretching vibration of v1. We traced the 
evolution of the relative intensity of these yields by changing 
the timing of the laser irradiation. As shown in Fig.3, we found 
the significant radiative cooling behavior for the vibrationally 
excited states of (1 0 0) and (2 0 0) over a period of several 
seconds, while noticeable increase of the population of the 
ground state (0 0 0) was not observed. Supported by theoretical 
simulations of the population evolution, we concluded that the 
initial ion production by electron impact via Franck-Condon-
type transitions in the ion source explains our observation 
rather than a naive Boltzmann-type distribution. We pointed 
out that we can reach the conclusion, because the population 

distribution in each mode reflects its specific character in such multi-mode system. This discussion is in contrast to 
diatomic molecules that have been intensively studied in the past. Thus, our study will open a new insight for 
understanding the radiative cooling dynamics of polyatomic molecules having rich internal degrees of freedom. 
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Figure 3 Observed and simulated population 
evolutions for vibrational states as a function of 
ion storage time. The solid and dotted lines 
represent simulation results under initial 
distributions in thermal equilibrium and non-
equilibrium, respectively.  
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VWDWH�RI� WKH�DGVRUEHG�PROHFXOH�� ,Q� WKLV� VWXG\��ZH�

SURSRVH� D� GLUHFW� LQWUDPROHFXODU� H[FLWDWLRQ�

PHFKDQLVP� �)LJ�� �G�L���� RQ� WKH� EDVLV� RI� GLUHFW� REVHUYDWLRQ� RI� D�

SODVPRQ�LQGXFHG�FKHPLFDO�UHDFWLRQ�DW�WKH�VLQJOH�PROHFXOH�OHYHO�ZLWK�

D� VFDQQLQJ� WXQQHOLQJ� PLFURVFRSH� �670���� 'LPHWK\O� GLVXOILGH��

�&+�6���� ZDV� VHOHFWHG� DV� D� WDUJHW� PROHFXOH�� 2XU� SUHYLRXV� ZRUN�

UHYHDOHG�WKDW�YLVLEOH�OLJKW�LQGXFHG�SKRWRGLVVRFLDWLRQ�RI�WKH�6í6�ERQG�

LQ� �&+�6��� PROHFXOHV� DGVRUEHG� RQ�$J������ DQG� &X������ VXUIDFHV�

RFFXUV� WKURXJK� GLUHFW� HOHFWURQLF� H[FLWDWLRQ� IURP� KLJKHVW� RFFXSLHG�

PROHFXODU�RUELWDO��+202���WR�ORZHVW�XQRFFXSLHG�PROHFXODU�RUELWDO�

�/802��GHULYHG� PROHFXODU� RUELWDOV� �WKH� DQWL�ERQGLQJ� 6�6� �ı66��

RUELWDO���� �

$Q�$J�WLS�ZLWK�D�FXUYDWXUH�UDGLXV�RI�a���QP�ZDV�SRVLWLRQHG�RYHU�WKH�

PHWDO� VXUIDFH� WR� H[FLWH� WKH� SODVPRQ�RSWLFDOO\� DW� WKH�670� MXQFWLRQ�

�)LJ���D���7KH�6�6�ERQG�LQ��&+�6���ZDV�GLVVRFLDWHG�E\�WKH�SODVPRQ�

)LJXUH� �� �D�� ([FLWDWLRQ� DQG� �E�� F�� GHFD\� SURFHVVHV� RI� WKH� ORFDOL]HG�
VXUIDFH� SODVPRQ� RI� D� PHWDO� QDQRVWUXFWXUH�� �G±I�� ([FLWDWLRQ�
PHFKDQLVPV�RI�PROHFXOHV�DGVRUEHG�RQ�WKH�PHWDO�VXUIDFHV�GXULQJ�WKH�
H[FLWDWLRQ� DQG� GHFD\� SURFHVVHV� RI� WKH� SODVPRQ�� �G�� �L�� 'LUHFW�
LQWUDPROHFXODU� H[FLWDWLRQ� PHFKDQLVP� DQG� �LL�� FKDUJH� WUDQVIHU�
PHFKDQLVP�� �H�� ,QGLUHFW� KRW�HOHFWURQ� WUDQVIHU� PHFKDQLVP�� �I�� /RFDO�
KHDWLQJ�PHFKDQLVP���5HI���� 

)LJXUH� � �D�� 6FKHPDWLF� LOOXVWUDWLRQ� RI� WKH�
H[SHULPHQW�� �E�� 7RSRJUDSKLF� 670� LPDJHV� RI�
�&+�6���PROHFXOHV�RQ�$J������EHIRUH�DQG�DIWHU�
LUUDGLDWLRQ�ZLWK�S�SRODUL]HG�OLJKW�DW�����QP��7KH�
WLS� ZDV� SRVLWLRQHG� DW� WKH� FHQWHU� RI� FRQFHQWULF�
ULQJV�GXULQJ�OLJKW�LUUDGLDWLRQ���5HI����
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SUHIHUHQWLDOO\�XQGHU�WKH�WLS��ZKLFK�ZDV�UHYHDOHG�E\�WKH�VSDWLDO�GLVWULEXWLRQ�RI�LVRODWHG��&+�6���PROHFXOHV�EHIRUH�DQG�

DIWHU�WKH�H[FLWDWLRQ�RI�WKH�SODVPRQ��)LJ���E���)URP�D�FRPSDULVRQ�RI�WKH�VLPXODWHG�HOHFWULF�ILHOG�LQWHQVLW\��WKH�SODVPRQ�

LQGXFHG�GLVVRFLDWLRQ�KDV�D�VWURQJ�FRUUHODWLRQ�ZLWK� WKH�HOHFWULF� ILHOG� LQWHQVLW\�RI� WKH�SODVPRQ��7KH�ZDYHOHQJWK��O��
GHSHQGHQFH�RI� WKH�GLVVRFLDWLRQ�\LHOG��Y��ZDV�DOVR�H[DPLQHG��ZKLFK�LQGLFDWHV�WKH�SODVPRQ�HIILFLHQWO\�LQGXFHV�DQG�

HQKDQFHV�WKH�GLVVRFLDWLRQ�UHDFWLRQ�WKURXJK�WKH�VDPH�UHDFWLRQ�SDWKZD\�DV�SKRWRGLVVRFLDWLRQ��Q6�Ѝ� ı66��� �

5HDO�WLPH� REVHUYDWLRQ� ZLWK� WKH� 670� LQ� SODVPRQ�LQGXFHG� FKHPLFDO�

UHDFWLRQV�RI�VLQJOH�PROHFXOHV�SURYLGHV�LQVLJKWV�LQWR�WKH�HOHPHQWDU\�UHDFWLRQ�

SDWKZD\V��7XQQHOLQJ�FXUUHQW��It��LV�KLJKO\�VHQVLWLYH�WR�WKH�FKDQJH�LQ�WKH�JDS�

GLVWDQFH��DQG�WKXV�GLVVRFLDWLRQ�RI�D�VLQJOH��&+�6���PROHFXOH�FDQ�EH�GHWHFWHG�

IURP�D�FKDQJH�LQ�It�ZKHQ�WKH�670�WLS�LV�SRVLWLRQHG�RYHU�WKH�PROHFXOH�XQGHU�

OLJKW�LUUDGLDWLRQ��)LJ������7KH�UHDFWLRQ�SDWKZD\�LQLWLDWHG�IURP�WKH�71,�VWDWHV�

IRUPHG�E\�HOHFWURQ�WUDQVIHU�IURP�WKH�PHWDO�WR�WKH�PROHFXOH�YLD�DQ�LQHODVWLF�

HOHFWURQ� WXQQHOLQJ�SURFHVV� VKRXOG�EH� WKH�VDPH� UHJDUGOHVV�RI� WKH�H[FLWDWLRQ�

VRXUFH�� KRW� HOHFWURQV� RU� WXQQHOLQJ� HOHFWURQV�� 5RWDWLRQ� DQG� GLVVRFLDWLRQ� RI�

�&+�6��� RQ� $J������ ZHUH� LQGXFHG� WKURXJK� YLEUDWLRQDO� H[FLWDWLRQ� ZLWK�

LQHODVWLFDOO\�WXQQHOHG�HOHFWURQV�DW�KLJKHU�HQHUJ\�WKDQ�a�����H9�DQG�a�����H9��

UHVSHFWLYHO\��0RUHRYHU��GLVVRFLDWLRQ�LQGXFHG�ZLWK�WXQQHOLQJ�HOHFWURQV�LV�DFFRPSDQLHG�E\�URWDWLRQ��ZKLFK�UHVXOWV�LQ�
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URWDWLRQ�DQG�GLVVRFLDWLRQ�RI��&+�6����DQG�URWDWLRQ�LV�D�SUHFXUVRU�IRU�GLVVRFLDWLRQ��2Q�WKH�RWKHU�KDQG��WKH�SODVPRQ�
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WKH�GLVVRFLDWLRQ��+RZHYHU��FKDQJHV�LQ�It�EHIRUH�WKH�VXGGHQ�GURS�ZHUH�QRW�REVHUYHG��)LJ������7KLV�H[FOXGHV�WKH�LQGLUHFW�

KRW�HOHFWURQ�WUDQVIHU�PHFKDQLVP�IRU�WKH�SODVPRQ�LQGXFHG�GLVVRFLDWLRQ�RI��&+�6���� �

,Q�FRQFOXVLRQ��WKH�SODVPRQ�LQGXFHG�GLVVRFLDWLRQ�RI�WKH�6�6�ERQG�LQ�D�VLQJOH��&+�6���PROHFXOH�RQ�$J������DQG�
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Formation and dissociation of chemical bonds are the heart of chemistry, and elucidation of such a bond 
rearrangement process is one of the dreams in chemical science. In order to achieve this, we have developed a 
highly sensitive time-resolved “time-domain” Raman technique, called time-resolved impulsive stimulated 
Raman spectroscopy (TR-ISRS).1 TR-ISRS allows us to track structural changes of the photoreaction 
intermediates with femtosecond time-resolution, and it has been successfully utilized for visualizing ultrafast 
structural dynamics in the photoreactions of cis-stilbene 2, green fluorescent protein,3, and photoactive yellow 
protein.4 These studies successfully revealed ultrafast structural changes leading to the product state of 
unimolecular reactions. However, the dynamics of bimolecular reactions with chemical bond formation has 
been seldom studied not only by the time-domain Raman technique but also by any means. 

Oligomers of dicyanoaurate (I) complex (Au(CN)2
-) offer a unique opportunity to investigate the chemical 

bond formation process. In aqueous solution, the [Au(CN)2
-] complex forms weakly-bonded oligomers 

[Au(CN)2
-]n due to the aurophilic interaction, i.e., an attractive interaction that operates between closed-shell 

d10 Au(I) atoms. Because the aurophilic interaction is as weak as hydrogen bonds (~0.1 eV), the [Au(CN)2
-] 

complexes are only loosely associated in the electronic ground state. However, the photoexcitation that excites 
one electron from the anti-bonding σ* (dz2 - dz2) orbital (HOMO) to the bonding σ (pz - pz) orbital (LUMO) 
induces tight Au-Au covalent bond formation (~1 eV) in the excited state, and hence we are able to exmaine 
the bond formation process with time-resolved spectroscopy. Previously, we studied this system using 
femtosecond time-resolved spectroscopy, focusing on the observation of coherent nuclear wavepacket motion 
induced by chemical bond formation. In particular, we studied excited-state dynamics of the [Au(CN)2

-] trimer 
in aqueous solution using broadband transient absorption spectroscopy in detail.5 We observed substantial 
increase of the excited-state absorption signal of the trimer triplet state with the ~2-ps time constant, which we 
attributed to the bent-to-linear structural change upon the tight Au-Au bond formation. Nevetheless, because 
the time-resolved absorption spectroscopy is not very sensitive to the molecular structure, the structural details 
of this ultrafast bond-formation process have not been clarified directly. In fact, a different scheme was 
proposed after our work. 6 In this study, we realized real-time observation of the ultrafast dynamics of the 
[Au(CN)2

-] trimer using TR-ISRS.7 This ultrafast “time-resolved time-domain” Raman technique allows us to 
monitor the change in the vibrational structure on the femtosecond timescale by inducing and observing 
coherent molecular vibrations at arbitrary timings. Furthremore, TR-ISRS is very powerful for accessing 
low-frequency transient Raman bands down to a few terahertz region. 

Fig. 1 shows femtosecond time-resolved Raman spectra obtained for the 0.1 M K[Au(CN)2] aqueous 
solution, which were obtained as Fourier transform power spectra of the oscillatory signals observed with 
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time-domain Raman measurments. A distinct transient band is observed at ~90 cm-1, and it grows with the 
time constant of ~0.4 ps. This band is attributable to the Au-Au strech vibrations of the T1 trimer, and 0.4 ps 
corresponds to the S1 ← T1 intersystem crossing (ISC)  time. Markedly, the frequency of this transient band 
shifts from 86 cm-1 to 92 cm-1 with a time constant of 3 ps, which is attributed to bent-to-linear structural 
change of T1 trimer based on complementary quantum chemical calclutations. Comparison with the data of 
more concentrated 0.29 M K[Au(CN)2] aqueous solution, it turned out that the previous controversy about the 
assignment of the ultrafast dynamics was caused by the contribution of the excited-state tetramer which 
coexists in solution. Fig. 2 summarizes the ultrafast dynamics of the photo-induced bond-formation and 
subsequent structural rearrangements of the [Au(CN)2

-] trimer.7 Upon photoexcitation of the weakly 
associated trimer, the tight Au-Au bond is first formed almost instantaneously. This bond formation causes the 
rapid shortening of the Au-Au distances, inducing coherent motion along the Au-Au stretch coordinate. 
Subsequently, the [Au(CN)2

-] trimer undergoes the ISC with the ~0.4-ps time constant, and then, the 
bent-to-linear structural change takes place on the T1 potential energy surface with the ~3-ps time constant. 
The present study not only settled the controversy but also demonstrates the powerfulness of TR-ISRS in the 
study of ultrafast structural dynamics of complex molecular systems in general. 
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Figure 2. Photo-induced Au-Au bond formation dynamics 
of the [Au(CN)2

-] trimer. 

�  Figure 1. Fourier transform power spectra of TR-ISRS signals of 
the 0.1 M K[Au(CN)2

-] aqueous solution. 
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Generally, enzymes can catalyze reaction through formation of a short-lived intermediate, i.e., excited 

state, during its catalytic reaction. To establish the enzymatic mechanism in detail, such intermediates have to 
be characterized in atomic and electronic level. 
In our study, we have been trying to establish 
the reaction mechanism of Nitric Oxide 
Reductase (NOR) of the denitrification bacteria. 
This enzyme has an active site consisting of 
heme b and non-heme iron (FeB) binuclear 
center (Figure 1), where two NO molecules are 
converted into one N2O molecule (2NO + 2e- + 
2H+ à N2O + H2O). In this reaction, the N-O 
bond cleavage and the N-N bond formation are 
involved through reaction intermediate(s). So 
far, three types of intermediate, where three 
types of NO coordination to the binuclear 
center, have been proposed (Figure 2), but yet 
not established1. So, the reaction mechanism of 
NOR is still controversial. We have challenged to establish the reaction mechanism by using the time-resolved 
technique such as pump-probe and cryo-photolysis methods in combinational use of caged NO compound. 
The caged NO can quantitatively release NO upon the UV flashing, acting as a trigger of the NOR reaction 
and a NO resource. 

 
1. Kinetic Analysis of the NOR Enzymatic Reaction in Microsecond Time Region2 

The reaction of NOR in the full reduced (Fe2+) form upon the caged NO photolysis was followed by 
optical absorption spectoroscopy. The kinetic trace consisted of three phases in the ~µs, ~100µs and ~ms time 
domains; the reaction rate in the first phase is dependent on the NO concentration, that in the second phase is 
independent and the third is again dependent on the NO concentration. The observation suggested the 
presence of two intermediates, I and II, in both of which one NO molecule is present in the active site, but 
their coordination structure is different. The NO in intermediate II could react another NO molecule in the 
third phase to give the product N2O. On the other hand, when we used an inactive mutant of NOR, Glu57Ala, 
in which the proton transfer was depressed, the third phase was missed, indicating that the protons could be 
supplied in the third phase to promote the N-N bond formation and the N-O bond cleavage.   
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N 

N 
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O 

Fe2+ Fe2+ N N 

O 

O 
Figure 1 (�) Active Site 
Structure of NOR,  
 
Figure 2 (�) Three Types of 
Intermediate so far Proposed 
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2. Time-Resolved IR Spectrum and ESR Spectrum in Cryo-Photolysis of Intermediate I 

On the basis of our previous 
study, it was supposed that the 
intermediate II has probably in 
the NO-bound and five- 
coordinated heme b iron in the 
binuclear center, giving the ESR 
signal at g = 2 with three 
super-hyperfine coupling from 
14N of NO. Then, for 
characterization of intermediate I, 
we applied the pump-probe 
technique monitored by the IR 
spectroscopy, to observe the N-O 
stretching from the NO molecule 
bound to either heme b or 
non-heme FeB. We successfully 
observed the NO stretching at 
1683 cm-1 at 10µs after the UV laser photolysis (Figure 3), which was clearly arisen from the intermediate I. 
On the other hand, we successfully prepared the intermediate I at cryogenic temperature, in which NOR in the 
fully reduced form was photolyzed in the presence of caged NO and annealing. The resultant ESR spectrum 
signals at g = 4.1 and 3.9 (Figure 4). Those spectroscopic properties are characteristic of the non-heme iron 
NO complex reported so far. On the basis of these experimental results, we proposed the molecular 
mechanism of the NO reduction reaction catalyzed by NOR, as follows. 
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Figure 3 (left) 14NO-15NO Difference IR spectrum of Intermediate I (300 
µs) (unpublished result) 
Figure 4 (right) ESR Spectral Changes of NOR in the Cryo-photolysis 
and Annealing (unpublished result) 
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Helium droplets are nano-scale, superfluid clusters of 

liquid helium at a temperature of 0.4 K. Their capability of 
capturing atomic and molecular impurities enables us to study 
the atomic/molecular scale interactions between matter and 
superfluid. Since helium droplets are produced in a molecular 
beam, various established experimental techniques of laser 
spectroscopy and mass spectrometry are applicable to the 
droplet system. At this low temperature, the captured 
molecule is in the ground state of their vibrational motions 
and a very limited number of the rotational states are 
populated. This is also true for large molecules and molecular 
cluster systems, which are still difficult targets to prepare at 
cryogenic temperature in their isolated form. Due to 
superfluidity of helium droplets, the molecule behaves as a 
free rotator like in the gas phase, but with modified moments 
of inertia for the rotational motion. In this study, we apply the 
helium droplet technique to molecular ions to explore the microscopic interface between the impurity and the 
superfluid in this highly heterogenetic system. The control of a helium droplet beam by electrostatic fields allows us 
to observe the slow temperature change of the droplet over seconds by injecting into our cryogenic ion storage ring 
RICE. Our droplet source is operating with the optimized setup for this study [1].  

To prepare cold molecular ions in this study, we adopted photoionization of pre-captured neutral molecules, 
because the direct pickup of molecular ions by the droplets has a disadvantage in producing a large number of bare 
ions in the pick-up stage. To improve the photoionization efficiency, we utilized the resonance-enhanced multiphoton 
ionization (REMPI) method. Here we chose as our sample aniline (C6H5NH2), which is a simple aromatic amine. An 
aniline vapor was introduced into a small cell in the droplet chamber via a gas line from a room temperature liquid 
of aniline. After the pick-up, aniline aggregates quickly dissipating their binding energy in the clustering process by 
evaporation of He atoms from the droplet surface. At the downstream of the beam, we irradiated a UV laser light at 
295 nm, which is resonant to the S1←S0 electronic transition of neutral aniline molecules. After photoionization, the 
resulting ions were mass-analyzed using a time-of-flight spectrometer. 

Figure 2 is a typical mass spectrum measured by REMPI in this study. In addition to the aniline monomer peak 
at m/q = 93, we observed the (aniline-Hen)+ peaks where n is the number of He atoms attached to the monomer. 

 
 
Figure 1 Development of a pulsed source of 
extremely large helium droplets. (a) A modified 
commercial valve. (b) Valve temperature dependence 
of the droplet size. Micron-size superfluid droplets are 
available to prepare a large system of molecular ions 
at a temperature of 0.4 K. 
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Although the exact structure of the (aniline-Hen)+ cluster is 
unknown, we speculate that several layers of He atoms 
surround the aniline cation core when n is large. The binding 
energy of a He atom to an aniline cation is expected to be 
small, particularly being a few Kelvins in temperature if the 
He atom locates in the outmost layer. Thus, the existence of 
the large clusters in the spectra is a firm evidence of the 
internally cold ions.  

Furthermore, we observed pure aniline cluster ions 
consisting of up to 14 aniline units as shown in Fig. 3, 
measured under a different condition from Fig. 2. Here, the 
initial droplet size is estimated to be 106 He atoms/droplet. 
These clusters were first prepared in their neutral forms in 
helium droplets. After picked up by a droplet, neutral 
monomers aggregated via the van der Waals interaction. In 
the REMPI process, the excess energy of ionization is 
removed by surrounding He atoms, and the cationic clusters 
are stabilized. The existence of such large organic clusters 
after photoionization is an outstanding characteristic of the 
helium droplet technique. Generation of larger clusters is 
possible by optimizing the droplet size and the initial neutral 
cluster size, which open a way to study complex molecular 
systems and their inherent intermolecular interaction under 
frozen condition at a cryogenic temperature. 
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Figure 2 Mass spectrum of cations of aniline and its 
clusters with He atoms. 

 

 
Figure 3 Mass spectrum of cations of aniline cation 
clusters produced in helium droplets. 

 

10-4

10-3

10-2

10-1

In
te

ns
ity

 (a
.u

.)

8 9
100

2 3 4 5 6 7 8 9
1000

m/q

(Aniline)m
+Aniline+

Aniline2
+

Aniline3
+

Aniline14
+

－121－



 [Category 3] 

Control of the electrical conductivity in diamond by heavy-ion implantation: An 
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Diamond is an excellent electrical insulator with a large band-gap of 5.5 eV. Interestingly, it becomes a 

semiconductor when doped with a small amount of boron (for p-type) or phosphorus (for n-type). Ekimov et 
al. reported that boron-doped diamond, when doped beyond the metal-to-insulator transition at nB ~ 3×1020 

B/cm3, shows superconductivity in the samples grown by the high-pressure and high-temperature synthesis.1 

Theoretically, the superconducting critical temperature Tc can be raised substantially by reducing the effects of 

disorder in the boron-doping processes.2 For a higher Tc, more subtle control of doping using CVD and/or 

MBE methods is highly required, whereas a different method based on ion implantation is also worth 

investigating since it enables selective ion-doping in a controlled manner, which has great potential for future 

device applications. 

We tried to control the electrical conductivity in diamond by means of the ion-implantation technique, 

utilizing RILAC at the RIKEN facility. In our study, for n- and p-type semiconductors (and possibly 

superconductors), nitrogen and boron ions are implanted into the diamond, respectively. By changing the 

beam intensity and irradiation time, the concentration of nitrogen or boron was controlled. Note that the 

n-type semiconductor, and needless to say the n-type superconductor, achieved by nitrogen doping of diamond 

is challenging, since nitrogen behaves as a deep donor in diamond and does not contribute to conductivity.3 

The electrical conductivity observed in the nitrogen-implanted diamonds (e.g., at nN ~ 7.5×1021 N/cm3) is, 

therefore, most likely explained in terms of the carbon atoms connected via the sp2 bonding produced by 

radiation damage. The Raman spectroscopy supports this scenario. 

In this fiscal year, we have mainly investigated boron-implanted diamonds. A boron beam was implanted at 

5 keV using an ECR ion source. We thus prepared ten samples of different concentrations from nB ~ 4.9×1020 

to 6.8×1022 B/cm3. In order to detect the appearance of superconductivity, the static magnetization 

Figure 1 Temperature dependence of electrical resistivity before and after annealing for the B 
concentrations of nB~1.8×1021, 1.3×1022 and 6.8×1022 B/cm3 
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measurements were carried out using MPMS (Quantum Design). The electrical resistance was also measured 
by the four-probe DC method to confirm superconductivity. The results of these measurements show that the 
as-implanted diamonds do not exhibit superconducting transitions at low temperatures even though the doping 
concentrations are nominally beyond the metal-to-insulator transition at nB ~ 3×1020 B/cm3. Examples of the 
typical temperature dependence of electrical resistivity are shown in Fig. 1 for the samples of nB ~ 1.8×1021, 
1.3×1022 and 6.8×1022 B/cm3.  

We tried annealing treatments after implantation in order to reduce the lattice damage produced possibly 
during the ion implantation. As the phase diagram of carbon (Fig. 2) shows, diamond is not stable at low 
pressures; we annealed the samples at 800°C and 4 GPa (in the diamond-stable region) for one hour. The 
annealed samples, however, indicate no sign of superconductivity (see Fig. 1). The annealing treatments rather 
degraded the diamond crystals: the (222) peak at a higher angle in X-ray diffraction measurement has 
disappeared after annealing, whereas the (111) peak remains. Figure 3 shows a typical change in the Raman 
spectra (632.8 nm excitation) after annealing. Though the intense peak 
for the sp3 bonding remains prominent in the spectra, the fluorescence 
emission due to NVí (negatively charged nitrogen-vacancy) defect 
centers becomes obvious at ZPL (zero-phonon line) and nPLs 
(n-phonon lines; “phonon side band”). This change suggests that the 
annealing treatment promotes the NV formation process, where 
nitrogen ions have been embedded in the Ib-type� diamonds as 
impurities before the ion implantation. Hereafter, we also have to 
consider the effect of the NVí centers on the electrical conductivity in 
the implanted diamonds. We are preparing for the boron implantation 
of the IIa-type diamonds with the nitrogen concentration less than 8 
ppm. We hope the high purity diamonds resolve the problem of the 
NV formation. Lastly, the mechanism of the electrical conductivity in 
the implanted diamonds is discussed shortly from the point of view 
based on the temperature dependence of the electrical resistivity. In 
order to confirm the power-law dependence on temperature, Fig. 1 (b) 
and (c) show the Tí1/2 and Tí1/3 plot, respectively. We cannot positively 
assert that these plots are the evidence of ‘hopping conductivity’; they 
do not contradict with the hopping conductivity in carrier-doped 
semiconductors, however. 
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Figure 2 The phase diagram of carbon. 

Figure 3 Typical laser Raman spectra 
for nB~6.8×1022 B/cm3. 
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Sum frequency generation (SFG) is a unique tool that allows us to investigate the molecular-level structure 
of air/liquid interfaces. The interface-selectivity of SFG is based upon the symmetry of the system under 
investigation. In the bulk liquid, the inversion symmetry is macroscopically preserved because the molecules 
are randomly oriented. Meanwhile, the inversion symmetry is broken at the interface where the molecules are 
oriented in a particular direction due to the asymmetry of the surrounding environment. Based on this 
symmetry consideration, SFG is used as an interface-specific spectroscopic tool, because it is widely believed 
that SFG occurs only in the region where the inversion symmetry is broken.  

This reasoning, however, is valid only within the electric dipole approximation, and it is no longer correct 
when the contributions beyond the electric dipole approximation are also taken into consideration. More 
specifically, if we consider the electric quadrupole contribution, which is the lowest-order contribution beyond 
the dipole approximation, we can show that SFG occurs even without symmetry breaking and that bulk 
molecules also contribute to SFG. Thus, the information contained in SFG spectra is strongly dependent on 
the mechanism with which SFG occurs, and it is crucial to examine the mechanism before interpreting the 
spectra. In this study, we investigated the electric quadrupole contribution to SFG both theoretically and 
experimentally. In particular, we propose how we can infer the mechanism of SFG from experimentally 
obtained spectra, and how the SFG spectra can be interpreted in each case.1  

From a theoretical side, we formulated the quadrupole contribution to SFG and evaluated its significance. 
Usually, the quadrupole contribution is believed to be negligible, because the quadrupole transition probability 
is proportional to the electric field gradient, which is very small in homogeneous media. At the interface, 
however, a large electric field gradient exists because of the refractive index mismatch between the bonding 
media. Thus, the electric quadrupole may have a significant contribution to SFG at the interface.  

Our quadrupolar theory also predicts which molecules and which vibrational modes appear in SFG spectra 
when SFG is caused by the quadrupole contribution. The selection rule derived in this way was clearly 
different from the one derived under the dipole approximation. This difference in the selection rule can be 
exploited to examine if the experimentally observed SFG spectrum originates from the quadrupole 
contribution. The flowchart in Fig. 1 explicitly shows how this can be done in practice and how the observed 
spectra can be interpreted in each case.  

As an experimental demonstration, we examined SFG at the air/benzene and air/decane interfaces using 
heterodyne-detected vibrational SFG spectroscopy.2, 3 At the air/benzene interface, some of the observed 
bands were attributed to interfacial molecules, whereas the others were assigned to bulk molecules. This 
experimental result was in good agreement with the vibrational selection rule of the quadruolar mechanism, 
and we have therefore concluded that SFG at the air/benzene interface was dominated by the quadrupole 
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contribution. This result suggests that the benzene molecules preserve their centrosymmetric structure at the 
interface, in which case SFG is forbidden within the dipole approximation. We note that SFG spectra contain 
no information about the orientation of interfacial molecules when SFG is due to the quadrupole contribution. 
At the air/decane interface, on the other hand, all the vibrational bands were assignable to the interfacial 
molecules. In particular, the bands observed with the PSS polarization combination were also attributable to 
the interfacial molecules. From these observations, we concluded that the SFG signal observed at this 
interface occurred predominantly with the dipolar mechanism. This result indicates that the decane molecules 
have a polar orientation at the air/decane interface, despite their low polarity.  

The experimental demonstration here clearly shows that the interpretation of the SFG spectra is strongly 
dependent upon the mechansim of SFG. Thus, the present work serves as an important guideline to make a 
correct molecular-level interpretation of experimentally obtained SFG spectra.  
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Figure 1 A flowchart showing how a certain band in a vibrational SFG spectrum can be interpreted. “PSS”, “SSP”, 
and “SPS” indicate the polarization direction of the beams involved in the SFG process, where the first, second, and 
third letters correspond to the sum frequency, visible, and infrared light, respectively. Here, χdipole indicates SFG 
within the dipole approximation, whereas χquad1, χquad2, and χquad3 correspond to SFG with a quadrupole contribution.   
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Exciton formation by charge injection is an essential process in organic light emitting diodes (OLEDs). The 

injected charges form singlet excitons (S1) and triplet excitons (T1) in a 1:3 ratio according to the spin statistics, 

thus effective utilization of T1 is the primary strategy for increasing quantum efficiency of OLEDs. T1 has lower 

energy than S1 due to the exchange interaction. The energy difference, in principle, enables selective formation of 

T1 at low voltage. Such selective T1 formation would realize low driving voltage of OLEDs, which can reduces 

power consumption and improves device lifetime. However, the way to achieve the selective and direct T1 

formation has not been established yet. 

In this work, we demonstrate a simple way for the selective T1 

formation [1] which utilizes a charged state of molecule by the 

investigation of a single-molecule electroluminescence using a 

scanning tunneling microscope (STM) [2-5]. We measured scanning 

tunneling luminescence (STL) and its bias voltage dependence of a 

3,4,9,10-perylenetetracarboxylicdianhydride (PTCDA, Fig. 1A) 

molecule adsorbed on three atomic layer (3ML) thick NaCl film 

grown on the Ag(111) surface. Only phosphorescence is observed at 

low applied voltage, which shows that T1 is selectively created 

without forming S1. Based on the differential conductance (dI/dV) 

measurement reported in the previous paper [6], the selective T1 

formation is explained by spin-selective electron removal from the 

highest occupied molecular orbital (HOMO) of a negatively charged 

PTCDA. 

Fig. 1B shows an STM image of PTCDA/NaCl(3ML)/Ag(111) 

that appear as double-lobe structure with a nodal plane along the long 

axis of the molecule. The STL spectrum (Fig. 1C) obtained with the 

tip located on PTCDA shows a broad peak spread from 1.5 eV to 3.0 

eV and several sharp peaks around 1.3, 2.25 and 2.4 eV (Fig. 1C). 

The broad peak is attributed to the radiative decay of the plasmon 

localized between the STM tip and substrate. To reveal the detail 

structures of the sharp peaks, STL spectra are measured with higher 

energy resolution in the range of 1.25-1.40 eV (Fig. 1D) and 2.37-2.52 eV (Fig. 1E). In Fig. 1D, main peak is at 

Fig. 1 (A) Molecular structure of PTCDA 
(brown, C; red, O; beige, H). (B) An STM 
image showing two PTCDA molecules on 
NaCl(3 ML). (25 × 25 nm2, V = 1.0 V, I = 10 
pA). (C) An STL spectrum of PTCDA (V = 
-3.5 V, I = 50 pA, 120 s). (D-E) STL spectra 
(Vs = -3.5 V, It = 50 pA, t = 180 s). D: energy 
range: 1.25-1.40 eV (blue region in C), and E: 
2.37–2.52 eV (red region in C). 
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Fig. 2 Sample voltage dependences of the 
intensities of fluorescence (blue circle) and 
phosphorescence (red square).�

Table 1 Theoretical analysis for the electron 
transport through an isolated PTCDA molecule�

1.33 eV and smaller peaks are around the main peak. Similarly, main peak is at 2.45 eV in Fig. 1E. Based on the 

good agreement with Time dependent density functional theory (TD-DFT) calculation, the observed main peaks at 

1.33 and 2.45 eV are assigned to the phosphorescence and fluorescence, respectively.  

To investigate the exciton formation mechanism, we examined the 

voltage dependence of the photon intensities of phosphorescence and 

fluorescence as shown in Fig. 2, which clearly show the threshold 

voltages (V) for phosphorescence and fluorescence at V = -2.1 and 

-3.3 V, respectively. The threshold voltage difference is 1.2 V, which 

corresponds to the S1-T1 energy difference, 1.12 eV, measured from 

the STL spectra.  

Based on the previous report [6], PTCDA is expected to be 

negatively charged on NaCl/Ag(111) due to the high electron affinity 

of the molecule and low work function of the substrate [7], thus an 

electron occupies the lowest unoccupied molecular orbital (LUMO). 

When further voltage is applied, the electron occupying HOMO can 

be pulled out from the molecule from -1 charged states. Assume that 

electron removal occurs from the -1 charged state, the two electrons in 

HOMO have different energies owing to the exchange interaction with the electron in LUMO. If we increase the 

applied voltage under this situation, the electron in HOMO whose spin is “anti-parallel” to the spin of the electron 

in LUMO is first pulled out to exclusively form T1. When further voltage is applied and the removal of the other 

“parallel-spin” electron from HOMO turns into possible, both T1 and S1 are formed. This process can reasonably 

explain the observations of the voltage dependence of STL. 

In this work, we demonstrated selective T1 formation by spin-selective electron transport through a single 

molecule. We prepared a charged molecule by tuning the energy level alignment between the LUMO and the Fermi 

level of the substrate. Various combinations of molecules and substrates are thus available for realizing selective T1 

formation, which would propose diverse ways of developing OLEDs with higher energy efficiency. 
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Iron is one of essential elements for all of living system containing microorganisms, plants and animals. It 

usually acts as an active site of proteins/enzymes, thus being involved in many physiological actions through 
chemical reactions such as electron transfer, oxidation-reduction, ligand binding and so on. Iron and iron 
compound are transported from dietary foods to cell across cellular membrane, in which membrane-integrated 
proteins works. We have been studying structure and 
function of such membrane-proteins involved in the 
iron absorption into cell.  

 
1. Human Duodenal Iron Reductase 

In human, iron in dietary foods is absorbed at 
duodenum and small intestine. In this case, ferric iron 
(Fe3+) must be reduced to ferrous iron (Fe2+) by 
duodenal iron reductase (Dcytb), and then is 
transported into the duodenal cell through divalent 
metal transporter (DMT1). Dcytb, which is 
membrane-integrated protein present in the 
duodenum cell membrane, reduces the ferric iron 
outside the duodenum cell with electrons which are 
supplied from ascorbic acid inside the cell, indicated 
that this protein mediates electron transfer across the 
cellular membrane. We successfully determined the 
crystal structure of human Dcytb (Figure 1). On the 
basis of the structural information, we could identify 
amino acid residues involved in the iron-binding, 
ascorbate-binding and intra-molecular electron 
transfer.  

 
2. Pathogenic Iron Importer/ Heme Sensor Protein 

Pathogenic bacteria get iron from heme (iron-porphyrin compound) of hemoglobin in red blood cell of 
host, and use it for its infection and proliferation. The heme acquisition is conducted by heme importer, which 
is present in the bacterial cellular membrane. We successfully determined structure of pathogenic heme 
importer by the X-ray crystallography, as shown in Figure 2. This is the structure in the inward form, in which 
the heme transporting channel is opened toward the inside of the cell. The structural information was provided 
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Figure 1. Overall structure of Dcytb, its 
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to the molecular dynamic simulation, which showed dynamic conformational change of this transporter during 
the heme translocation. In addition, we are now trying to determine the outward structure of the heme 
importer by the CryoEM technique.  

However, since excess amount of heme imported in the cell is toxic even for pathogen, due to generation 
of reactive oxygen species, pathogenic bacteria expresses heme exporter, in response to the heme 
concentration monitored by heme sensor proteins. In Figure 3, the structures of the heme sensor protein are 
illustrated in the heme-bound and DNA-bound forms, showing recognition mechanism of the heme and of 
DNA by the sensor protein. The structural comparison indicated how the heme binding changes the protein 
conformation for dissociation from DNA, allowing us to propose the heme sensing mechanism by the sensor 
protein. Upon the dissociation of the heme sensor protein from DNA, the expression of the heme exporter can 
be facilitated. Structural determination of the heme exporter is now underway. 
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Gold nanoparticles (AuNPs) functionalized with single-stranded DNA (ssDNA) show a high colloidal 
stability.  The hybridization with a target DNA sequence induces a DNA-linked particle aggregation, in which 
the DNA duplex crosslinks the particles.  The color change from red to blue due to surface plasmon shift occurs.  
On the other hand, our group reported another aggregation behavior, called non-crosslinking aggregation, which 
is caused by a change in the physical properties of the particle surfaces.1,2   A high colloidal stability of AuNP 
with ssDNA is due to their electrostatic and steric repulsions, ascribed to the negatively charged and flexible 
DNA strands.  The hybridization to their fully complementary DNA targets (in sequence as well as in chain 
length), however, causes the particles to aggregate.  The decrease of entropic effect by switching from flexible 
ssDNA to rigid double-stranded DNA (dsDNA) is 
likely responsible for this type of aggregation, in 
addition to the salt screening.  This is in contrast with 
the DNA-linked particle aggregation.  Interestingly, 
the particles remained dispersed after the hybridization 
with one base-mismatched DNA (msDNA).  The 
molecular motion due to unpairing at the terminal base 
is considered to contribute to the colloidal stability.3  
This singular interfacial phenomenon is thus expected 
to be useful for the simple and rapid detection of 
single-base mutations. 

With the aim of further understanding the 
mechanism, we tried to apply an external interaction in 
the system of DNA-functionalized AuNPs.  The 
addition of polyethylene glycol (PEG) to the colloidal 
system causes the attractive interaction between the 
particles, called as depletion effect.  Because the 
depletion effect increases with increasing the 
concentration of crowding agent, desired attractive 
interaction between the particles can be tuned by 
adjusting PEG concentration.  The PEG 
concentration necessary to the non-crosslinking 
aggregation was founded to depend on the DNA 
structures. (Figure 1)  AuNPs with dsDNA 

Figure 1 SAXS profiles of DNA-functionalized AuNPs at 
[NaCl] = 0.1, 0.5 and 1.0 M, varying PEG concentrations 
(0 to 12 wt%). AuNPs with 15 nm in diameter were 
functionalized with 30-mer ssDNA, dsDNA and msDNA.  
The interference peaks, indicating the non-crosslinking 
aggregation, were observed at certain PEG concentrations. 
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aggregated at the lowest concentration.  Noteworthy, AuNPs with msDNA showed a high stability similarly to 
those with ssDNA, meaning that the entropic repulsion due to one base unpairing is comparable to the steric 
effect due to the flexibility of ssDNA.  As PEG concentration further increased, the particles packed more 
closely.  Even for dsDNA, the distance between the particles steadily decreased with increasing in depletion 
attraction, in contrast to the case of crosslinking aggregation.  This fact proved that the particle aggregation of 
AuNPs-DNA is not facilitated by the base stacking attraction between the blunt ends of dsDNA.  The 
difference in entropic effect due to the flexibility and motion of DNA strands accounts for the DNA structural 
dependency of colloidal stability. 

On the basis of the above experimental facts, we 
assumed that the change in DNA structure is a key role for 
non-crosslinking aggregation.  Other DNA 
conformational transitions could also induce the change 
of colloidal stability.  Here, we focused on G-quadruplex 
(G4) DNA (Figs. 2A – 2C).  The highly polymorphic 
G4s are an outstanding candidate because the 
conformational change is expected to occur in response to 
binding with specific target molecules.  We prepared 
various G4 DNA-functionalized AuNPs (G4-AuNPs) and 
examined the colloidal stabilities.  Furthermore, the 
colloidal system was attempted to apply for biosensing 
applications.4 

In this study, we aimed to detect a hazardous small 
molecule, cisplatin.  The colloidal solution color changed in a short time from red to purple-blue after cisplatin 
was added to the system.  The plasmon absorption peak shifted arising from the aggregation, that is, the degree 
of color change (Figs. 2D and 2E).  The binding of cisplatin to G4-DNA led to unfolding G4 conformation.  
The adduct formation probably caused a reduction in steric repulsion, associated with the unfolding.  This 
induced the non-crosslinking aggregation of particles.  The response of color change to cisplatin was found to 
be faster than those for other analogs such as carboplatin and oxaliplatin, indicating that this system has a high 
specificity for cisplatin detection.  Our nano-biosensor based on G4-AuNPs could be a good candidate to apply 
in various applications, especially biosensor and medical diagnosis. 
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________________________________________________ 
意義と波及効果： DNA担持ナノ粒子のコロイド分散安定性は DNA構造に鋭敏に応答する。粒子の分散安定
性が変化し、系の色調変化もたらすことから、簡便な遺伝子診断ツールとしての応用展開が期待されてきた。

ここでは DNA担持ナノ粒子が示すこの界面現象のメカニズムを理解するために、構造科学的知見から解明を
試みてきた。DNA 鎖の自由度（運動性）に由来するエントロピー反発の差異が特異な界面現象を支配する重
要な因子と考えられる。この考えに基づき、DNA担持ナノ粒子のバイオセンサーとしての応用を進めている。
その一環として、四重鎖 DNAで修飾したナノ粒子を作製し、低分子化合物を特異的に検出する系の構築に成
功した。様々な物質検出を可能とする DNA担持ナノ粒子の開発指針を与えるものである。 

Figure 2  Structures of G4 DNA (A - C) and cisplatin 
detection using G4-AuNPs (D and E).  The panels of 
(D) and (E) are UV-Vis profiles and corresponding 
images of G4-AuNPs varying with the concentration of 
cisplatin. 
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 [Category 5] 
Dark-to-bright exciton conversion process for  
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Atomically thin semiconductors, such as transition-metal 
dichalcogenides and carbon nanotubes, offer new opportunities for 
developing nanoscale photonic and optoelectronic devices. The 
optical processes in these materials are governed by tightly bound 
electron-hole pairs, or excitons. Interestingly, unexpected optical 
phenomena can arise from dark states of the excitons, where 
optical transition is forbidden by the selection rules. Despite their 
importance, the dark excitons lack spectral signatures and 
generally their contribution to emission intensity is insignificant. 
Here, we report that a considerable fraction of light emission can 
originate from the dark excitons in carbon nanotubes (Figure 1). 

We perform time-resolved photoluminescence (PL) 
measurements on individual air-suspended carbon nanotubes to 
investigate exciton decay dynamics [1]. Figure 2(a) shows a PL 
decay curve taken from a 4.8-μm-long nanotube with the chirality 
(11,7). The decay curve shows two components with different 
lifetimes, and a fit is done with a bi-exponential function 
convoluted with the instrument response function (IRF). The 
conversion kinetics can be understood by analyzing the 
bi-exponential decay curve with a three-level model, which is 
schematically shown in Figure 2(b). By solving the kinetic 
equations, we obtain 𝜏 = 69 ps and 𝜏 = 2422 ps as well as 
𝜏 = 2369 ps. The conversion efficiency from dark state to 
bright state is given by 𝜏 (𝜏 + 𝜏 )⁄ = 51%, showing that more 
than half of the dark excitons are converted to the bright excitons. 

It turns out that the dark-to-bright conversion efficiency 
depends strongly on the suspended length. We select (9,8) 
nanotubes with lengths ranging from 0.5 to 4.2 μm and measure PL 
decay curves. In Figure 3, the PL decay curves taken at various 
suspended lengths are shown, where drastic changes are observed. 
As nanotube length becomes longer, decay lifetimes of both fast 
and slow components become longer, and the intensity fraction of 

 
Figure 1 Schematic image of exciton 
conversion from dark state to bright state. 
 

 

Figure 2 (a) PL decay curve of 
a.4.8-μm-long air-suspended carbon 
nanotubes. The gray line represents the 
IRF, and the red curve is the 
biexponential fit. (b) Schematic of the 
three-level model for exciton decay 
dynamics. 𝜏  and 𝜏  are the effective 
decay lifetimes for bright and dark states, 
respectively, and 𝜏  is the 
state-transition time between the bright 
and dark states. 
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the slow component increases. The length dependence of the 
effective lifetimes is analyzed with a random walk theory [2], and 
we obtain intrinsic lifetimes and diffusion lengths of bright 
excitons as well as diffusion coefficients for both bright and dark 
excitons. 

Finally we discuss the transition rate between the bright and 
dark states. In Figure 4, representative values of 𝜏  for each 
chirality are plotted as a function of tube diameter 𝑑, and a clear 
family pattern on top of a decreasing trend with tube diameter is 
observed. The chirality dependence of the bright-dark transition 
rate is likely related to the bright-dark energy separation ∆𝐸, 
where a similar family pattern is known with a leading order 
dependence of ∆𝐸 ∝ 1 𝑑⁄ . As the state transition requires a 
parity flip process, it should be possible to control the conversion 
efficiency by modifying the exciton scattering site density. We 
compare the state transition time for a nanotube with and without 
molecular adsorption. The PL decay curves are taken before and 
after molecular desorption, and we observe a drastic change of the 
state transition rate where 𝜏  increases by a factor of 2 (green 
triangles in Figure 4), suggesting an enhanced parity-flip process 
originating from the adsorbed molecules. 

The unique nature of the dark states can potentially be utilized 
to achieve significant performance improvement of nanotube 
single-photon emitters [3], where not only the brightness can be 
enhanced by the high conversion efficiency but also the 
single-photon purity should be improved by the extraordinarily 
long diffusion length. Our findings also show the nontrivial 
significance of the dark excitons on the emission kinetics in 
low-dimensional materials and demonstrate the potential for 
engineering the dark-to-bright conversion process by using surface 
interactions. Manipulation of multiple exciton species could lead 
to the development of advanced devices with devoted channels for 
exciton transport, recombination, and dissociation. 
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________________________________________________ 
意義と波及効果：カーボンナノチューブは、室温で通信波長帯の単一光子を発生できるため、小型化や長距離

伝送に向いており、量子通信への応用が注目されている。本研究では、カーボンナノチューブにおける暗い励

起子から明るい励起子への変換効率を定量的に求めることに成功し、変換効率は長いナノチューブほど高くな

ることを明らかにした。さらに、明るい励起子へ変換される速度はカイラリティ（幾何構造）に依存すること、

暗い励起子の 50％以上を明るい励起子に変換できることを実験的に示した。本成果は、カーボンナノチュー

ブの発光効率向上やカーボンナノチューブ単一光子源の性能向上につながると期待できる。 

 
 
Figure 3 PL decay curves measured from 
(9,8) nanotubes with various lengths 
ranging from 0.50 to 4.16 μm. The gray 
line is the IRF 
 
 

 
Figure 4 Diameter dependence of state 
transition time. The data are taken from 
tubes longer than 2.5 μm. Chiralities with 
the same family number are connected, 
and the family numbers are displayed. 
Red and blue circles correspond to 
chiralities which belong to type 1 and 
type 2, respectively. Gray line is a fit 
described in the text. Green triangles are 
obtained from molecular desorbed state of 
(9,7) and (10,5) nanotubes. 
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Electron correlation in solid state is a cause of many phase transitions including high temperature 
superconductivity. Mott-insulator is known as a typical strongly correlated material, whose band-filling is 
exactly half to enhance the effect of Coulomb interaction. In case of cuprate superconductors, the band-filling 
has been the major control parameter to tune the strength of electron correlation and thus to induce 
superconductivity. On the other hand, the band-width has been altered by physical and/or chemical pressures 
in molecule-based Mott-insulators such as A3C60 and BEDT-TTF cation radical salts in order to obtain 
superconducting phase. However, it has been difficult to control these two parameters simultaneously in a 
single compound because the crystal lattice for cuprate is too hard to be compressed adequately enough to 
reach pressure-induced superconducting phase while the carriers in molecular Mott-insulators are too sensitive 
to the random energy potential provided by chemical dopants which prevents one to obtain doping-induced 
superconductivity (Figure 1). Despite these difficulties, it has been theoretically predicted that the 
band-width-controlled and band-filling- 
controlled superconductivity should be 
connected to one another in the ground state 
phase diagram. Recently, it has been found that 
field effect device can tune the carrier density 
considerably if one utilizes high-k gate 
dielectric or electric double layer. Since the 
molecular Mott-insulators have both low carrier 
density and soft crystal lattice, they may provide 
an indispensable opportunity to investigate the 
phase diagram of a Mott-insulator in wide 
parameter space configured by three important 
thermodynamic parameters: temperature, 
band-filling (number of particle), and 
band-width (pressure). 

We demonstrated that the two-dimensional 
ground state phase diagram of an organic 
Mott-insulator can be obtained by measuring 
transport properties under gate electric field and 
strain effect from the device substrate. In our 
experiments, FET (field-effect-transistor) or 

Figure 1 Conceptual ground state phase diagram surrounding 
a Mott-insulator. The horizontal axis is band-filling, which has 
been traditionally used for high-Tc cuprates. The vertical axis 
is band-width that is often used for organic superconductors. 
SC denotes superconductor, while U and W denote on-site 
Coulomb repulsion and band width, respectively.  
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EDLT (electric-double-layer-transistor) 
devices were fabricated by using thin 
single crystal of an  organic 
Mott-insulator 
κ-(BEDT-TTF)2Cu[N(CN)2]Cl (κ-Cl 
hereafter). In case of EDLT device, a 
flexible substrate can be used and  
bended at low temperature. Such a 
bending can produce strain effect onto the 
κ-Cl to tune its band-width, while the gate 
electric field can alter the band-filling. By 
changing these parameters, a 
two-dimensional ground state phase 
diagram has been obtained as shown in 
Figure 2.1 This phase diagram clearly 
shows that both the electron-doped and 
hole-doped superconductivities are 
connected to the strain-induced one, which 
is consistent with the theoretical prediction. 
At the same time, apparent asymmetry 
between the electron-doped and hole-doped superconductivities in the parameter space has been revealed. 
Another FET has been also utilized for fine tuning of the band-filling and band-width of this material, to 
obtain precise phase diagram in a specific area.2, 3 

The above FET is also interesting as an electronic element. Because the metal oxide semiconductor FET 
(MOS-FET) is known to have several obstacles in further improvements, it is demanded to develop novel 
devices for next-generation computing, whose concepts and architectures are different from MOS-FETs. 
Some theoreticians have proposed a phase-switching transistor based on Mott insulators, which can switch its 
conductance owing to a phase transition by the electrostatic control of carrier density. Although the organic 
Mott-FET in our experiments does not have efficient ON/OFF properties at room temperature, future 
development may provide efficient organic Mott-FET working at room temperature. 
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Figure 2 Emergence of both p-type (h-SC) and n-type (e-SC) 
superconductivity by gate voltage at various tensile strain. The 
strain is controlling electron correlation U/W while gate voltage 
controls band-filling (see also Figure 1). AFI denotes 
antiferromagnetic insulator, meaning Mott-insulating phase. 
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Mott insulators are materials where one electron localizes on each 
site due to the strong electron-electron interaction. The superconducting 
phase in the cuprate-based superconductors and the typical molecular 
superconductor κ-(ET)2X (ET = bis(ethylenedithio)tetrathiafulvalene, X: 
monovalent anion) is located in the vicinity of the antiferromagnetic 
phase that is a ground state of the Mott insulator. The Mott insulating 
state is considered to deeply contribute to the mechanism of 
superconductivity. In order to clarify the relation between the Mott 
insulating phase and the adjacent superconducting phase, we mainly 
focused on the thin-film single-crystal of κ-(ET)2X. We have 
successfully approached the boundary between these two phases using 
the simultaneous control of the bandwidth and the band-filling.1,2 As a 
new target material, we focused on another Mott insulator 
EtMe3P[Pd(dmit)2]2 (dmit = 1,3-dithiole-thione-4,5-dithiolate) with a 
ground state different from that of κ-(ET)2X. 

Under ambient pressure, EtMe3P[Pd(dmit)2]2 undergoes a transition 
from a paramagnetic state to a valence-bond order (VBO) phase with 
lattice modulation at 25 K below which the system exhibits a 
nonmagnetic state with a spin gap.3 The VBO phase is suppressed by 
the application of weak hydrostatic pressure and the superconducting 
phase appears above 0.4 GPa.4,5 The relation between the VBO phase 
and the superconducting phase is not clear yet, and we are interested in 
comparison with the one between the antiferromagnetic phase and the 
superconducting phase observed in κ-(ET)2X. Figure 1 shows a setup 
for the simultaneous control of uniaxial pressure and carrier doping. A 
single crystal of EtMe3P[Pd(dmit)2]2 with a thickness of the several tens of nanometers is laminated on a soft 
PET (polyethylene terephthalate) substrate, and the center of the substrate is pressed and bended. The sample 
is compressed along the direction of the bending. The piezo actuator is used to apply the continuous pressure. 
The carrier doping is accomplished using an electric double layer transistor structure with an ionic liquid. 
When a positive (negative) gate voltage is applied, electrons (holes) are induced. 

Figure 2 shows temperature dependence of the electrical resistances under the uniaxial pressure and 
carrier-doping in EtMe3P[Pd(dmit)2]2. Similar to the hydrostatic-pressure effect, the metallic phase is 
observed below 25 K in the high uniaxial pressure region. The drop of the electric resistance below 4 K is 
considered to be a transition toward the superconducting phase, since it disappears under the magnetic field. 
Applying the gate voltage from the electron-doping region to the hole-doping region, we observed a 
crossover from the insulating phase to the metallic phase and emergence of the superconducting phase. We 
also observed an asymmetry in the effects of electron doping and hole doping. Especially, in the 
electron-doping region, the resistance increases at low temperatures. Although carriers induced in the Mott 
insulator contribute to electrical conductivity and reduce electrical resistance, we obtained contrary results. 

Fig. 1. (a) Setup for uniaxial 
pressure measurement and picture 
of the thin crystal of EtMe3P 
[Pd(dmit)2]2 laminated on the PET 
substrate. (b) Eectric double layer 
transistor with ionic liquid. 
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This remains an open and interesting question. � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
For more systematic research, we are trying to apply uniaxial pressure along two different directions 

using a square-shaped soft substrate as shown in Fig. 3. The VBO phase of EtMe3P[Pd(dmit)2]2 is associated 
with a triangular network of the antiferromagnetic 1/2-spins. Hence the effect of the uniaxial pressure on the 
thin-film crystal should be different from that of the hydrostatic pressure on the bulk crystal and the direction 
of the uniaxial pressure would affect physical properties. We aim to obtain a unified picture of the strongly 
correlated electron system by using our method for the simultaneous control of uniaxial pressure (band 
width) and carrier doping (band filling). 
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Fig. 2. Temperature dependence of the electric resistivity in the thin film of EtMe3P[Pd(dmit)2]2 under the 
uniaxial pressure and carrier doping. S denotes the compression rate estimated from the curvature of the 
substrate. 

Fig. 3. Substrate and laminated thin crystal used in the method for uniaxial pressure along two directions. 
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20. K. Imamura, Y. Matsuo, W. Kobayashi, T. Egami, M. Sanjo, A. Takamine, T. Fujita, D. Tominaga, Y. 
Nakamura, T. Furukawa, T. Wakui, Y. Ichikawa, H. Nishibata, T. Sato, A. Gladkov, L. C. Tao, T. 
Kawaguchi, Y. Baba, M. Iijima, H. Gonda, Y. Takeuchi, R. Nakazato, H. Odashima, and H. Ueno, 
“Absolute optical absorption cross-section measurement of Rb atoms injected into superfluid helium 
using energetic ion beams,” App. Phys. Exp. 12, 016502 (2019). [3] 

21. S. Kinbara, H. Ekawa, T. Fujita, S. Hayakawa, S.H. Hwang, Y. Ichikawa, K. Imamura, H. Itoh, H. 
Kobayashi, R. Murai, K. Nakazawa, M.K. Soe, A. Takamine, A.M.M. Theint, H. Ueno, J. Yoshida, 
“Charge identification of low-energy particles for double-strangeness nuclei in nuclear emulsion,” Prog. 
Theor. Exp. Phys. 2019, 011H01 (2019). [1] 

22. Y. Ichikawa, H. Nishibata, Y. Tsunoda, A. Takamine, K. Imamura, T. Fujita, T. Sato, S. Momiyama, Y. 
Shimizu, D. S. Ahn, K. Asahi, H. Baba, D. L. Balabanski, F. Boulay, J. M. Daugas, T. Egami, N. Fukuda, 
C. Funayama, T. Furukawa, G. Georgiev, A. Gladkov, N. Inabe, Y. Ishibashi, Y. Kobayashi, S. Kojima, 
A. Kusoglu, T. Kawaguchi, T. Kawamura, I. Mukul, M. Niikura, T. Nishizaka, A. Odahara, Y. Ohtomo, 
T. Otsuka, D. Ralet, G. S. Simpson, T. Sumikama, H. Suzuki, H. Takeda, L. C. Tao, Y. Togano, D. 
Tominaga, H. Ueno, H. Yamazaki and X. F. Yang, “Measurement of the magnetic moment of 75Cu 
reveals the interplay between nuclear shell evolution and shape deformation,” Nat. Phys. 15, 321–325 
(2019). [2] 

23. H. Nishibata, S. Kanaya, T. Shimoda, A. Odahara, S. Morimoto, A. Yagi, H. Kanaoka, M. R. Pearson, C. 
D. P. Levy, M. Kimura, N. Tsunoda, and T. Otsuka, “Structure of 31Mg: Shape coexistence revealed by 
ȕ-Ȗ�VSHFWURVFRS\�ZLWK�VSLQ-polarized 31Na,” Phys. Rev. C 99, 024322 (2019). [2] 

24. M. Tajima, N. Kuroda, C. Amsler, H. Breuker, C. Evans, M. Fleck, A. Gligorova, H. Higaki, Y. Kanai, B. 
Kolbinger, A. Lanz, M. Leali, V. Mäckel, C. Malbrunot, V. Mascagna, Y. Matsuda, D. Murtagh, Y. 
Nagata, A. Nanda, B. Radics, M. Simon, S. Ulmer, L.Venturelli, E. Widmann, M. Wiesingerc, Y. 
Yamazaki, “Antiproton beams with low energy spread for antihydrogen production,” J. Instrum. 14, 
P05009 (2019). [1] 

25. L. C. Tao, Y. Ichikawa, C. X. Yuan, Y. Ishibashi, A. Takamine, A. Gladkov, T. Fujita, K. Asahi, T. Egami, 
C. Funayama, K. Imamura, J. L. Lou, T. Kawaguchi, S. Kojima, T. Nishizaka, T. Sato, D. Tominaga, X. 
F. Yang, H. Yamazaki, Y. L. Ye, H. Ueno, Y. Yanagisawa, K. Yoshida, “Negative parity states in 39Cl 
configured by crossing major shell orbits,” Chin. Phys. Lett. 36, 062101-1–4 (2019). [1, 2] 

26. D. S. Ahn, N. Fukuda, H. Geissel, N. Inabe, N. Iwasa, T. Kubo, K. Kusaka, D. J. Morrissey, D. Murai, T. 
Nakamura, M. Ohtake, H. Otsu, H. Sato, B. M. Sherrill, Y. Shimizu, H. Suzuki, H. Takeda, O. B. 
Tarasov, H. Ueno, Y. Yanagisawa, K. Yoshida, “Location of the neutron dripline at fluorine and neon,” 
Phys. Rev. Lett. 123, 212501-1–6 (2019). [1] 

27. T. Funabashi, Y. Kobayashi, Y. Yamada, “Metastable iron carbide thin films produced by pulsed laser 
deposition of iron in methane atmosphere,” Hyperfine Interact. 240, 121-1–8 (2019). [3] 

28. F. Boulay, G. S. Simpson, Y. Ichikawa, S. Kisyov, D. Bucurescu, A. Takamine, D. S. Ahn, K. Asahi, H. 
Baba, D. L. Balabanski, T. Egami, T. Fujita, N. Fukuda, C. Funayama, T. Furukawa, G. Georgiev, A. 
Gladkov, M. Hass, K. Imamura, N. Inabe, Y. Ishibashi, T. Kawaguchi, T. Kawamura, W. Kim, Y. 
Kobayashi, S. Kojima, A. Kusoglu, R. Lozeva, S. Momiyama, I. Mukul, M. Niikura, H. Nishibata, T. 
Nishizaka, A. Odahara, Y. Ohtomo, D. Ralet, T. Sato, Y. Shimizu, T. Sumikama, H. Suzuki, H. Takeda, 
L. C. Tao, Y. Togano, D. Tominaga, H. Ueno, H. Yamazaki, X. F. Yang, J. M. Daugas, “g-Factor of the 
99Zr (7/2+) isomer: Monopole evolution in shape coexisting region,” Phys. Rev. Lett. 124, 112501 
(2020). [2] 

29. K. Hamazaki, Y. Kobayashi, Y. Yamada, “Iron nitride films produced by arc deposition of iron in a 
nitrogen atmosphere,” Hyperfine Interact. 241, 4-1–10 (2020). [3] 

30. Y. Yamada, Y. Sato, Y. Kobayashi, T. Ando, N. Takahama, K. Some, M. Sato, M. Mihara, M. K. Kubo, 
W. Sato, J. Miyazaki, T. Nagatomo, J. Kobayashi, A. Okazawa, S. Sato, A. Kitagawa, “In-beam 
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Mössbauer spectra for 57Mn implanted sulfur hexafluoride,” Hyperfine Interact. 241, 15-1–15 (2020). 
[3] 

 
 
(3) Reviews and books㸦 Research Category in [ ] 㸧 
  
1. ᕷᕝ㞝୍䠖 “ኚᙧ䛧䛺䛜䜙Ẇ㐍䒾☢Ẽ䝰䞊䝯䞁䝖䛷᥈䜛䜶䜻䝌䝏䝑䜽᰾䛾䛂୰㌟䛃䒾” 䜰䜲䝋䝖䞊䝥䝙

䝳䞊䝇 765, 26–29 (2019). [2] 
 
 
(4) Invited presentations㸦 Research Category in [ ] 㸧 
  
1. Y. Ichikawa: “Magnetic moment measurement of isomeric state of 75Cu using spin-aligned RI beam at 

RIBF”, Advances in Radioactive Isotope Science 2017 (ARIS 2017), Keystone, USA, May 28 – June 2 
(2017). [2] 

2. H. Ueno: “Nuclear moment and shell model”, Ito International Research Center (IIRC) Symposium – 
Perspective of the physics of nuclear structure í, Tokyo, Japan, November 1í4 (2017). [1, 2] 

3. Y. Ichikawa: “Nuclear moment measurement using spin-oriented RI beam at RIBF”, International 
Symposium on RI Beam Physics in the 21st Century: 10th Anniversary of RIBF, Wako, Japan, December 
4í5 (2017). [2] 

4. H. Nishibata, T. Shimoda, A. Odahara, S. Morimoto, S. Kanaya, A. Yagi, H. Kanaoka, M. R. Pearson, C. D. P. 
Levy, M. Kimura: “Shape coexistence in 310J�UHYHDOHG�E\�ȕ- DQG�ȕ-Ȗ�VSHFtroscopy with spin-polarize 31Na,” 
The IX International Symposium on Exotic Nuclei (EXON2018), Petrozavodsk, Russia, September 1–15 
(2018). [1, 2] 

5. T. Sato: “Coexisting Xe-129 and Xe-131 masers with active feedback scheme for Xe atomic EDM search,” 
Fifth Joint Meeting of the Nuclear Physics Divisions of the APS and the JPS (HAWAII2018), Waikoloa, 
Hawaii, USA, October 23–27 (2018). [1] 

6. T. Sato: “Atomic EDM searches in RIKEN,” The 10th China-Japan Joint Nuclear Physics Symposium 
(CJNP2018), Huizhou, China, November 18–23 (2018). [1] 

7. H. Ueno: “R&D of spin-controlled RI beams,” The 10th China-Japan Joint Nuclear Physics Symposium 
(CJNP2018), Huizhou, China, November 18–23 (2018). [1] 

8. M. Tajima: “Laser spectroscopy of RI beams at the SLOWRI facility of RIKEN,” The 10th China-Japan 
Joint Nuclear Physics Symposium (CJNP2018), Huizhou, China, November 18–23 (2018). [1] 

9. Y. Ichikawa: “Nuclear magnetic dipole moments measured with spin-oriented RI beams at RIKEN 
RIBF,” The International Conference on HYPERFINE Interactions and Applications (HYPERFINE 
2019), Goa, India, February 10–15 (2019). [2] 

10. A. Takamine, “Recent progress in the development of gas cells, SHE results combining GARIS with 
GASCELL+MRTOF,” Expert Meeting on Next-Generation Fragment Separators 2019, Darmstadt, 
Germany, September 30–October 3 (2019). [1] 

11. H. Ueno, “Nuclear-physics research based on RI spin orientation technique,” XXXVI Mazurian Lakes 
Conference on Physics, Piaski, Poland September (2019). [1, 2, 3] 

12. Y. Ichikawa, “Magnetic-moment measurement of exotic nuclei using spin-oriented RI beams at RIBF,” 
14th Asia-Pacific Physics Conference (APPC 2019), Sarawak, Malaysia, November 17–22 (2019). [2] 

 

 
(5) Patent applications㸦 Research Category in [ ] 㸧 
  

N/A 
 
(6) Collaborations including both inside and outside project㸦 Research Category in [ ] 㸧 
  

1. ᕷᕝ 㞝୍ࠊሯ Ꮥ㸦ᮾிᏛ㸧ࠊゅ⏣ భ㸦ᮾிᏛ㸧㸸ிࡓ࠸⏝ࢆࢱ࣮ࣗࣆࣥࢥ 75Cu ᰾

 つᶍẆᶍᆺィ⟬ [2]ࡢ
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2. ᕷᕝ 㞝୍ࠊΎỈ ๎Ꮥ㸦ᮾிᏛ㸧ࠊᏱ㒔㔝 ✨㸦JAEA㸧㸸39Cl ᰾ࡢẆᶍᆺィ⟬ [2, 1] 
3. ሯ Ꮥ㸦ᮾிᏛ㸧ࠊゅ⏣ ┤ᩥ㸦ᮾிᏛ㸧ࠊΎỈ ๎Ꮥ㸦ᮾிᏛ㸧ୖࠊ㔝 ⚽ᶞ㸸㐲Ᏻ

ᐃཎᏊ᰾ࡢ᮰⦡᮲௳㛵ࡿࡍ⌮ㄽⓗ◊✲ [1] 
4. ᕷᕝ 㞝୍ྜྷࠊ⏣ ㈼୍㸦ி㸧ࠊຍ㡲ᒇ ᶞ㸦ிᇶ◊㸧㸸ᖹᆒሙ⌮ㄽࡓ࠸⏝ࢆወ㉁㔞᰾ࡢ᰾

 ィ⟬ [1, 2]ࢺ࣓࣮ࣥࣔ
5. ᕷᕝ㞝୍ࠊD. Bucurescu㸦IFIN-HH㸧ࠊS. Kisyov㸦IFIN-HH㸧㸸Interacting boson-fermion mode (IBFM)

ࡿࡼࡃᇶ࡙ 99Zr ᰾࣮࣓ࣔࣥࡢࢺィ⟬ [2] 
6. ᪫ ⪔୍㑻ࠊబ⸨ ᬛဢࠊᕷᕝ 㞝୍ࠊB.P. Das㸦ᮾᕤ㸧㸸☢ᛶཎᏊࡢཎᏊ EDM㸦㟁ẼᴟᏊ

 ㄽィ⟬ [1]⌮ࡢ㸧ࢺ࣓࣮ࣥࣔ
7. ᪫ ⪔୍㑻ࠊబ⸨ ᬛဢࠊᕷᕝ 㞝୍ࠊΎỈ ๎Ꮥ㸦ᮾ CNS㸧ྜྷࠊỌ ᑦᏕ㸦ᇸ⋢㸧㸸つᶍẆ

ᶍᆺࢺ࣓࣮ࣥࣔࣇࢵࢩࡿࡼィ⟬ [1] 
8. ୖ㔝⚽ᶞࠊ➉ෆ⏤⾰ⰼࠊᯇᑿ⏤㈡㸦ἲᨻᏛ㸧ࠊၿ⏠ᗣᡂ㸦ἲᨻᏛ㸧㸸㉸ὶື࣒࢘ࣜ࣊୰ཎ

Ꮚ༙ࣝࣈࣂᚄࡢᐦᗘỗ㛵ᩘἲィ⟬ [3] 
9. ୖ㔝⚽ᶞࠊ⸨⏣᭸⨾ࠊᯇᑿ⏤㈡㸦ἲᨻᏛ㸧ࠊၿ⏠ᗣᡂ㸦ἲᨻᏛ㸧㸸㉸ὶື࣒࢘ࣜ࣊୰ཎᏊ

 ᚄ౫Ꮡᛶ [3]༙ࢫ࣮ࣝ࣡ࣝࢹࣥࣇࡢ㉸ᚤ⣽ᵓ㐀㛫㝸ࡢ
10. ᒣᓮ ᒎᶞࠊす⏿ Ὧᕼࠊ⸨ᒣ ⱱᶞ㸦ຍ⸨ศᏊ≀ᛶ◊✲ᐊ㸧㸸≀㉁୰ࡢ㟁ሙ໙㓄ィ⟬ [3] 
11. ᒣᓮ ᒎᶞࠊΏ㑔 ຌ㞝㸦୰㛫Ꮚ⛉Ꮫ◊✲ᐊ㸧㸸≀㉁୰㟁ሙ໙㓄ࡢ➨୍ཎ⌮ィ⟬ [3] 
12. ᒣᓮ ᒎᶞࠊᒣ℩ ༤அ㸦≀㉁࣭ᮦᩱ◊✲ᶵᵓ㸧㸸㔠ᒓࢻࣥࣂࡿࡅ࠾ィ⟬ [3] 
13. ᒣᓮ ᒎᶞࠊBalazs Ujfalussy㸦Hungarian Academy of Science㸧ࠊJames F. Annett㸦University of 

Bristol㸧㸸┦ᑐㄽⓗࣥࣆࢫ೫ᴟ KKR ⌮ㄽࡿࡼ Nb/Au/Fe㸱ᒙ⭷ࡿࡅ࠾㉸ఏᑟ㏆᥋ຠᯝࡢィ⟬ 
[3] 

14. ᒣᓮ ᒎᶞࠊNic Shannon㸦OIST㸧㸸ࣥࣆࢫ㌶㐨┦స⏝ࡿ࠶ࡢ⣔ࡿࡅ࠾㉸ఏᑟ㏆᥋ຠᯝࡢ⌮

ㄽⓗ⪃ᐹ [3] 
 
(7) Hosted seminars and symposiums 
  

Development of isomer beam by fragmentation reactionsࠕ .1 ᕝኴᩗኴẶ㸦ᮾࠊࠖ CNS㸧ࠊᇸ⋢┴ග

ᕷ2017ࠊ ᖺ 5 ᭶ 17 ᪥㸦➨ 21 ᅇ᰾ศග◊࣮ࢼ࣑ࢭ㸧 
 The development of a low-background gas-counter and hyperfine structure measurement forࠕ .2

neutron-rich iridium isotopes 2017ࠊᇸ⋢┴ගᕷࠊ㸦⟃Ἴ㸧ࡶࡶྥࠊࠖ ᖺ 5 ᭶ 17 ᪥㸦➨ 22 ᅇ

᰾ศග◊࣮ࢼ࣑ࢭ㸧 
3. ➨㸰ᅇ ExpRes 㐨ሙ “Data Acquisition2017 ”ࠊ ᖺ 10 ᭶ 6 ᪥ 
Ps- photodetachment spectroscopy and its applicationࠕ .4 ࠊᇸ⋢┴ගᕷࠊ㛗ᔱὈஅ㸦ᮾி⌮⛉㸧ࠊࠖ

2017 ᖺ 10 ᭶ 18 ᪥㸦➨ 23 ᅇ᰾ศග◊࣮ࢼ࣑ࢭ㸧 
5. “Ito International Research Center (IIRC) Symposium: Perspectives of the physics of nuclear structure”, 

November 1í4 䠄2017䠅. 
ᛶ Cuprate high-Tc superconductors: Materials and Properties≀㉁≀ࡢ≀㧗 ㉸ఏᑟ㖡㓟ࠕ .6 ࠊࠖ

ᒣᮏᩥᏊ㸦ⰪᾆᕤᴗᏛ㸧ࠊᇸ⋢┴ගᕷ2018ࠊ ᖺ 1 ᭶ 26 ᪥㸦➨ 24 ᅇ᰾ศග◊࣮ࢼ࣑ࢭ㸧 
7. ⌮◊᪂㡿ᇦ㛤ᣅㄢ㢟ࠕ≀㉁㝵ᒙཎ⌮◊✲ 2018ࠊᾏᕷ⇕ࠊ㠃◊✲ࠖྜྠᮇ◊✲⏺ࣟࢸ࣊ࠕࠖ&

ᖺ 5 ᭶ ��í��᪥. 
㧗ឤᗘ✲◊㛤Ⓨࡢ࣓ࣛ࢝ࣥࢺࣉࣥࢥSi/CdTe༙ᑟయࠕ .8 MeV࣐ࣥ࢞⥺ほ ᐇ⌧ࡓࡅྥᒎᮃ ࠊࠖ

Ώ㎶ఙ 㸦Ᏹᐂ⯟✵◊✲㛤Ⓨᶵᵓ㸦JAXA㸧 Ᏹᐂ⛉Ꮫ◊✲ᡤ㸦ISAS㸧㸧ࠊᇸ⋢┴ගᕷ2018ࠊ ᖺ

9 ᭶ 27 ᪥㸦➨ 25 ᅇ᰾ศග◊ & ᪂Ꮫ⾡㡿ᇦ◊✲ࠕ㔞Ꮚ࣒࣮ࣅᛂ⏝ ࠖB03 ྜྠ࣮ࢼ࣑ࢭ㸧 
9. ᪂Ꮫ⾡㡿ᇦ◊✲ࠕᏱᐂほ ᳨ฟჾ㔞Ꮚࡢ࣒࣮ࣅฟࠋ࠸᪂࡞ࡓᛂ⏝ࡢᯫࡅᶫࠖࠋ ࢜ࢡࢵ࢟

2018ࠊྎࠊ࣒࢘ࢪ࣏ࣥࢩࣇ ᖺ 12 ᭶ ��í��᪥. 
⏝స┦࠸ࡋ᪂ࡢ⣲⢏Ꮚࡿ᥈࡛ࢺࣇࢩయྠࠕ .10 2019ࠊᇸ⋢┴ගᕷࠊ୰ᐇ㸦㜰㸧⏣ࠊࠖ ᖺ 1

᭶ 24 ᪥㸦➨ 26 ᅇ᰾ศග◊ & ᪂Ꮫ⾡㡿ᇦ◊✲ࠕ㔞Ꮚ࣒࣮ࣅᛂ⏝ ࠖB03 ྜྠ࣮ࢼ࣑ࢭ㸧 
11. ➨ 10 ᅇ Ṇ࣭ప㏿Ᏻᐃ᰾ࡓ࠸⏝ࢆ࣒࣮ࣅ᰾ศග◊✲ࠊ⚟ᒸ┴⚟ᒸᕷ2019ࠊ ᖺ 3 ᭶ ��í���

᪥ 
ᅛయࡓࡋ⏝άࢆィ⟬ᶵࠕ .12 NMR ゎᯒἲࡢ 2019ࠊᇸ⋢┴ගᕷࠊᒣⱱᶞ㸦⌮◊㸧⸩ࠊࠖ ᖺ 7 ᭶ 24

᪥㸦➨ 27 ᅇ᰾ศග◊ & ᪂Ꮫ⾡㡿ᇦ◊✲ࠕ㔞Ꮚ࣒࣮ࣅᛂ⏝ ࠖB03 ྜྠ࣮ࢼ࣑ࢭ㸧 
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13. Úh�³p��!>-5I7&@Î�½�Ñ�È¤yÞ� ´g á�P«¶râ�oª±
iX~�2019� 11� 5�á» 28k�[X² & �vÅÜm²¹�Ôt:L@�¬ A01/B03 
ef/?6Lâ 

14. ��S£ Fr ct"¬��9F4$ÛVu`�ÊÍ�X,<5�²¹å �¥�l"Î���
¨«���#6>LGBLAJ5�Ù�Ì¸�á�Prvâ�oª±iX~�2019� 12� 20
�á» 29k�[X² & �vÅÜm²¹�Ôt:L@�¬ B03 ef/?6Lâ 

15. » 11 k W�KSÐNwx�:L@"¬���[X²¹Q�r×�¡bÓ§d®�2020 � 1
� 16−17 � 

16. » 3kÄ��ËQå')023*�¨«�z��Z�±µ�~�2020� 2� 19−21� 
17.  “Er-implanted silica lasers based on Si nanobeam cavities,” {Mrj�á«²XÔt|v²¹/J
1LÔt(=5'H*5I7*.²¹2L@â�oª±iX~�2020� 2� 27�á» 30k�
[X² & �vÅÜm²¹�Ôt:L@�¬ B03 ef/?6Lâ 

 
 
(8) Awards and honors 
� �

   N/A 
 
(9) Press releases 
� �

1. «²=H.FFL.��-G+7&@fRT�_Í©���º¦q��!�2020� 3� 17�. 
https://www.riken.jp/press/2020/20200317_2/index.html 

2. �Prv&«²YfÉÁ¯Æ��ct����n�c«�Ôt¼��Ã}¾Àa�2019 � 11
� 26�. 
https://www.riken.jp/press/2019/20191126_1/index.html 

�� «²à�rYfÉÁ¯Æ��³�BLAJ5� [�!ÖfRT����s ã�Ø��.;J
�\�"ß�� 
	 :L@"ÝU��¤x��^ã����� � � � �� ���

https://www.riken.jp/press/2019/20190130_2/ 
�� ��¿¢�Â(JE%J��«²��r���O�tÒ]�ÖfRTct��_Í©��³�
BLAJ5¤x��^����� � � � �� ���

5. �rà«²YfÉÁ¯Æ���Õct��8@H35�2018� 10� 2�. 
https://www.riken.jp/press/2018/20181002_1/index.html 

6. �rà«²YfÉÁ¯Æ��ct��©�ä�°Ï·".9+J,?CHL,DJ�¯Ç�
2018� 8� 13�. 
https://www.riken.jp/press/2018/20180813_1/index.html 
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Atomic, Molecular and Optical Physics Laboratory  
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Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
Phone number 
Email 

Toshiyuki AZUMA 
Chief Scientist 
RIKEN Cluster for Pioneering Research 
Atomic, Molecular and Optical Physics Laboratory 
2-1 Hirosawa Wako Saitama 351-0198 JAPAN 
+81-(0)48-462-1614 
toshiyuki-azuma@riken.jp 
 

Education 1983-1988  Graduate School of Engineering, The University of Tokyo 
1981-1983  The University of Tokyo, Faculty of Engineering, Department of 

Nuclear Engineering 
1979-1981  The University of Tokyo, College of General Education 

Degrees Dr. Eng. (1988) The University of Tokyo 
M. Eng. (1985) The University of Tokyo 
B. Eng. (1983) The University of Tokyo 

Employment/research 
experience 

2009-     Atomic, Molecular and Optical Physics Laboratory, RIKEN 
2005-2009 Professor, Department of Physics, Tokyo Metropolitan University 
2000-2005 Associate Professor, Department of Applied Physics, Tokyo 

Metropolitan University  
1998-2000 Associate Professor, Department of Physics, University of  

Tsukuba 
1989-1998 Research Associate, Institute of Physics, University of Tokyo 
1988-1989 Post-Doc. Swiss Federal Institute of Technology and Univ. of 

Zürich 
Additional post 
2009-  Visiting Professor, Tokyo Metropolitan University 
2019  Visiting Professor, Tohoku University 
2017-  Visiting Professor, Rikkyo University 

Awards and honors  
Academic activities Member; Atomic Collision Society of Japan  
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description of single-molecule electroluminescence driven by scanning tunneling microscope”, Nano 
Lett., 19, 2803-2811 (2019) [4,2]. 

28. H. W. Kim, J. Jung, M. Han, J. Ku, Y. Kuk, and Y. Kim, “Dimensionality control of self-assembled 
azobenzene derivatives on a gold surface”, J. Phys. Chem. C, 123, 8859-8864 (2019) [1,4]. 

29. S. Tanaka, K. Otsuka, K. Kimura, A. Ishii, H. Imada, Y. Kim, and Y. K. Kato, “Organic molecular 
tuning of many-body interaction energies in air-suspended carbon nanotubes”, J. Phys. Chem. C, 123, 
5776-5781 (2019) [5,2]. 

30. T. Omiya, Y. Kim, R. Raval, and H. Arnolds, “Ultrafast vibrational dynamics of CO ligands on 
RuTPP/Cu(110) under photodesorption conditions”, Surfaces, 2, 117-130 (2019) [1,4]. 

31. Y. Yokota, N. Hayazawa, B. Yang, E. Kazuma, F. C. Inserto Catalan, and Y. Kim, “Systematic 
assessment of benzenethiol self-assembled monolayers on Au(111) as a standard sample for 
electrochemical tip-enhanced Raman spectroscopy”, J. Phys. Chem. C, 123, 2953-2963 (2019) [4,1]. 

32. H. Lim, Y. Park, M. Lee, J.-G. Ahn, B.-W. Li, Da Luo, J. Jung, R. Ruoff, and Y. Kim, 
“Centimeter-scale and highly crystalline 2D alcohol: evidence for graphenol (C6OH)”, Nano Lett., 20, 
2107-2112 (2020) [1,4]. 

33. M. C. Escaño, M. H. Balgos, T. Q. Nguyen, E. A. Prieto, E. Estacio, A. Salvador, A. Somintac, R. 
Jaculbia, N. Hayazawa, Y. Kim, and M. Tani, “True bulk As-antisite defect in GaAs(110) identified by 
DFT calculations and probed by STM/STS measurements”, Appl. Surf. Sci., 511, 145590 (2020) [3]. 

34. J. Xu, Y. Yokota, R. A. Wong, Y. Kim, and Y. Einaga, “Unusual electrochemical properties of 
low-doped boron-doped diamond electrodes containing sp2 carbon”, J. Am. Chem. Soc., 142, 
2310-2316 (2020) [3]. 

35. R. B. Jaculbia, H. Imada, K. Miwa, T. Iwasa, M. Takenaka, B. Yang, E. Kazuma, N. Hayazawa, T. 
Taketsugu, and Y. Kim, “Single-molecule resonance Raman effect in a plasmonic nanocavity”, Nat. 
Nanotechnol., 15, 105-110 (2020) [4,2]. 
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36. J.-G. Ahn, J. Bang, J. Jung, Y. Kim, and H. Lim, “Scanning tunneling microscopic investigations for 
studying conformational change of underlying Cu(111) and Ni(111) during graphene growth”, Surf. Sci., 
693, 121526 (2020) [3]. 

37. E. Kazuma, M. Lee, J. Jung, M. Trenary, and Y. Kim, “Single-molecule study of a plasmon-induced 
reaction for a strongly chemisorbed molecule”, Angew. Chem. Int. Ed., [DOI: 10.1002/anie.202001863]. 
[2,4] 

 
(3) Reviews and booksƸ Research Category in [ ] ƹ 
 
1. hĵź�[ƐƘ_�he����Ė�Ň«�ýĀƆi�ƠüĚƼ�ƌĄ9W=TƱ×ơĸu{

uė���{¯ƥ%=T)YŌ��¶ŎƥſĢ��ŹƮŋ²�38�455-459 (2017). [2] 
2. H. Imada and Y. Kim, “Real-space investigation of energy transfer with single-molecule luminescence 

and absorption spectroscopy,”, AAPPS Bulletin, 28, 3-8 (2018) [4,2] 
3. hĵź�[ƐƘ_�he����ƠüĚƼ��¯{žŨ���{¯ƥ%=T)YŌ���öþ

ħį²lƂ�73�303-307 (2018). [4,2] 
4. E. Kazuma and Y. Kim, “Mechanistic studies of plasmon chemistry on metal catalysts”, Angew. Chem. 

Int. Ed., 58, 4800-4808 (2019) [2,4]. 
5. E. Kazuma and Y. Kim, “Scanning probe microscopy for real-space observations of local chemical 

reactions induced by localized surface plasmon”, Phys. Chem. Chem. Phys., 21, 19720-19731 (2019). 
[2,4] 

6. čĵę_�U"NW: A. #&W�ƠüĚƼ��oƻğoĶƮ�ƭĔcƞ¿ ŀŎ]�Ŗºž
Ă����ū�ƏçŸ�73�116-117 (2019). [4] 

 
(4) Invited presentationsƸ Research Category in [ ] ƹ 
 
1. Y. Kim: “Real-space Investigation of intermolecular energy transfer and with an STM”, The 9th 

International Workshop on Nanoscale Spectroscopy and Nanotechnology (NSS-9), Gyeongju, Korea. 
Sep. (2017). [1,2] 

2. Y. Kim: “Investigation of Energy Transfer and Conversion at a Single molecule with an STM”, AVS 
International Symposium and Exhibition, Tampa, USA, Nov. (2017). [1,2] 

3. H. Imada: “Spectroscopic investigation of single molecule energy dynamics with a scanning tunneling 
microscope”, The 4th International Conference & Exhibition for Nanotechnology (NANOPIA 2017), 
Gyeonggi, Korea, Nov. (2017). [2] 

4. N. Hayazawa: “Breaking the Classical Limit: From Micro-to Nano- Spectroscopy and its Temporal 
Control”, The 1st NIP-RIKEN Joint Research Workshop, Diliman, Philippines, Nov. (2017). [2] 

5. N. Hayazawa: “Tip-enhanced Raman and THz-Raman spectroscopy”, The 8th International Conference 
on Terahertz Nanoscience, Okayama, Japan, Nov. (2017). [2] 

6. ƠüĚ��Real-space investigation of energy transfer, conversion and dissipation of a single molecule at 
solid surfaces��öþ�²lŔ 98ù±Ël�xÏľņäÉ�2018Ë 3û. [1,2]  

7. ÷ĥŗÔ��56C§Ò;>0F*9V0-@Y�Ƥé�©Č�ı¦��¾Ƥ��Ŕ 65 �ÙĴ
ħį²lù±²ŸƇĤl�āfƜõ¹��2018Ë 3û. [2] 

8. ƠüĚ��Ƒí¥u Ĵ���{¯�Ù�{u��öþ�²lŔ 98 ù±Ël�xÏľņäÉ�
2018Ë 3û. [1,2] 

9. Y. Kim: “Energy conversion and transfer at a single molecule”, 2018 Korean Physical Society (KPS) 
Spring Meeting, Daejeon, Korea, Apr. (2018). [1,2,4] 

10. òƥÞÑ¯��CR1NWƃƍ�²�Ù��Z{¯UETńō��āfª²ĲĳçŸńōå u
ħƋ;>ŋ²ńō2W3Y Nanoscience Seminar�āfƜĻƶ��2018Ë 4û. [2,4] 

11. òƥÞÑ¯��CR1NWƃƍ�²�Ù��Z{¯UETńō��2018ËÎƭĔ�²lƦāïƛ
2K;Y�tŒſĢçŸ���ƭĊĶƮ{Ă�õ¾Ƥ��āfƜĻƶ��2018Ë 4û. [2,4] 

12. Y. Kim: “STM investigation of energy conversion and transfer at a single molecule”, France-Japan 
workshop on optoelectronics & Photonics, Paris, France, May. (2018). [1,2,4] 

13. N. Hayazawa: “Tip-enhanced nanospectroscopy beyond ambient”, The 26th International Conference 
on Raman Spectroscoy (ICORS 2018), Jeju, Korea, Aug. (2018). [4,2] 
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14. Y. Kim: “Single-molecule chemistry and spectroscopy with localized surface plasmon”, 14th 
International Conference on Atomically Controlled Surfaces, Interfaces and Nanostructures 
(ACSIN-14)Ʒ26th International Colloquium on Scanning Probe Microscopy (ICSPM26), Sendai, 
Japan, Oct. (2018). [1,2,4] 

15. N. Hayazawa: “The genealogy of tip-enhanced Raman spectroscopy”, 14th International Conference on 
Atomically Controlled Surfaces, Interfaces and Nanostructures (ACSIN-14)Ʒ 26th International 
Colloquium on Scanning Probe Microscopy (ICSPM26), Sendai, Japan, Oct. (2018). [4,2] 

16. E. Kazuma: “STM investigation of reaction mechanisms for photochemistry and plasmon chemistry on 
metal”, The 3rd International Workshop on Advanced Nanoscience and Nanomaterials 2018, Fukuoka, 
Japan, Oct. (2018). [2,4] 

17. Y. Kim: “Single-molecule chemistry and spectroscopy by near-field light”, 2019 Annual Meeting of the 
Physical Society of Taiwan, Hsinchu, Taiwan, Jan. (2019). [1,2,4] 

18. Y. Yokota: “Developments of In Situ and Ex Situ Techniques for Microscopic Studies of 
Electrochemical Reactions at Aqueous Solution/Electro Interfaces”, IMS symposium "Water at 
interfaces 2018", Okazaki, Japan, Jan. (2019). [4,1] 

19. Y. Kim: “Single-molecule chemistry and spectroscopy by near-field light”, Annual Meeting of the 
Physical Society of Taiwan, Hsinchu, Taiwan, Jan. (2019). [1,2,3,4]   

20. Y. Yokota: “Developments of In Situ and Ex Situ Techniques for Microscopic Studies of 
Electrochemical Reactions at Aqueous Solution/Electro Interfaces”, IMS symposium "Water at 
interfaces 2018", Okazaki, Japan, Jan. (2019). [4,1] 

21. Y. Yokota: “In Situ and Ex Situ Investigations of Electrochemical Interfaces”, International Symposium 
on Molecular Science 2019, Tokyo, Japan, Mar. (2019). [4,1]  

22. ƠüĚ��ƌĄ9W=TƱ×ơ Ĵ��[ƞƯ�ƍ¯Óâ��Z{¯ſĢ��öþ�²lŔ 99
ù±Ël�xÏľņäÉ�2019Ë 3û. [1,2,3,4] 

23. ƠüĚ��Real-space investigation of energy transfer, conversion and dissipation of a single molecule at 
solid surfaces��öþ�²lŔ 99ù±Ël�xÏľņäÉ, 2019Ë 3û. [1,2,3,4] 

24. hĵź��ƌĄ9W=TƱ×ơ Ĵ��ĸu/��{u�Ƥĸ�ÙĴ��öþħį²lŔ 74�Ë
ďªl�ňÁľňÁÉ�2019Ë 3û. [4,2] 

25. hĵź��Ƒí¥u��Z{¯�ļdpĴ��¯0,YTžĂƼ�Z{¯�uJ<@PUY.
QW�����Ŕ 66�ÙĴħį²lù±²ŸƇĤl�āfƜĻƶ� �2019Ë 3û. [4,2] 

26. òƥÞÑ¯��ƌĄ�9W=TƱ×ơ����Z{¯�²�Ù�žĂ��{¯ńńōl��{¯
üĎ�²�êã��ßŃľÁÄÉ�2019Ë 5û. [2,4] 

27. N. Hayazawa: “Raman going into sub-nanometer and multiple environments”, The 7th Taiwan 
International Symposium on Raman Spectroscopy (TISRS) and Taiwan Association of Raman 
Spectroscopy Summer School (TARS), Taipei, Taiwan, Jun. (2019). [2,3,5]  

28. N. Hayazawa: “Subnanometer resolution STM-TERS beyond ambient”, 10th International Conference 
on Advanced Vibrational Spectroscopy (ICAVS10), Auckland, New Zealand, Jul. (2019). [2,3,5]  

29. N. Hayazawa: “Sub-nanometric tip-enhanced Raman spectroscopy in multiple environments”, Nano 
Korea 2019, Ilsan, South Korea, Jul. (2019). [2,3,5] 

30. Y. Yokota: “Novel approaches for microscopic understanding of electrochemical interfaces: in situ and 
ex situ techniques”, 2019 RIKEN-NCHU Joint Symposium, Taichung City, Taiwan, Aug. (2019). 
[1,2,4] 

31. Y. Kim: “Single-molecule chemistry and spectroscopy at surfaces”, 2019 RIKEN-NCHU Joint 
Symposium, Taichung City, Taiwan, Aug. (2019). [1,2,3,4,5] 

32. Q. Weng: “Terahertz nanoscopy of non-equilibrium carrier dynamics: A thermometric approach”, The 
2019 Infrared Terahertz Quantum Workshop (ITQW), Ojai, USA, Sep. (2019). [2,5] 

33. Y. Kim: “Single-molecule optical spectroscopy with STM”, Atomic Level Characterization (ALC), 
Kyoto, Japan, Oct. (2019). [1,2,3,4] 

34. Y. Kim: “Single-molecule optical spectroscopy”, 704.WE-Heraeus-Seminar "Exploring the Limits of 
Nanoscience with Scanning Probe Methods", Bad Honnef, Germany, Oct. (2019). [1,2,3,4] 

35. Y. Kim: “Single-molecule optical spectroscopy with a photon STM”, 19th International Conference on 
Solid Films and Surfaces, Hiroshima, Japan, Oct. (2019). [1,2,3,4] 

36. Y. Kim: “Single-molecule chemistry and spectroscopy with a photon STM”, The Seventh 
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RIKEN-NCTU Symposium on Physical and Chemical Sciences, Hsinchu, Taiwan, Oct. (2019). 
[1,2,3,4] 

37. Y. Kim: “Single-molecule Chemistry and Spectroscopy with a Scanning Tunneling Microscope”, 
International Symposium for Nano Science (ISNS), Osaka, Japan, Nov. (2019) [1,2,3,4] 

38. Q. Weng: “Imaging hot-electron distribution in nanoscale electronic devices”, International School and 
Symposium on Nanoscale Transport and phoTonics (ISNTT2019), Kanagawa, Japan, Nov. (2019). [5,2] 

39. R. B. Jaculbia: “Single molecule tip-enhanced Resonance Raman spectroscopy in low temperature 
environments”, Philippine-Japan Conference on Photonics and Optical materials, Quezon, Philippines, 
Dec. (2019). [4,2] 

40. N. Hayazawa: “Development of nano-Raman and the challenge towards nano-THz”, Philippine-Japan 
Conference on Photonics and Optical materials, Quezon, Philippines, Dec. (2019). [5,2] 

41. N. Hayazawa: “Single molecule Raman spectroscopy and imaging via tip-enhancement”, 
OptoX-NANO 2019, Okayama, Japan, Dec. (2019). [4,2] 

42. H. Imada: “Plasmon-exciton coupling at an STM junction: fundamental and applications for 
spatially-resolved single-molecule spectroscopy”, 27th International Colloquium on Scanning Probe 
Microscopy (ICSPM27), Shizuoka, Japan, Dec. (2019). [4,2] 

43. H. Imada: “STM study of exciton creation and annihilation in a single molecule”, The 81st Okazaki 
Conference "Forefront of Measurement Technologies for Surface Chemistry and Physics in Real-Space, 
k-Space, and Real-Time", Aichi, Japan, Dec. (2019). [4,2] 

44. E. Kazuma: “Single molecule study of plasmon-induced chemical reactions”, The 81st Okazaki 
Conference "Forefront of Measurement Technologies for Surface Chemistry and Physics in Real-Space, 
k-Space, and Real-Time", Aichi, Japan, Dec. (2019). [2,4] 

45. ƠüĚ���Z{¯�
�%=T)YŌ�X¨îXñƔ�¶ŎƥſĢ�}Ö��Ŕ 58 �Ĭ 
��ƚðìƀÚ vƤ²ŸƇĤl ƺĶƮ Ť	�ƺ�fƜÉ, 12û 9ö (2019). [1,2,3,4] 

46. ýĀƆi�[ƐƘ_�hĵź�he����Ė�Ň«�œƈŘZ�Å�Ŀŗ�J",T (T
FSW�ƠüĚ��STM ĸu{uė Ĵ��ƗèĹ�[ƞƯ�ƍ¯Óâ��Z{¯ſĢ��Ŕ

48�ÙĴħį²lŊ±²ŸƇĤl, āfƜ�jĵ�, 2020Ë 3û. [4,2] 
47. òƥÜÑ¯��Nanoscale analysis and control of chemical reactions induced by Iocalized surface 

plasmon��öþ�²lŔ 100ù±Ël��ŵľƟĵÉ�2020Ë 3û. [4,2] 
48. òƥÜÑ¯��u STM  Ĵ��CR1NWƃƍ�²�Ù��Z{¯UETžĂ��ŹƮŀŎ²

lƦāïƛ�ƇĤl�ßŃľÁÄÉ�2020Ë 4û. [2,4] 
 
(5) Patent applicationsƸ Research Category in [ ] ƹ 
 
   N/A 
 
(6) Collaborations including both inside and outside projectƸ Research Category in [ ] ƹ 
�

1.  Ơ üĚ��Ŷ ƬZƚƸįń�D7VĶƮƹƼ{¯�Ł���'YHW;>5PYB��ƍ¯
}Ö [5] 

2.  Ơ üĚ�ā qŷƸįń�ħƋƫ¿�įƹƼƎƳ{žŨ�Z{¯ë�{u [4,2] 
3. Ơ üĚ�~ĵ İ¬Ƹįń�D7VĶƮƹƼūÈśŠ� DNA�{¯ũ�ĶƮńō [4] 
4. Ơ üĚ�  µ�ƸxÏľŏª²�D7VĶƮƹƼũ�!��Ƌ�ĶƮńō [4] 
5. Ơ üĚ�ąƢ ęøƸáÙª²ƹƼG#Ś:YC4"ONW:ƭĊŹƮ�ńō [3] 
6. Ơ üĚ�³Ɩ �ĘłƸ`Æª²ƹƼƳ�ī�{¯ĸuM'<1Lńō [2,4,5] 
7. Ơ üĚ�ňÃ °yƸāfÇĉª²ƹƼūÈŝş{¯ũ�Ƥĸ [1,4] 
8. Ơ üĚ�Klaus KernƸMax Planck InstituteƹƼ�Z{¯�ƍ¯Óâ�}Ö [4,2] 
9. Ơ üĚ�đĵ ĠƸčě�ŏª²ƹƼƎƳƒ�{¯ĸu{uė�Ƥĸ [4,2] 
10. Ơ üĚ�zÀ ŀmƸįń�āfª²ƹƼd¨ķÛ�¢���{¯ĸu0"65W+ [2,4] 
11. Ơ üĚ�đď ØaƸ�Ğƕª²ƹƼ�{¯RJW0F*9T�žĂįƄ�Ƥĸ [4,2] 
12. Ơ üĚ�[Ɛ Ƙ_ƸNorthwestern UniversityƹƼ�{¯ĸu�žĂįƄ�Ƥĸ [4,2] 
13. Ơ üĚ�\Ţ ÐƸ»Àª²ƹƼƑí¥u����{¯�ƍM'<1L�žĂ [4,2] 
14. Ơ üĚ�Jaehoon JungƸUniversity of UlsanƹƼūÈśŠ{¯ũÓâM'<1L�žĂ [1,4] 
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(7) Hosted seminars and symposiums�
�

1.   “5th Ito International Research Center (IIRC) Conference, Forefront of Molecular Dynamics at 
Surfaces and Interfaces: from a single molecule to catalytic reaction”, Tokyo, Japan, November 20-23 
(2017). 

2. �ħƋƫ¿�įńō�&�D7VĶƮńō���ńōl�Öē¥É�2019Ë 5û 10-11ö.�
 
(8) Awards and honors 
�

1. hĵ źƼ�The 8th RIKEN Research Incentive Award��įń�2017Ë 3û. 
2. ýĀ ƆiƼ�ƇĤsŉƊ��Ŕ 6� ;>0,YT{¯8?"0ŲæƇĤl�2017Ë 3û. 
3. ýĀ ƆiƼ�ƇĤ�Ɗ(05PY8W9ƛƣ) ��öþŹƮŋ²l�2017Ë 5û. 
4. hĵ źƼ�ƇĤ�Ɗ(Ųæńōťƛƣ) ��öþŹƮŋ²l�2017Ë 5û. 
5. ýĀ ƆiƼ�Ŕ 7� CSJ�²A$03 sŉI03YƊ��öþ�²l�2017Ë 10û. 
6. ýĀ ƆiƼ�sŉƇĤƊ��Ŕ 7� ;>0,YT{¯8?"0ŲæƇĤl�2018Ë 1û. 
7. Emiko KazumaƼ�Poster Award, Engineering Prize”, SPDR and FPR program screening subcommittee 

in RIKEN�2018Ë 1û. 
8. Ơ üĚƼ�Êâ 30ËÎŋ²çŸ{Ɵ�óƛŋ²ªŪŹÕ��óƛŋ²Ľ�2018Ë 4û. 
9. hĵ źƼ�įńćÂƊ��įń�2018Ë 6û. 
10. Ơ üĚ, hĵ źƼ�;>CVYB7*>V/YƊ��öþ²ŸëŬl;>CVYB7*>V/

YŔ 167®�l�2018Ë 7û.  
11. Emiko KazumaƼ�Young Researcher Award��ACSIN-14 & ICSPM26�2018Ë 10û.  
12. Chi ZhangƼ�Young Researcher Award��ACSIN-14 & ICSPM26�2018Ë 10û. 
13. Ơ üĚƼ�Ŕ 36�²ŸƊ��öþ�²l�2019Ë 3û. 
14. hĵ źƼ�öþħį²lŲæ�Ɗ��öþħį²l�2019Ë 3û. 
15. òƥ ÜÑ¯Ƽ�The 10th Research Incentive Award (ĆŭƊ) ��įń�2019Ë 3û. 
16. he ���Ƽ�²ĲsŉĸŹƊ��öþħį²l�2019Ë 3û.  
17. he ���Ƽ�ƇĤsŉƊ��Ŕ 8� ;>0,YT{¯8?"0ŲæƇĤl�2019Ë 3û. 
18. ýĀ ƆiƼ�ƇĤ�Ɗ(05PY8W9ƛƣ) ��öþŹƮŀŎ²l�2019Ë 5û.  
19. òƥ ÜÑ¯Ƽ�Êâ 31 ËÎŰĭŋ²�Ɗ��vĺƉ�ėgŰĭűŸXŋ²Ɖ��2019 Ë 6

û.  
20. hĵ ź�[Ɛ Ƙ_�he ����Ė� Ň«�ýĀ Ɔi�Ơ üĚƼ�öþŹƮŀŎ²ll

ƂƊ��öþŹƮŀŎ²l�2019Ë 10û. 
21. he  ���Ƽ�Poster Award��27th International Colloquium on Scanning Probe Microscopy 

(ICSPM27)�2019Ë 12û.  
22. Shunji YamamotoƼ�Poster Award, Physics Prize”, SPDR and FPR program screening subcommittee in 

RIKEN�2020Ë 1û. 
23. ýĀ ƆiƼ�ŞƢƊ��āfª²�2020Ë 3û.  
24. ýĀ ƆiƼ�ńōŋƢƊ��āfª²õư¡�âŋ²ńōŋ�2020Ë 3û.   
25. ýĀ ƆiƼ�Ŕ 47� ÙĴħį²lƇĤ�Ɗ��ÙĴħį²l�2020Ë 3û. 
26. òƥ ÜÑ¯Ƽ�Ŕ 69�ƓĒƊ��öþ�²l�2020Ë 3û. 
 
(9) Press releases 
�

1. CU0SSY0��õ�į�¢���Z{¯ĸuX��{u ¶Į��2017Ë 7û 5ö 
https://www.riken.jp/press/2017/20170705_1/ 

2. öþŜġõŧ��įń�õ�į�¢���Z{¯ĸuX��{u ¶Į��2017Ë 7û 5ö 
3. CU0SSY0��;>�u�ƍ���²�Ù��2018Ë 5û 4ö. 

https://www.riken.jp/press/2018/20180504_1/ 
4. Chemistry World��Plasmon chemistry sheds new light on designing photocatalysts��2018Ë 5û 5

ö. 
5. CU0SSY0���o/ğoĶƮ�ƭĔcƞ¿ ŀŎ]�ŖºžĂ��2018Ë 11û 12ö. 
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https://www.riken.jp/press/2018/20181112_1/index.html 
6. öþŜġõŧ��įń��o/ğoĶƮ�ƭĔcƞ¿�ĩà ģğXŀŎ]�Ŗº�Ģ´���

Ż�.07L Ƥĸ��2018Ë 11û 12ö. 
7. CU0SSY0���Z{¯ƭĶĸu�Ďċžø��2019Ë 3û 1ö. 

https://www.riken.jp/press/2019/20190301_1/ 
8. öþŜġõŧ��įń����Z{¯ƭĶĸuƸ%U*9VTK=62W0ƹ�Ďċ žø��

2019Ë 3û 1ö. 
9. CU0SSY0��üĎ EL�õ��ĸuĎċ ĸż��2019Ë 6û 6ö. 

https://www.riken.jp/press/2019/20190606_1/ 
10. öþŜġõŧ��įń�āª���üĎ EL8?"0�
��[ƞƯ�ƍ¯ nƭ��ƗèĹ�

Óâ��õ��Ďċ ĸż��2019Ë 6û 6ö. 
11. CU0SSY0���Z{¯���wƵRJWñb��Ž��â���2020Ë 2û 17ö. 

https://www.riken.jp/press/2020/20200217_1/index.html 
12. CU0SSY0��;>�u����ZƝŚ{¯�{ž��2020Ë 3û 23ö. 

https://www.riken.jp/press/2020/20200323_1/index.html 
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Molecular Spectroscopy Laboratory�
�������	��

Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
Phone number 
Email 

Tahei TAHARA 
Chief Scientist 
RIKEN Cluster for Pioneering Research 
Molecular Spectroscopy Laboratory 
2-1 Hirosawa Wako Saitama 351-0198 JAPAN 
+81-(0)48-467-4592 
tahei@riken.jp 
 

Education 1984-1989  Graduate School of Science, The University of Tokyo 
1982-1984  The University of Tokyo, Faculty of Science, Department of 

Chemistry 
1980-1982  The University of Tokyo, College of General Education 

Degrees Dr. Sci. (1989) The University of Tokyo 
M. Sci. (1986) The University of Tokyo 
B. Sci. (1984) The University of Tokyo 

Employment/research 
experience 

2001-     Chief Scientist, Molecular Spectroscopy Laboratory, RIKEN 
1995-2001  Associate Professor, Institute for Molecular Science (IMS) 
1990-1994 Research Associate, Kanagawa Academy of Science and 

Technology (KAST) 
1989-1990 Research Associate, Department of Chemistry, Faculty of 
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48. K. Ishii: “Multi-dimensional fluctuation analysis of FRET signals at the single-molecule level”, Dept. of 
Chemistry, University of Wisconsin-Madison, Madison, USA, Apr. (2019). [2] 

49. ţvƻíǣ�ŭĨ�i�Å��,&�����2019ãèčĚ��Ç|ãĮƦń|�wƽçÈĵá�
2019ã 5Ĕ. [2] 

50. tĚĢƃ§ǣ�ċƙǔŽì��Ķ�Ɲ�Ď
�ƔĿƹ©óǜ�ÅŕǕ�ĩƴ��ŎŤg0SLf
9@ZKh�Ğw�2019ã 6Ĕ. [4]�

51. T. Tahara: “Vibrational sum-frequency generation with quadrupole mechanism investigated by 
HD-VSFG spectroscopy”, International workshop on nonlinear optics at interfaces, Shanghai, China, 
Jun. (2019). [4] 

52. T. Tahara: “Structural dynamics of chemical bond formation in the Au(I) complex oligomers revealed 
by femtosecond time-domain Raman spectroscopy”, International Conference on Ultrafast Structural 
Dynamics (ICUSD2019), Daejeon, Korea, Jun. (2019). [2] 

53. T. Tahara: “Structural dynamics of bond formation in metal complex oligomers elucidated by 
femtosecond time-resolved impulsive stimulated Raman spectroscopy”, Telluride Science Research 
Center (TSRC) Workshop "Vibrational Dynamics", Colorado, USA, Jul. (2019). [2] 
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54. M. Iwamura, K. Nozaki, H. Kuramochi, S. Takeuchi, T. Tahara: “Nuclear wave-packet motions of 
metallophilic oligomers in solution”, 10th International Conference on Advanced Vibrational 
Spectroscopy (ICAVS 10), Auckland, New Zealand, Jul. (2019). [2] 

55. S. Nihonyanagi: “Phase-resolved nonlinear spectroscopy at electrode/electrolyte solution interfaces”, 
10th International Conference on Advanced Vibrational Spectroscopy (ICAVS 10), Auckland, New 
Zealand, Jul. (2019). [4] 

56. H. Kuramochi, S. Takeuchi, M. Iwamura, K. Nozaki, T. Tahara: “Direct observation of ultrafast 
structural dynamics of the dicyanoaurate trimer upon photo-induced tight Au-Au bond formation”,  
10th International Conference on Advanced Vibrational Spectroscopy (ICAVS 10), Auckland, New 
Zealand, Jul. (2019). [2]  

57. T. Tahara: “Ultrafast dynamics at aqueous interface revealed by time-resolved HD-VSFG 
spectroscopy”, CECAM workshop on “Dynamics of Water in Complex Environments, Bridging the 
Gap between Molecular and Mesoscopic Interfaces”, Paris, France, Jul. (2019). [4] 

58. T. Tahara: “Tracking ultrafast photochemical processes with observing excited-state coherent nuclear 
motion”, The 29th International Conference on Photochemistry (ICP 2019), Colorado, USA, Jul. (2019). 
[2] 

59. T. Tahara: “Microsecond structural dynamics of bio-macromolecules revealed by two-dimensional 
fluorescence lifetime correlation spectroscopy”, Methods & Applications of Fluorescence (MAF 2019), 
California, USA, Aug. (2019). [2] 

60. œ�Àâ�“Āø���å�
�±ǘ”��ś�Ơ�ÅŪÇŤŭÃ�ĥǀºǂ� ų 6²ĥǀH/
>6F<_f�Ğw�2019ã 9Ĕ. [2,4] 

61. H. Kuramochi, T. Tahara: “Mapping ultrafast chemical reaction dynamics with femtosecond 
time-resolved time-domain Raman spectroscopy using few-cycle pulses”, 19th Time-Resolved 
Vibrational Spectroscopy Conference (TRVS2019), Auckland, New Zealand, Sep. (2019). [2] 

62. A. Mohammed, S. Nihonyanagi, T. Tahara: “Vibrational spectra and ultrafast dynamics of interfacial 
water studied by steady-state and time-resolved HD-VSFG spectroscopy”, Indo-Japan workshop on 
“Frontiers in Molecular Spectroscopy: From Fundamentals to Applications in Chemistry and Biology”, 
Kobe, Japan, Oct. (2019). [4] 

63. H. Kuramochi: “Mapping ultrafast chemical reaction dynamics with femtosecond time-resolved 
time-domain Raman spectroscopy”, Indo-Japan workshop on “Frontiers in Molecular Spectroscopy: 
From Fundamentals to Applications in Chemistry and Biology”, Kobe, Japan, Oct. (2019). [2] 

64. T. Tahara: “Ultrafast dynamics at the water surface revealed by femotosecond interface-selective 
nonlinear spectroscopy”, Nature Conference on Functional Dynamics -Visualizing Molecules in 
Action-, Arizona, USA, Nov. (2019). Keynote [4] 

65. T. Tahara: “Time-domain Raman spectroscopy and its application to ultrafast photochemical / 
photobiological reactions”, Mizushima Raman Lecture, 26th CRSI National Symposium in Chemistry 
(NSC-26), Vellore, India, Feb. (2020). [2] 

66. T. Tahara: “Structure and dynamics at aqueous interface revealed by heterodyne-detected vibrational 
sum-frequency”, Department Seminar, Department of Inorganic and Physical Chemistry, Indian 
Institute of Science (IISc), Bangalore, India, Feb. (2020). [4] 

67. T. Tahara: “Microsecond structural dynamics of protein, DNA and RNA revealed by two -dimensional 
fluorescence lifetime correlation spectroscopy (2D-FLCS)”, Department Seminar, Department of 
Chemistry, Indian Institute of Science Education and Research (IISER), Pune, India, Feb. (2020). [2] 

68. T. Tahara: “Wonder world seen with ultrashort light”, Special Colloquium 2020, Pune, India, Feb. 
(2020). [2,4] 

69. T. Tahara: “Structure and dynamics at aqueous interface revealed by heterodyne-detected vibrational 
sum-frequency”, Department Seminar, Department of Chemistry, Indian Institute of Technology at 
Bombay, Mumbai, India, Feb. (2020). [4] 

70. T. Tahara: “Time-domain Raman spectroscopy and its application to ultrafast photochemical/ 
photobiological reactions”, Department Seminar, Department of Chemical Sciences, Tata Institute for 
Fundamental Research (TIFR), Mumbai, India, Feb. (2020). [2] 

71. T. Tahara: “Wonder world seen with ultrashort light”, Mizushima-Raman Public Lecture, Delhi, India, 
Feb. (2020). [2,4] 

－177－



72. T. Tahara: “Wonder world seen with ultrashort light”, Institute Lecture, Indian Institute of Science 
Education and Research (IISER) Bhopal, Bhopal, India, Feb. (2020). [2,4] 

73. T. Tahara: “Structure and dynamics at aqueous interface revealed by heterodyne-detected vibrational 
sum-frequency”, Department Seminar, Department of Chemistry, Indian Institute of Science Education 
and Research (IISER) Bhopal, Bhopal, India, Feb. (2020). [4] 

74. �ÿ�ǣ“ƮǜƳ`Yf���ƛ*�¡ÎCfO8Ƭ�	�*TdIfŬ�D0KZ8>”�TIA
ƵąTd9`[ăźsħ�
����ǁÅ�ò<fX=1[��Əşǀœá�2020ã 3Ĕ. [2] 

�

 (5) Patent applicationsǠ Research Category in [ ] ǡ 
�

1.  ğÜż��œ�Àâ�ţvƻíǣ�������������
�����������	��
������������������������ňǙ 2020-030796�2020ã 2Ĕ 26č. [2] 

 
 (6) Collaborations including both inside and outside projectǠ Research Category in [ ] ǡ 
�

1. œ� Àâ�ţv ƻí�êœ �ǠÂƊ�űŪÇüƕ¾ÇǊ¾Çǡǣ<I8d[ c�R4hbH
/f9ĭĩ [2] 

2. œ� Àâ�ţv ƻí�êœ �ǠÂƊ�űŪÇüƕ¾ÇǊ¾Çǡǣ<I8d[ c�ƅƬtƿƆ
��Şu�ŒD0KZ8>�ƝĎ [2] 

3. œ� Àâ�ţv ƻí��Ô îĖǠĞwßħ¾ÇǡǣËǛ�Ŏƥ�'* DNA	'! RNAU.
QfbhT�ĩƴŚàŖ�ƭł�ƝĎ [2] 

4. œ� Àâ�ţv ƻí�ǚǀ xÀǠ�ÅŪÇŤŭúǡǣ@b`hA�ĩƴl·ió�D0KZ
8> [2] 

5. œ� Àâ�ţv ƻí�Jayant UdgaonkarǠ0fJ´ŮŐŇŪÇ@fChǡǣTa5fCfO8
Ƭ�¿ņŉöD0KZ8> [2] 

6. œ� Àâ�ţv ƻí�Steve PresséǠ.aBKÞŮ¾ÇǡǣMfO`\IaF8V0?Ķ,Œ
��Ɠ�Ò®ƝĠ [2] 

7. œ� Àâ�ţv ƻí�Randall GoldsmithǠ1/>:f<f¾Çǡǣ�ǑI`FT,Œ��ŃĿ
ƈŔþć�Å�æđǇǗ¹i�ÅƓ�ƞŁ [2] 

8. œ� Àâ�ĥœ ĎëǠĞ�¾Çǡ�ţØ ƸrǠÑØ¾ÇǡǣËǛ�Ŏƥ�'*ĳŕǕ�Td
If�ĳ¯ĩƴ [4] 

9. œ� Àâ�tĚĢ ƃ§�ĥœ ĎëǠĞ�¾Çǡ�ţØƸrǠÑØ¾ÇǡǣĳŕǕ�tĮǔŽ
ìõ¡ŋ>W8Ib�	�*¼ƜĂ�NfJ��ōĭĩ [4] 

10. œ� Àâ�tĚĢ ƃ§�ĥœ ĎëǠĞ�¾ÇǡǣǅǄ.b7b��ÅƆ�tĮǔŽìõ¡ŋ
>W8Ib�	�*\Ecfº�Ðm [4] 

11. œ�Àâ�tĚĢƃ§�ţØƸrǠÑØ¾Çǡǣ.b:hb��ÅƆŕǕ�tĮǔŽìõ¡ŋ
>W8Ib�ŎƥƝĠ [4] 

12. œ� Àâ�tĚĢ ƃ§�Artem BakulinǠImperial College LondonǡǣWdS>60IƐƆŕǕ
�ĕĭ6E5f�ƾ«ƝĠ [4] 

13. œ� Àâ�tĚĢ ƃ§�Artem BakulinǠImperial College LondonǡǣƓ�	'!�ǑĺŁÊ�
'*ƤƭǑÅěĉn�ĂǑŞu�Œ�ŝĄƛŁ [2] 

14. œ� Àâ�tĚĢ ƃ§�ǒĘǋ§Ǡwƽßƌſż¾ÇǡǣŐ~ƹ©óǜ�Å�ĭƄŘōĭĩ
�ƝĎ [4] 

15. œ� Àâ�tĚĢ ƃ§�Anton MyalitsinǠčő.h8ǡǣ¯ķŘŐ��Ķ�őħ�Œ¥Ƅó
�ĦƟ [4] 

16. œ� Àâ�tĚĢ ƃ§��œŏÁǣXaYhS`<ŕǕ�ĩƴƝĠ [4] 
17. œ� Àâ�tĚĢ ƃ§�ŀÝǎƁǠ»Ō¾Çǡǣ3fJ7^FT��ŗĳó��ÅƆŕǕ�
ĩƴƝĠ [4] 

18. œ� Àâ�tĚĢ ƃ§��ĘijǠ�ľƷ¾Çǡǣřǂ/KR/5fƐƆŕǕ�>bR4fº
�ƾ«ĴÊ [4] 

19. œ� Àâ�tĚĢ ƃ§�Prashant SinghǠIndian Association for the Cultivation of Scienceǡǣ]H
bŐ~ƆŕǕ"� DNA�¬Šā� [4] 

20. œ� Àâ�tĚĢ ƃ§��¤ ıǠŎŤǡǣ@bRPhaf9XaYhƖǕ�ĩƴƝĠ [4] 
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21. œ� Àâ��ÿ ��İĮ ðrǠ�ľƷ¾Çǡǣ>EbVf�Ŗó��ò�ƮǜƳ��� ab initio 
MDƞŵ [2] 

22. œ� Àâ��ÿ ��}Ƒ ĵǠqÞ¾Çǡ�¶Ě ŰǠǒØÇǊ¾Çǡǣ�Ĩ>0FEf9,Ŧ
�½ģǂ×ǃ~�ƮǜƳ��[2] 

23. œ� Àâ��ÿ ��ţv ƻí�kǀ ũī�ğÔ ŔƩ�ǠĶĆ¾Çǡǣ�ÅNSb�đǇ�
ƝƓ�ŁÊ 

24. œ� Àâ��ÿ ��ǖƑ ǍĲǠÙØ¾ÇǡǣdJT<f�ƮǜƳ�� [2] 
25. œ� Àâ��ÿ ��ŧ  ũīǠª£Ößħ¾ÇǡǣdJT<f�ƮǜƳ�� [2] 
26. œ� Àâ��ÿ ��vk µiǠĞw¾ÇǡǣdJT<f�ƮǜƳ�� [2] 
27. œ� Àâ��ÿ ��ÚĜ ÉǜǠÑØ¾Çǡ�ǀÜ ĽiǠÑØ¾ÇǡǣƺŬǂ×ǃ~�ƮǜƳ
�� [2] 

28. œ� Àâ��ÿ ��ĳǀ ũĐǠKU LeuvenǡǣƓ��- Ƭ�ƮǜƳ�� [2] 
29. œ� Àâ��ÿ ��Żv ĒÅǠĞƻ¾ÇǡǣƓ��- Ƭ�ƮǜƳ�� [2] 
30. œ� Àâ��ÿ ��Dongho KimǠYonsei Universityǡǣ��ï�Å�ƮǜƳ�� [2] 
31. œ� Àâ��ÿ ��Eric DiauǠNational Chiao Tung UniversityǡǣWdS>60I�ƮǜƳ�� 

[2] 
32. œ� Àâ��ÿ��Justin HodgkissǠVictoria University of WellingtonǡǣŐ~ǈƵƋŹ�ƮǜƳ
�� [2]   

 
 (7) Hosted seminars and symposiums�
 
1. RIKEN Seminar, Prof. Michiel Sprik (University of Cambridge, UK.), “Electromechanics of the water 

liquid-vapour interface”, Wako, Saitama, 2019ã 4Ĕ 16č. 
2. MSL Seminar, Ms. Bluebell Drummond (University of Cambridge, UK.), “The effects of molecular 

modification on intersystem crossing for improved thermally activated delayed fluorescence”, Wako, 
Saitama, 2019ã 9Ĕ 24č. 

3. RIKEN Seminar, Prof. David M. Leitner (University of Nevada, Reno), “Energy Transport across 
Interfaces in Biomolecular Systems”, Wako, Saitama, 2019ã 10Ĕ 21č. 

4. RIKEN Seminar, Prof. Sudipta Maiti (Tata Institute of Fundamental Research) , “In search of the 
elusive toxic oligomer in Amyloid diseases”, Wako, Saitama, 2019ã 12Ĕ 5č. 

5. RIKEN Seminar, Prof. Eric Borguet (Temple University), “Impact of ions on structure and dynamics at 
aqueous interfaces”, Wako, Saitama, 2020ã 1Ĕ 6č.�

6. MSL Seminar, Mr. M. Koga (Ph.D. student, Osaka University), “Direct Observation of Photoionization 
Dynamics in Solution Phase Induced by Simultaneous and Stepwise Two-Photon Excitation”, Wako, 
Saitama, 2020ã 3Ĕ 18č.�

 
(8) Awards and honors 
�

1. œ� Àâǣ�čĚ��Ç|ƪ��čĚ��Ç|�2017ã 5Ĕ 25č. 
2. �ÿ �ǣ�â÷ 29ãèčĚ��Ç|Ã�ƪ��čĚ��Ç|�2017ã 5Ĕ 25č. 
3. œ� ƶrǣ�â÷ 29 ãèčĚ��Ç|ãĮƦń|g�ũƦńƪ��čĚ��Ç|�2017 ã 5
Ĕ 25č. 

4. Hikaru Kuramochi, Satoshi Takeuchi and Tahei Tahara: “Most Surprising Results Award”, The 13th 
Femtochemistry Conference, Cancun, Mexico, Aug.,2017. 

5. œ� Àâǣ�ų 8²�ÅŪÇ|ƪ���ÅŪÇ|�2017ã 9Ĕ 15č. 
6. ǅƨÝ iƲǣ�ų 11²�ÅŪÇ|�ũX>Chƪ���ÅŪÇ|�2017ã 11Ĕ 1č. 
7. œ�  Àâǣ  “Outstanding Contribution to Raman Spectroscopy”, Indian Institute of Science, 

Bangalore, Mar., 2018. 
8. �ÿ �ǣ�čĚ�Ç|�ũƦńƪǠÇƕ)��čĚ�Ç|�2018ã 4Ĕ 13č. 
9. Mohammed Ahmmed: “Best Poster Award”, 26th International Conference on Raman Spectroscopy, 
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Aug., 2018. 
10. ¶¢ Ɓäǣ�čĚŐŇŇŎÇ|ƍûÃ�ƪ��čĚŐŇŇŎÇ|�2018ã 9Ĕ 16č. 
11. �ÿ �ǣ “PCCP Prize”, Royal Society of Chemistry, Mar., 2019. 
12. œ� ƶrǣ�čĚ�Ç| �ũƦńƪǠÇƕǡ��čĚ�Ç|�2019ã 4Ĕ 9č. 
13. œ� Àâǣ�TRVS Lifetime Achievement Award”, TRVS2019, Univ. Auckland, Nov., 2019.  
14. œ� Àâǣ�Mizushima Raman Lecture Award”,  Feb., 2020. 
15. �ÿ �ǣ�z¯ 2ãèĈƼŪÇ¾ƇƖîǠƍûŪÇƂƪǡ��2020ã 4Ĕ 14č. 
16. �ÿ �ǣ�z¯ 2ãè�ÅŪÇŤŭÃ�ĥǀºǂ��2020ã. 
 
(9) Press releases 
�

1.  RIKEN RESEARCH News, “Lasers pick up good vibrations”, June 2, 2017. 
 https://www.riken.jp/en/news_pubs/research_news/rr/20170001/index.html 
2. RIKEN RESEARCH News, “Probing water molecules at cell membrane interfaces”, Dec. 28, 2017. 
 https://www.riken.jp/en/news_pubs/research_news/rr/20170042/index.html 
3. RIKEN RESEARCH News, “Protein changes precede photoisomerization of retinal chromophore”, 

Nov. 29, 2019. 
 https://www.riken.jp/en/news_pubs/research_news/rr/20191129_2/index.html 
4. ŎŤTc>aah>��1��� 3ū�ƶ%�Å�ĩƴ¼�,ƱƯ��2019ã 11Ĕ 28č. 
 https://www.riken.jp/press/2019/20191128_1/index.html 

picked up by Nature Review Chemistry, 4, 64 (2020), “Real-time bond formation”. 
5. RIKEN RESEARCH News, “Gold bond formation tracked in real time using new molecular 

spectroscopy technique”, Feb. 14, 2020. 
 https://www.riken.jp/en/news_pubs/research_news/rr/20200214_1/index.html 
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Condensed Molecular Materials Laboratory�
�
�����	��

 

Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
Phone number 
Email 

Reizo KATO 
Chief Scientist 
RIKEN Cluster for Pioneering Research 
Condensed Molecular Materials Laboratory 
2-1 Hirosawa Wako Saitama 351-0198 JAPAN 
+81-(0)48-467-9408 
reizo@riken.jp 
 

Education 1979-1984  Graduate School of Science, The University of Tokyo 
1977-1979  The University of Tokyo, Faculty of Science, Department of 

Chemistry 
1974-1977  The University of Tokyo, College of General Education 

Degrees Dr. Sci. (1984) The University of Tokyo 
M. Sci. (1981) The University of Tokyo 
B. Sci. (1979) The University of Tokyo 

Employment/research 
experience 

1999-  Chief Scientist, Condensed Molecular Materials Laboratory, 
RIKEN 

1990-1999 Associate Professor, Institute for Solid State Physics, The 
University of Tokyo 

1988-1990 Lecturer, Department of Chemistry, Faculty of Science, Toho 
University 

1984-1988 Research Associate, Department of Chemistry, Faculty of 
Science, Toho University 

 
Additional post 
2014-  Visiting Professor, Gakushuin University 
2013-2019  Visiting Professor, Waseda University 
2011-  Visiting Professor, Chiba University 
2004-2007  Science Adviser, Ministry of Education, Culture, Sports, Science 

and Technology, Research Promotion Bureau 
2003-  Visiting Professor, Toho University 
2002-  Visiting Professor, Saitama University 
2001-2002  Visiting Professor, Institute for Molecular Science 

Awards and honors Japan Society for Molecular Science Award (2017) 
American Physical Society (APS) Fellow (2015) 
MEXT Prizes for Science and Technology (2013) 
Chemical Society of Japan Award for Creative Work (2011) 
IBM Japan Science Prize (1995) 
Chemical Society of Japan Award for Young Chemists (1990) 

Academic activities Associate editor; Chemistry Letters (2010-2012) 
Member; Chemical Society of Japan 
Member; Physical Society of Japan 
Member; American Physical Society 
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Member; Organizing Committee of International Symposium on Novel 
Electronic States in Molecular Conductors (1994) 
Vice-chairman, International Symposium on Cooperative Phenomena of 
Assembled Metal Complexes (2001) 
Member; Scientific Advisory Committee of International Symposium on 
Crystalline Organic Metals, Superconductors and Ferromagnets (2007, 2009, 
2011, 2013, 2015, 2017, 2019) 
Member; Organizing Committee of International Conference on Science and 
Technology of Synthetic Metals 2010 (ICSM 2010) 
Member; Organizing Committee of International Symposium on the 
Jahn-Teller Effect (2012) 
Member; International Advisory Committee of International Conference on 
the Materials and Mechanisms of Superconductivity (2012, 2015) 
Member; Organizing Committee of International Symposium on Science 
Explored by Ultra Slow Muon (2013) 
Member; Organizing Committee of International Conference on 
Molecular-based Magnets (2016) 
Chairperson, The 12th International Symposium on Crystalline Organic 
Metals, Superconductors and Ferromagnets (2017) 
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(1) Participants 
Reizo KatośrĮ ĐTŜ  YbČę� 
Shigeki FujiyamaśĮª ĬèŜ ¡bČę� 
Yugo Oshimaś�¬ t�Ŝ  ¡bČę� 
Cui Hengbo ś® \ðŜ  Čę� 
Yoshitaka Kawasugiś°ã ĤŚŜ Čę� 
Takayuki IsonośĎŋ ĻZŜ  ýmČę� 
Takaaki Minamidateśzĩ �^Ŝ ýmČę� 
Masashi UebeśUŃ £�Ŝ  ýmČę� 
Lee Taehoonś× ñvŜ  JRA  
Kim Sunghyunśō ÎĽŜ  JRA  
Satoshi TajimaśĄ¬� Ħ�Ŝ  �ĥĂ 
Hiroshi YamamotośªÖ ò�Ŝ ��YĜČę�śl�ĕ�ČęÁŜ 
Naoya TajimaśĄ¯ ¥[Ŝ  ��YĜČę�śÜň��Ŝ 
Takashi YamamotośªÖ ĻŜ ��Čę�ś¾���Ŝ 
Masayuki SudaśřĄ āįŜ  ��Čę�śl�ĕ�ČęÁŜ 
Mitsushiro NomuraśŋÙ h�Ŝ ��Čę�śÜ]wÀ±äà¸dđŜ 
Takao Tsumurayaś�ĸ Ļ�Ŝ ��Čę�śúÖ��Ŝ 
Kohei UedaśUĄ ·³Ŝ  ��Čę�śÜ]āĕ��Ŝ 
 
(2) Original papersś Research Category in [ ] Ŝ 
1.  R. Kato and Y. Suzumura: “Novel Dirac Electron in Single-Component Molecular Conductor 

[Pd(dddt)2] (dddt = 5,6-dihydro-1,4-dithiin-2,3-dithiolate)”, J. Phys. Soc. Jpn. 86, 064705/1-7 (2017). 
[1] 

2.  T. Itou, E. Watanabe, S. Maegawa, A. Tajima, N. Tajima, K. Kubo, R. Kato, and K. Kanoda: “Slow 
Dynamics of Electrons at a Metal-Mott Insulator Boundary in an Organic System with Disorder”, 
Science Advances 3, e1601594 (2017). [1]  

3.  H. Yamakawa, T. Miyamoto, T. Morimoto, T. Terashige, H. Yada, N. Kida, M. Suda, H. M. Yamamoto, 
R. Kato, K. Miyagawa, K. Kanoda, and H. Okamoto, “Mott Transition by an Impulsive Dielectric 
Breakdown”, Nature Materials, 16, 1100-1105 (2017). [1] 

4.  T. Yamamoto, T. Fujimoto, T. Naito, Y. Nakazawa, M. Tamura, K. Yakushi, Y. Ikemoto, T. Moriwaki, 
and R. Kato: “Charge and Lattice Fluctuations in Molecule-Based Spin Liquids”, Scientific Reports 7, 
12930 (2017). [1] 

5. E. Tisserond, J. N. Fuchs, M. O. Goerbig, P. Auban-Senzier, C. Meziere, P. Batail, Y. Kawasugi, M. 
Suda, H. M. Yamamoto, R. Kato, N. Tajima, and M. Monteverde: “Aperiodic Quantum Oscillations of 
Particle-Hole Asymmetric Dirac Cones”, EPL, 119, 67001/1-5 (2017). [1] 

6.  S. Fujiyama and R. Kato: “Algebraic Charge Dynamics of the Quantum Spin Liquid β’-EtMe3Sb 
[Pd(dmit)2]2”, Phys. Rev. B, 97, 035131/1-5 (2018). [1] 

7.  Y. Shimizu and R. Kato: “Transport Anisotropy and Electron Correlations in the Layered Molecular 
Compounds Z[Pd(dmit)2]2 (Z=Me4N,Et2Me2As,EtMe3P) with Different Interlayer Coupling”, Phys. Rev. 
B 97, 125107/1-7 (2018). [1] 

8.  K. Ueda, T. Tsumuraya, and R. Kato: “Temperature Dependence of Crystal Structures and Band 
Parameters in Quantum Spin Liquid β'-EtMe3Sb[Pd(dmit)2]2 and Related Materials”, Crystals 8(3), 
8030138/1-15 (2018). [1] 

9. S. Sugiura, K. Shimada, N. Tajima, Y. Nishio, T. Terashima, T. Isono, R. Kato, B. Zhou, and S. Uji: 
“Magnetocaloric Effect in Layered Organic Conductor λ-(BETS)2FeCl4”, J. Phys. Soc. Jpn. 87, 
044601/1-6 (2018). [1] 

10.  K. Sunami, T. Nishikawa, K. Miyagawa, S. Horiuchi, R. Kato, T. Miyamoto, H. Okamoto, and K. 
Kanoda: “Evidence for Solitonic Spin Excitations from a Charge-Lattice-Coupled Ferroelectric Order”, 
Science Advances 4, eeau7725/1-6 (2018). [1] 

11.  T. Lee, Y. Oshima, H. B. Cui, and R. Kato: “Detailed X-band Studies of the π-d Molecular Conductor 
λ-(BETS)2FeCl4: Observation of Anomalous Angular Dependence of the g-value”, J. Phys. Soc. Jpn. 87, 
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Ě 1�ÏÔČęd�¼ì�²�2017´ 5Ò 12-13Ì. 
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(8) Awards and honors 
1.  rĮ ĐTŞ�Ě 8�l�ĕ�dļ��l�ĕ�d�2017´ 9Ò 15Ì. 
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3. zĩ �^Ş�ISCOM2019 Poster Award��ISCOM2019�2019´ 9Ò. 
 
(9) Press releases 
1. ĕ�Ëħ��ō¨þ¿�ġģþ¿��ő� ��#�į�Û�$ŗ���2017´ 9Ò 1Ì. 
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ĿøĳÍ��2017´ 10Ò 27Ì. 
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2009: Award for Creative Work (The Chemical Society of Japan) 
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2016-present: Chair, Selection and Evaluation Committee of MEXT 
diversity initiative program. 
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3. G. Wang, Y. Liu, C. Gao, K. Ijiro, M. Maeda, and Y. Yin: “Island Growth in the Seed-Mediated 
Overgrowth of Monometallic Colloidal Nanostructures”, Chem 3, 678-690 (2017). [1] 

4. G. Wang, Y. Akiyama, N. Kanayama, T. Takarada, and M. Maeda: “Directed Assembly of Gold 
Nanorods by Terminal-Base Pairing of Surface-Grafted DNA”, Small 13, 1702137/1-8 (2017). [1] 
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17. Y. Yano, M. Nisougi, Y. Yano-Ozawa, T. Ohguni, A. Ogawa, M. Maeda, T. Asahi, and T. Zako: 
“Detection of Gold Nanoparticles Aggregation Using Light Scattering for Molecular Sensing”, Anal. 
Sci. 35, 685–690 (2019). [4] 

18. K. Sato, K. Hosokawa, and M. Maeda: “Characterizing the Non-Crosslinked Aggregation of 
DNA-Modified Gold Nanoparticles: Effects of DNA Length and Terminal Base Pair”, Analyst 144, 
5580–5588 (2019). [4, 1] 

19. K. Ozasa, J. Won, S. Song, T. Shinomura, and M. Maeda: “Phototaxis and Photo-Shock Responses of 
Euglena Gracilis under Gravitaxis”, Algal Res. 41, 101563 (2019). [1] 

20. Y.-J. Kim, K. Hosokawa, and M. Maeda: “Sensitivity Enhancement of MicroRNA Detection Using a 
Power-Free Microfluidic Chip”, Anal. Sci. 35, 1227–1236 (2019). [4] 

21. S. Chuaychob, C. Thammakhet-Buranachai, P. Kanatharana, P. Thavarungkul, C. Buranachai, M. Fujita, 
and M. Maeda: “A Nanobiosensor for the Simple Detection of Small Molecules Using 
Non-Crosslinking Aggregation of Gold Nanoparticles with G-Quadruplexes”, Anal. Methods 12, 230–
238 (2020). [4, 1] 

22. S. Kato, K. Ozasa, M. Maeda, Y. Tanno, S. Tamaki, M. Higuchi-Takeuchi, K. Numata, Y. Kodama, M. 
Sato, K. Toyooka, and T. Shinomura: “Carotenoids Are Essential for Light Perception by the Eyespot 
Apparatus to Initiate the Phototactic Movement of Euglena Gracilis”, Plant J. 101, 1091-1102 (2020). 
[1]  

23. L. Wang, G. Wang, Y. Shi, L. Zhang, R. An, T. Takarada, M. Maeda, and X. Liang: “Accelerated 
Non-Crosslinking Assembly of DNA-Functionalized Nanoparticles in Alcoholic Solvents: Towards 
Application in Identification of Clear Liquors”, Analyst, in press. [4]  
 

(3) Reviews and booksƙ Research Category in [ ] ƚ 
 
1. ºįÛ�~įīƠ�@Bō²��!Ŏ¾Ūõ��CSJ,WY>WEQ[24� �ĲZŪõZ�Ŝ
��µ�øĀ�µhŔ��µ�e�24�63-69 (2017). [1] 

2. ƄÇĶđƠ��Ţ�Ū!����Ƅ@Bō²�ơÁ�Ƅ�¬
�;,Tơ�G%VL3&�54(1)�
3135 (2018). [1] 

3. ŝįƎÕ�~įīƠ�ŇƝŔ� Ň 1ņ� ġÓÝŊÞ� Ň 3ŋ� ġÓÝŊÞƗy²� DNA��
š���Ŭűë���¼įƌÜ� ĵs �}ĤÝŊÞƗy²CY?H<.��2018Ñ 12ýzŞ. [4,1] 

4. G. Wang, Y. Akiyama, N. Kanayama, T. Takarada, and M. Maeda: “Non-Crosslinking Aggregation of 
DNA-Functionalized Gold Nanoparticles for Gene Diagnosis and Directed Assembly”, ACS 
Symposium Series “Targeted Nanosystems for Therapeutic Applications: New Concepts, Dynamic 
Properties, Efficiency & Toxicity”, Edited by M. Ilies and K. Sakurai, Oxford University Press, 1309, 
119-138 (2019). [1,4] 

5. M. Maeda, A. Takahara, H. Kitano, T. Yamaoka, and Y. Miura (Eds): “Molecular Soft-Interface 
Science: Principles, Molecular Design, Characterization and Application”, Springer Japan (2019). [1, 4] 

6. ~įīƠ�DNA ŵy²��µ –Ŏ¾żi²ŪõZDNA Íµ��Åƈ–��ĩf�µ�2020
Ñ 1ý��No. 586�48–50 (2020). [4] 

7. ƄÇĶđ�~įīƠ�DNA sƕƄ@Bō²�ħÞ#ĝ���Ŏ¾żi²ŪõĚ��ĊƀŁµ
CY?H<.�øĀĊƀ�µh ĵsƙāĀĶÎŔƏƚ�ŰŮĻ2(*Y='G'.��|^. [4] 
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(4) Invited presentationsƙ Research Category in [ ] ƚ 
 
1. M. Maeda: “Non-Cross-Linking Aggregation of Nanoparticles Carrying Double-Stranded DNA: 

Directed Assembly, Mechanism, and Sensor Application”, The 2017 International Advanced Drug 
Delivery Symposium (IADDS), Taipei, Taiwan, Apr. (2017). [1] 

2. ŝįƎÕ�~įīƠ�DNAæè@Bō²�ĦÞ��"#ĝ���ČxĒŖ��Ň 77 yć�
µŧůh�dſÒdſÏ�2017Ñ 5ýƜ[4] 

3. ºįÛƠ�DNAš�Ɨy²#Į��&G'A='[yƐ35=N��!żi²yć��Ň 77 
yć�µŧůh�dſÒdſÏ�2017Ñ 5ýƜ[4] 

4. ~įīƠ�DNA bƁ �$æè@Bō²#Į�!Ŏ¾D(+7Y3Y/��ĬĦ�µĴĢ¹
Ĺńh Ň 22 µşƏhIX/TN�ądſ�2017Ñ 6ýƜ[4] 

5. ~įīƠ�DNA–�áƗy²š�lƙDNA1Y4Q0[>ƚ��á�ŪõÝĮ��ƖË¬µ &
?DY5>Z7M@[�ƖËķƗĆÏ�2017Ñ 6ýƜ[1] 

6. ~įīƠ�DNA 1Y4Q0[>Ăô�ƈĳ�Åƈ��2017 ÑD(+Íµ3YK4)N�ß±
ķĆÇÏ�2017Ñ 7ýƜ[1] 

7. ~įīƠ�DNAbƁƅ	��!8G>�İƒ�ħı�ÞŴ���ÝĮ��Ðá 29ÑÓĬĪĹ
Ĺńh�ßĸķÈÉÏ�2017Ñ 7ýƜ[1] 

8. M. Fujita, M. Maeda: “Non-crosslinking Aggregation of DNA-functionalized Gold Nanoparticles”, The 
15th International Conference on Advanced Materials (IUMRS-ICAM 2017), Kyoto, Aug.-Sep. (2017). 
[1] 

9. M. Maeda: “Nano-Bio Architectures from Double-Stranded DNA-Functionalized Nanoparticles”, 
Advanced Materials for Biomedical Applications (AMBA 2017), Ghent, Belgium, Sep. (2017). [1] 

10. ºįÛƠ�Ɨy²IX[H�Ğlåä�¦�� DNA�Ƒėě�yƐ��øĀyć�µhŇ 66Ñ
h�ądſ�2017Ñ 9ýƜ[4] 

11. ºįÛƠ�DNA sƕ@Bō²Ə�l�ħı�ı÷ďŶ×áƠyć�µ��ŻĮ�ŖÞ��øĀ
yć�µhŇ 66Ñh�ądſ�2017Ñ 9ýƜ[1] 

12. ~įīƠ�8G>�İƒ�Ĺń�Ź�ĩ£ÿĄ��Ň 27 øĀ MRSÑē¬h�ļ®ËķĐğ
Ï�2017Ñ 12ýƜ[1] 

13. G. Wang: “Spontaneous Aggregation of DNA-modified Anisotropic Gold Nanoparticles for Gene 
Diagnosis and Directed Assembly”, The 15th Pacific Polymer Conference (PPC-15), Xiamen, China, 
Dec. (2017). [1] 

14. ºįÛƠ�-PFTU[Ƒėě�#Į�!żi²«ıČx��Ň 2 r¬ZĪĹ8G>L9[c
Ğ2XY�ƇƂķƇƂÏ�2017Ñ 12ýƜ[4] 

15. C. C. Chang: “Gold Nanoparticle-Based Colorimetric Strategies for Biosensing Applications”�Ň 2 
r¬ZĪĹ8G>L9[cĞ2XY�ƇƂķƇƂÏ�2017Ñ 12ýƜ[4] 

16. G. Wang: “Island Growth in the Seeded Overgrowth of Colloidal Gold Nanostructures”�Ň 3 r¬Z
ĪĹ8G>L9[cĞ2XY�ƇƂķƇƂÏ�2018Ñ 1ýƜ[1] 

17. M. Maeda: “Nano-Bio Sensing Systems Using Double-Stranded DNA-Functionalized Nanoparticles”, 
Pure and Applied Chemistry International Conference (PACCON 2018), Hat Yai, Thailand, Feb. (2018). 
[4] 

18. ~įī:�ĊƀbƁƅæè1X(?�yć�!��Ň 78 yć�µŧůh�¶žÏ�2018Ñ 5
ý. [4] 

19. K. Ozasa: “Microalgae Cells in Microfluidic Devices”, 2018 Hanyang INST Symposium "Functional 
Nanomaterials and Systems", Seoul, South Korea, Jun. (2018). [1] 

20. ºįÛ: “Non-Crosslinking Aggregation of DNA-Functionalized Nanoparticles for Gene Diagnosis and 
Directed Assembly”�Ðá 30ÑÓ�µŏµ�hą�¬h�ŀįÏ�2018Ñ 9ý. [1] 

21. ¢ã uÜƠ�Development of functional nanoparticles for the detection of bacteria��2018 Fall Meeting 
of The Korean Society for Biomaterials�Ɠ¡¥�Ï�2018Ñ 10ý. [1] 

22. ºįÛ:�1X(?# DNA ����Ơŉ÷Ĵ�@Bō²�ı÷Ĵ�ŗÎƏ���rÌ1X(?
ƘİƒŁµĹń7Y9[Ň 4 Ĺńŧůh�ƇƂÏ�2018Ñ 10ý. [1] 

23. ~įī:�DNA bƁƅ�İƒƏł�	�� �öĒŖ��Ň 49  ^�ŷħ{ŧůh���Ä
Ï�2018Ñ 11ý. [4] 
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24. M. Maeda: “Small DNA Molecule as Unique Surface-Modifier Capable of Controlling Material Surface 
Interaction”, The 19th RIES-Hokudai International Symposium, Sapporo, Dec. (2018). [1] 

25. R. Wannapob: “Development of Electrochemical Sensors and Biosensors based on Porous Electrode 
and Conducting Polymer”�¡Ņ¬µĚe`ÌÍĎ¬µ Ň 61 ĕÍµŷîŰģh�ľÈķ�`
ÌÏ�2019Ñ 8ý. [4] 

26. ƄÇĶđ:�žjħıĴ� DNAƅƉ�;,T#��! ơ@BZF1�µŦĢ��êâ��Ň 50
  ^ž�µƊpµ�hïžŷ�ŀ´¬h ħ{ŧůh�öûf#ƈç�!yć�µ��ƇƂķ
ĆĀÏ�2019Ñ 11ý. [1] 

27. ƄÇĶđ:�5L[>�řĂ#é��� DNA sƕIT6OY@Bō²��Ň 50   ^ž�µƊ
pµ�hïžŷ�ŀ´¬h ħ{ŧůh�1X(?	Ù!řĂ�]İ��ƇƂķĆĀÏ�2019
Ñ 11ý. [4] 

28. Âň\á:�R[/W@�¹ƃĴŸ�ťć���ÝĮƛŸ�Ť¿� �><I:)Y&IX[;
ƛ��R[/W@ĹńhŇƞƟ ĹńƏh�¬ƋÏ�2019Ñ 11ý. [1] 

29. M. Maeda: “Double-Stranded DNA-Carrying Nanoparticles for Chemical and Biomedical Sensing”, 
16th Pacific Polymer Conference, Suntec City, Singapore, Dec. (2019). [4] 

30. M. Maeda: “DNA Conjugates for Reliable Genotyping”, Trace Analysis and Biosensor International 
Symposium I, Hat Yai, Thailand, Feb. (2020). [4] 

31. S. Chuaychob: “Colorimetric Thrombin Sensor using DNA Aptamer-modified Gold Nanoparticles”�ø
Ā�µh Ň 100ú´Ñh��śķƂįÏ�2020Ñ 3ý [4] 

 
(5) Patent applicationsƙ Research Category in [ ] ƚ 
 

N/A 
 
 (6) Collaborations including both inside and outside projectƙ Research Category in [ ] ƚ 
 
1. ~įī�Ĩ¡à�Ã¥Žęƙ�Ġź¬µƚƠƄ@BĂô�ďŶťć [1] 
2. ~įī�Ĩ¡à�Yadong YinƙUniversity of California, RiversideƚƠƄ@BĂô��á [1] 
3. ~įī�ºįÛ�¼ă\ƙądĪŁ¬µƚƠ@Bō²Ə�l�ďŶťć [1] 
4. ~įī�ºįÛ��^Êƙ�Ë¬µƚƠƗy²M7V�ĒŖūo [1, 4] 
5. ~įī�ºįÛ�ċŘ¡ƙ^¡ĠĜ¬µƚƠDNA�ĥ�µĴ·¹Þ�ĪůaĢ [1] 
6. ~įī�Ô�qƙß±¬µƚƠ@Bō²Ə�l�ďŶťć [4] 
7. ~įī�ÁËò�ƙß±¬µƚƠĒŖÞĊƀ�y²ũŦ [4] 
8. ~įī�kŝƖĈƙøĀ¯²¬µƚƠDNAsƕ@Bō²�ĦÞūo [4, 1] 
9. ~įī�ºįÛ�ŀÇ°��ŚĘùØƙądĪŁ¬µƚƠDNAţ�ÞŜĦ�ČxĚ [4] 
 
(7) Hosted seminars and symposiums�
 
1. �ĦŴƍÆ�ĪĹń�Ň 1 úþĹńh�ÚĖ©Ï�2017Ñ 5ý 12-13ø. 
2. rÌ1X(?ƘİƒŁµĹń7Y9[Ň 4  Ĺńŧůh�r¬ƛĪĹħ{7<3SY��ƇƂ
Ï�2018Ñ 10ý 27ø. 

3. �Ɣ� 3D IUY9�ƈĳ��Ĕð ŭ �ªƙądƑĒ¬µĪÍµžĬ�ĪÍµŏ� wñìƚ�
2019Ñ 11ý 21ø. 

4. “Strategies of Immobilizing Cells in Whole-Cell Microbial Biosensor Devices”, Ms. Nadine Lobsiger 
(Department of Chemistry and Applied Biosciences, ETH Zürich, Switzerland), 2019Ñ 12ý 20ø. 

5. 2019 ÑÓ�ĦŴƍÆ�ĪĹń�Ƙ�J=XİƒĹń�Ĺń¨�h��vÏ�2020 Ñ 2 ý 4-5
ø. 

 
(8) Awards and honors 
 
1. G. Wang: “Excellent Poster Prize Award”, 13th IUPAC International Conference on Novel Materials 

and their Synthesis (NMS-XIII), Nanjing, China, October 15-20 (2017). 
2. S. Chuaychob, M. Fujita, and M. Maeda:�Ň 40 øĀD(+L=U&VµhuĿĹńK59[ų��
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øĀD(+L=U&Vµh�2018Ñ 11ý 13ø. 
3. ¢ãuÜƠ�2018ÑÓö]Őöeų��øĀyć�µhƊąïž�2019Ñ 1ý 8ø. 
4. m�Ơ�Ň 68 Ɨy²µhÑē¬h uĿK59[ų��Ɨy²µh�2019Ñ 5ý 31ø. 
5. S. Chuaychob: “RIKEN Summer School 2019 Poster Award: Chemistry Prize & Special Prize for Most 

Inclusive Presentation”, RIKEN, 2019Ñ 10ý 8ø. 
6. S. Chuaychob: “Trace Analysis and Biosensor International Symposium I: Best Poster Presentation”, 

Center of Excellence for Trace Analysis and Biosensor, Prince of Songkla University, Thailand, 2020Ñ
2ý 11ø. 

 
(9) Press releases 
 
1. øŒĭĎöŕ��ö��ä	$�tŠĦŴ ř�«��Ō�íő��2018Ñ 9ý 28ø. 
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Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
Phone number 
Email 

Yoshitsugu Shiro 
Professor 
University of Hyogo, Graduate School of Life Science, 
Cellular Regulation Laboratory 
3-2-1 Kouto, Kamigori, Ako-gun, Hyogo 678-1297, 
JAPAN 
+81-(0)791-58-0325 
yshiro@sci.u-hyogo.ac.jp 

Education 1980-1985  Graduate School of Engineering, Kyoto University 
1976-1980  Kyoto University, Faculty of Engineering, Department of 

Hydrocarbon Chemistry 
Degrees Dr. Eng. (1985) Kyoto University 

M. Eng. (1982) Kyoto University 
B. Eng. (1980) Kyoto University 

Employment/research 
experience 

2015-  Professor, Cellular Regulation Laboratory, University of Hyogo 
2000-2015  Chief Scientist, RIKEN SPring-8 Center 
1993-2000  Senior Research Scientist, RIKEN 
1987-1993  Research Scientist, RIKEN 
1985-1987  Postdoctral Fellowship of JSPS 
 
Additional post 
2016-2018  Visiting Professor, Institute for Materials Chemistry and 

Engineering, Kyusyu University 
2006-2014  Professor, Joint Program of Graduate School of Science, Osaka 

University 
2007-  Professor, Joint Program of Graduate School of Science, Nagoya 

University 
2005-2007  Professor, Joint Program of Graduate School of Science, Kyoto 

University 
2000-  Visiting Professor, Institute of Multidisciplinary Research on 

Advanced Materials, Tohoku University 
1999-2015  Professor, Joint Program of Graduate School of Science, 

University of Hyogo 
1991-1992  Visiting Scholar, Department of Chemistry, Stanford University, 

California, USA 
Awards and honors Japan Society for Coordination Chemistry, Contribution Award (2019) 

  
Academic activities Member; Chemical Society of Japan 

Member; The Japanese Biochemical Society 
Member; The Biophysical Society of Japan 
Member; Protein Science Society of Japan 
Local Program Committee of “The 11th International Conference on X-ray 
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Absorption Fine Structure (XAFS IX)” (2000) 
Local Steering Committee of “The 8th International Conference on Biology 
and Synchrotron Radiation (BSR2004)” (2004) 
Chair of Program Committee of “14th International Conference on Biological 
Inorganic Chemistry (ICBIC14)” (2009) 
Board member of Protein Science Society of Japan (2009 - 14, 16-17) 
Organizing Committee of “16th International Conference on Cytochrome 
P450” (2009) 
Chair of Organizing Committee of “50th Anniversary Symposium on 
Cytochrome P450 in Fukuoka” (2012) 
Member of Organizing Committee of “16th International Conference on 
Cytochrome P450” (2014) 
Member of Organizing Committee of “12th International Conference on 
Cytochrome P450; Biodiversity & Biotechnology” (2015) 
Vice President of Protein Science Society of Japan (2018 - 20) 
Co-chair of 19th Annual Meeting of Protein Science Society of Japan (Joint 
Conference with Japan Society of Cell Biology) (2019) 
Co-chair of 11th Asian Biological Inorganic Chemistry Conference 
(AsBIC-11) (2022)    
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(1) Participants 
Yoshitsugu ShiroǊ½� Ñ¸ǋ  ĉĄ 
Kazumasa MuramotoǊęĖ� µ�ǋ �ĉĄ 
Hitomi SawaiǊĻv� zųǋ  �ĉ 
Yasuhiro Koteishi ǊÚÿřĮêǋ ŀ~�ĉ 
Takashi NomuraǊưę� ǈóǋ ŀ~�ĉ 
Yudai NishitaniǊƋƗ� ƼÅǋ ǂã¢Śš· 
Chai Gopalasingam   ǂã¢Śš·  
Michiyo TakaharaǊǈ§� ĉ}ǋ ǂã¢Śš·  
Minoru KuboǊr�� Šǋ ĉĄǊŉ�ĿƝģƥ�ŚšÓǋ  
Hiro NakamuraǊqę� ÖÆǋ ×~Śš· ǊBDRHmU>ƝħŸnģƥŚšJoaǋ 
Tamao HisanoǊrư� ŅƼǋ ×~Śš· ǊBDRHmU>ƝħŸnģƥŚšJoaǋ 
Hiroshi SugimotoǊĘĖ� Ïǋ ×~Śš· ǊRSCŉ´ŧĈØ��ŊCELaƶőJoaǋ 
Takehiko ToshaǊŏŽ� ĩíǋ ×~Śš·ǊRSCŉ´ŧĈØ��ŊCELaƶőJoaǋ 
 
(2) Original papersǊResearch Category in [ ]ǋ 
1. E. Terasaka, K. Yamada, P.-H. Wang, K. Hosokawa, R. Yamagiwa, K. Matsumoto, S. Ishii, T. Mori, K. 

Yagi, H. Sawai, H. Arai, H. Sugimoto, Y. Sugita, Y. Shiro, T. Tosha: “Dynamics of Nitric Oxide 
Controlled by Protein Complex in Bacterial System” Proc. Natl. Acad. Sci. USA 114, 9888-9893 (2017) 
[1] 

2. T. Tosha, T. Nomura, T. Nishida, N. Saeki, K. Okubayashi, R. Yamagiwa, M. Sugahara, T. Nakane, K. 
Yamashita, K. Hirata, G. Ueno, T. Kimura, T. Hisano, K. Muramoto, H. Sawai, H. Takeda, E. Mizohata, 
A. Yamashita, Y. Kanematsu, Y. Takano, E. Nango, R. Tanaka, O. Nureki, Y. Ikemoto, H. Murakami, 
S. Owada, K. Tono, M. Yabashi, M. Yamamoto, H. Ago, S. Iwata, H. Sugimoto, Y. Shiro, M. Kubo: 
“Capturing an Initial Intermediate during Enzymatic Reaction of P450nor using Time-Resolved XFEL 
Crystallography and Caged-Substrate” Nat. Commun. 8, 1585 (2017) [2] 

3. Y. Naoe, N. Nakamura, Md. M. Rahman, T. Tosha, S. Nagatoishi, K. Tsumoto, Y. Shiro, H. Sugimoto: 
“Structural Basis for the Capture and Transfer of Heme by Periplasmic Heme-Binding Proteins in a 
Bacterial Heme-Acquisition System” PROTEINS: Structure, Function and Bioinformatics 85, 2217- 
2230 (2017) [1] 

4. H. Uehara, Y. Shisaka, T. Nishimura, H. Sugimoto, Y. Shiro, Y. Miyake, H. Shinokubo, Y. Watanabe, 
O. Shoji: “Structure of the Heme Acquisition Protein HasA with Iron(III)-5, 15-Diphenyl-Porphyrin and 
Derivatives Thereof as an Artificial Prosthetic Group” Angew. Chem. Int. Ed. 56, 1-6 (2017) [1] 

5. K. Oohora, H. Meichin, Y. Kihira, H. Sugimoto, Y. Shiro, T. Hayashi: “A Manganese(V) Porphycene 
Complex Responsible for Inert C–H Bond Hydroxylation in Myoglobin Matrix” J. Am. Chem. Soc. 139, 
18461-18463 (2017) DOI: 10.1021/jacs.7b11288 [1] 

6. N. Gonska, D. R. Young, R. Yuki, T. Okamoto, T. Hisano, S. V. Antonyuk, S. S. Hasnain, K. 
Muramoto, Y. Shiro, T. Tosha, P. Ädelroth: “Characterization of the Quinol-dependent Nitric Oxide 
Reductase from the Pathogen Neisseria meningitidis, an Electrogenic Enzyme.” Sci. Rep. 8, 3637 
(2018) DOI: 10.1038/s41598-018-21804-0 [4, 1] 

7. R. Yamagiwa, T. Kurahashi, M. Takeda, M. Adachi, H. Nakamura, H. Arai, Y. Shiro, H. Sawai, T. 
Tosha: “Pseudomonas aeruginosa Overexpression System of Nitric Oxide Reductase for in vivo and in 
vitro Mutational Analyses” Biochim. Biophys. Acta Bioenergetics 1859, 333-341 (2018) DOI: 
10.1016/j.bbabio.2018.02.009 [4] 

8. R. Makino, Y. Obata, M. Tsubaki, T. Iizuka, Y. Hamajima, Y. Kato-Yamada, K. Mashima, Y. Shiro: 
“Mechanistic Insights into the Activation of Soluble Guanylate Cyclase by Carbon Monoxide: A 
Multi-Step Mechanism Proposed for the BAY 41-2272-Induced Formation of 5-Coordinate CO‒Heme” 
Biochemistry 57, 1620–1631 (2018) DOI: 10.1021/acs.biochem.7b01240 [1] 

9. G. S. A. Wright, A. Saeki, T. Hikima, Y. Nishizono, T. Hisano, M. Kamaya, K. Nukina, H. Nishitani, H. 
Nakamura, M. Yamamoto, S. V. Antonyuk, S. S. Hasnain, Y. Shiro, H. Sawai: “Architecture of the 
Complete Oxygen-Sensing FixL-FixJ Two-Component Signal Transduction System”” Sci. Signal. 11, 
aaq0825 (2018) DOI: 10.1126/scisignal.aaq0825 [1] 
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10. M. Ganasen, H. Togashi, H. Takeda, H. Asakura, T. Tosha, K. Yamashita, K. Hirata, Y. Nariai, T. 
Urano, X. Yuan, I. Hamza, G. A. Mauk, Y. Shiro, H. Sugimoto, H. Sawai: “Structural Basis for 
Promotion of Duodenal Iron Absorption by Enteric Ferric Reductase with Ascorbate” Commun. Biol. 1: 
120 (2018)  DOI: 10.1038/s42003-018-0121-8 [4] 

11. M. Kato, S. Nakagawa, T. Tosha, Y. Shiro, Y. Masuda, K. Nakata, I. Yagi: “Surface-Enhanced Infrared 
Absorption Spectroscopy of Bacterial Nitric Oxide Reductase under Electrochemical Control Using 
Vibrational Probe of Carbon Monoxide” J. Phys. Chem. Lett. 9, 5196-5200 (2018) DOI: 
10.1021/acs.jpclett.8b02581 [4, 1] 

12. Y. Furukawa, C. T. Lim, T. Tosha, S. Akiyama, S. Watanabe, K. Nakagome, Y. Shiro: “Identification 
of a Novel Zinc-binding Protein, C1orf123, as an Interactor with a Heavy Metal-associated Domain” 
PLoS One 13, e020435 (2018) DOI: 10.1371/journal.pone.0204355 [1]  

13.  S. Yanagisawa, K. Kayama, M. Hara, H. Sugimoto, Y. Shiro, T. Ogura: “UV-Raman Characterization 
of a Substrate Tryptophan Bound to Human Indoleamine 2,3-Dioxygenase 1” Biophys. J. 117, 706-716 
(2019) [1] 

14.  C. Gopalasingam, G. Chiduza, T. Tosha, M. Yamamoto, Y. Shiro, S. V. Antonyuk, S. Muench, S. S. 
Hasnain: “Structure of Quinol-dependent Nitric Oxide Reductase from Alcaligenes xylosoxidans by 
Cryo-electron microscopy” Sci. Adv. 5 eaax1803 (2019) [4] 

15.  K. Tamura, H. Sugimoto, Y. Shiro, Y. Sugita: “Chemomechanical Coupling in the Transport Cycle of a 
Type II ABC Transporter” J. Phys. Chem. B 123, 7270-7281 (2019) [4] 

16. Y. Shisaka, Y. Iwai, S. Yamada, H. Uehara, T. Tosha, H. Sugimoto, Y. Shiro, J. K. Stanfield, K. Ogawa, 
Y. Watanabe, O. Shoji: “Hijacking the haem acquisition system of Pseudomonas aeruginosa for 
antimicrobial delivery” ACS Chemical Biology 14,1637-1642 (2019) [1] 

17.  K. Yoshitani, E. Ishii, K. Taniguchi, H. Sugimoto, Y. Shiro, Y. Akiyama, A. Kato, R. Utsumi, Y. 
Eguchi: "Identification of an internal cavity in the PhoQ sensor domain for PhoQ activity and 
SafA-mediated control." Biosci. Biotechnol. Biochem. 83, 684 (2019) [1] 

18.  J. K. Stanfield, K. Omura, A. Matsumoto, C. Kasai, H. Sugimoto, Y. Shiro, Y. Watanabe, O. Shoji: 
"Crystals in minutes: instant on-site microcrystallisation of various flavours of the CYP102A1 
(P450BM3) haem domain." Angew. Chem. Int. Ed. Engl. 59, 2-10 (2020) [1] 

19.  M. A. M. Jamali, C. C. Gopalasingam, R. M. Johnson, T. Tosha, K. Muramoto, S. P. Muench, S. V. 
Antonyuk, Y. Shiro, S. S. Hasnain: “Active form of quinol-dependent Nitric Oxide Reductases (qNOR) 
from Neisseria meningitidis is a dimer” IUCr J. (2020) in press [4]   

20. H. Takeda, T. Kimura, T. Nomura, A. Yokota, A. Matsubayashi, S. Ishii, T. Tosha, Y. Shiro, M. Kubo: 
“Timing of NO binding and Protonation in Catalytic Reaction of Bacterial Nitric Oxide Reductase 
Proved by Time-Resolved Spectroscopic System” Bull. Chem. Soc. Japan (2020) in press [2] 

 
(3) Reviews and booksǊResearch Category in [ ]ǋ 
1.  ĘĖÏ�T>Lh4"�/\a#Ńð ơƣ#ģƥŉĿÍ�ċĖŭďÍ�ƒ 59, 166-173 

(2017) [1] 
2.  H. Sawai, Y. Shiro: “Haem-based Sensors of Dioxygen” Chapter 3 of RSC Metallobiology Series No. 

11, Gas Sensing in Cells, Edited by S. Aono, The Royal Society of Chemistry, 2017, pp. 47-83 [1] 
3.  ½� Ñ¸Ǔ�ŉ�ƱÝ¡ø#ģƥI6P`>E�ŀƽ�ŉ��ƱÝ#¡øƏČ �#�ñǓ�

Ë�-Ūŷ�Żæ(��ŉ£Í�90�pp. 263-271 (2018) ǊűƓǋ[1, 2, 4] 
4.  ĘĖÏ, ½Ñ¸�\aơƣ�#ţ�ģƥ ¿Ɲơƣb:QFa�ŉĿĿŇ 335, 5-8 (2018) [4, 1] 
5. ��ƂË�ĻvzųǓ “ƮŨ2÷ŗ�/ FixL-FixJ tû�C?Pi�ƨŧ#���” A68m

EC?Phm?"Ơ��ċĖyŚšŵ (Japanese Scientists in Science Signaling) pp. 12-13 (2019)
ǊƏƓǋ[1] 

6. ŏŽĩíǓ“ƭŨHmU>ƝƊ°�ìû",/ ńœ!Ūŷ�Ʀů£Í¨ô”� M5WDfmn
NXK>EǊŉ�ħŸƸƦ£ÍnT69L>ǋ£Í âĢ�2018å 6Ē® p497ǊƏƓǋ[1, 4] 

7. T. Tosha and Y. Shiro : “Structure and Function of Membrane-bound Bacterial Nitric Oxide Reductases” 
in Dioxygen-dependent Heme Enzymes (Royal Society of Chemistry Metallobiology Series No. 13), M. 
Ikeda-Saito and E. Raven Ed., 2019, p334-350ǊƄĐǋ[1, 2, 4] 

8. T. Tosha and M. Kubo: “Observation of enzymatic reaction by time-resolved X-ray crystallography 
using photosensitive caged substrate” SPring-8/SACLA Research Frontiers 2018, in pressǊƏƓǋ[2] 
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9.  H. Sawai, Y. Shiro: “Missing Piece of Two-Component Signal Transduction Systems Unveiled by 
SEC-SAXS” SPring-8/SACLA Research Frontiers 2018, Japan Synchrotron Radiation Research 
Institute (JASRI), 15-16, (2019) [1] 

10.  T. Tosha, M. Kubo: “Observation of Enzymatic Reactions by Time-resolved X-ray Crystallography 
Using Photosensitive Caged Substrate” SPring-8/SACLA Research Frontiers 2018, Japan Synchrotron 
Radiation Research Institute (JASRI), 28-29, (2019) [2] 

11. M. Suga, A. Shimada, F. Akita, J.R. Shen. T. Tosha, H. Sugimoto: “Time-Resolved Studies of 
Metalloproteins Using X-ray Free Electron Laser Radiation at SACLA” Biochim. Biophys. Acta – 
General Subjects, 1864, 129466 (2020) [2] 

12. ŏŽĩíǌr�ŠǓ“SACLA2�Ŋ��ƭŨ¨ô#¬ƍ£� (Visualization of Enzymatic Reactions 
Using SACLA)” ŉĿĿŇ (SEIBUTSU BUTSURI), 59, 205-207 (2019) [2] 

 
(4) Invited presentationsǊResearch Category in [ ] ǋ 
1. Shiro, Y.: “Structural Basis fro Molecular Mechanism of Bacterial Nitric Oxide Reductases” Intl. Conf. 

Physics of Life, Nagoya, Mar. 25-26 (2017) [2] 
2. G. S. A. Wright, A. Saeki, T. Hikima, Y. Nishizono, T. Hisano, M. Yamamoto, S. V. Antonyuk, S. S. 

Hasnain, Y. Shiro, H. Sawai: “Inter- and inter-molecular signal transduction mechanisms in a complete 
oxygen sensing system.” ť 17 ¹ċĖƆŒƝşÍ�å� lo>CfK[ “Protein Science in 
Oxygen Sensing”�2017å 6Ē 20ċ�| [1] 

3. ĘĖÏ�ŭďģƥ�-Č-�"!��Ő§ƃ\aNgmE_oHo#�Ëb:QFa�ťǏǑ
¹ċĖƆŒƝşÍ�å�lo>CfK[Ǔŉ��#ƱÝ¡øǓStructural Dynamics of Metals in 
Biology�2017å 6Ē 22ċ�| [1] 

4. qęÖÆ�\a$Ğǅ�
/��Ī�+
/Ǔ\a2ƏĪ�/Ő§ƃ#\aą�_m[#ħŸ
 ģƥ�ťǏǐ¹NgmE_oHoŚš��2107å 7Ē 8-9ċ�| [1] 

5. ½Ñ �̧Ūŷ��#pƮ£ŢŨ#¡ø NO Dynamics in Cellular System�ť 55¹ċĖŉĿĿŇÍ
�å�Cm_D7aǓÒǇ ŇƔƐŦ�Č-�"!����ŪŷňÁ�#ƆŒƝƷŕu�Ŋ�

2017å 9Ē 19ċ�ľĖ [2] 
6. ŏŽĩí�X ŲżŌǀËjoBo2Ŋ��ĎƷ�ƏŭďģƥƏĜǓƭŨ¨ô'#ôŊ�ť 55

¹ċĖŉĿĿŇÍ�å�ǓƱÝƭŨ#¨ôħģ2ŇƏ�/�*#ÄĤ!ŉĿĽħ£Íœ4[k

oJ�2017å 9Ē 19ċ�ľĖ [2] 
7. ĘĖÏ�Ő§ƃ#\aơƣHmU>Ɲ#ţ�ģƥ ħŸ�ť 41 ¹ċĖƳT69A68mEÍ

�Íƈƽ��2017å 9Ē 23ċ�ěx [1] 
8. Shiro, Y.: “Characterization of Coordination and Electronic Structures of Intermediates Appeared in 

NO Reduction by NO Reductases” 5th Ringberg Workshop on Structural Biology with FELs, Munchen, 
Germany, Feb. 4 - 7 (2018) [2] 

9. Tosha, T., Kubo, M.: “Time-resolved XFEL crystallography and in crystallo spectroscopy for probing 
reaction dynamics of respiratory metalloenzymes.” 5th Annual BioXFEL International Conference, 
February 13, 2018, New Orleans, USA [2] 

10. ŏŽĩí�XŲżŌǀËjoBo2Ŋ��ĎƷ�ƏŭďģƥƏĜ",/ƭŨ¨ô#ƢƟ�ċĖ
£Í�ť 98 čÌå�ŀ��ōǓÍƻœ4[koJ",/ŉ´ƱÝ¡ø#ƏČ �ŉ´ƱÝş
Í�'#Üƶ�2018å 3Ē 23ċ�žĦ [2] 

11. H. Sugimoto, “Structural Basis of the ABC Heme Transporter in Iron Uptake System of Pathogenic 
Bacteria” 7th FEBS Special Meeting on ABC Proteins - ABC2018, Innsbruck, Austria, March 6-11 
(2018) [4] 

12. Shiro, Y.: “Coordination and Electronic Structures of Short-Lived Intermediate of Heme-Containing 
NO Reductases” 233rd ECS Meeting, Seattle, USA, May 13-17 (2018) [2, 4] 

13. ĻvzųǓ“VN#Ƴ³©"Ƹ1/źƚƤ¼ƳƩ�ƭŨ#ţ�ģƥ"¿��ŉ��Ūŷ�#ħ
ŸƏĜ” ť 18¹ċĖƆŒƝşÍ�å� lo>CfK[�ƱÝ69m HmU>Ɲ: �#Õć
!Ƹ��śŰ�/ ���ėǉbKGǊĊĺǋ�2018å 6Ē 28ċ [4] 

14. ½� Ñ¸Ǔ“ĎƷ��ķÐĭ",/pƮ£ŢŨƩ�¨ô#�ËħģƏČ” ť 18¹ċĖƆŒƝş
Í�å� lo>CfK[�ǈ�ƏŸn¡œģƥƏĜ",��Č-�"!.��
/ŉ�8R
i=o}Ɩŧ#{ū)��ėǉbKGǊĊĺǋ�2018å 6Ē 28ċ [2, 4] 

15. ŏŽĩíǓ“�Əƿõ¿Ɲ2�Ŋ��ĎƷ�Ə XŲŭďģƥƏĜ",/ƭŨ¨ô#ƢƟ” ť 18
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¹ċĖƆŒƝşÍ�å�lo>CfK[�SACLA #�ŤĀƈ�+�-�ģƥŉĿÍŚš#Z
jo>Eio��ėǉbKGǊĊĺǋ�2018å 6Ē 26ċ [2] 

16. Shiro, Y.: “Coordination and Electronic Structures of Short-Lived Intermediate in Heme-Containing 
NO Reductases” “Chemistry and Biology of Tetrapyrroles” Gordon Research Conference, Newport, 
USA, July 15-20 (2018) [2, 1] 

17. ĻvzųǓ“SEC-SAXS ĭ2Ŋ�/� �ƏČ���ƮŨGmAoHmU>ƝCELa
FixL/FixJ#��� C?Pi�ƨħģ” ÅƹÅÍƆŒƝŚšþG`PoǎSPring-8�Ť�ŊĀ
ƈlo>CfK[�ťǐ¹ SPring-8"�/ƆŒƝģƥŉĿÍŚš#ņŁ ÙĚ��ÅƹÅÍ�
2018å 8Ē 10ċ [1] 

18. ŏŽĩíǓ”SACLA 2�Ŋ��ĎƷ�ƏģƥƏĜ",/ƭŨ¨ô#Ǝķ”� ĊÍƈǃ¾�q�
ËüŎ���ËÇƾ£Í�Df6mNCm_D7ať 21 ¹ŉ´£ÍŚš�� ÅƹÅÍ� 2018
å 9Ē 8ċ [2] 

19. H. Sugimoto “Structure Analysis of Radiation-Sensitive NO-bound State of Cytochrome P450nor Using 
XFEL at SACLA” 10th International Workshop on X-ray Radiation Damage to Biological Samples, 
Upton, USA, September 13-14 (2018) [2] 

20. ŏŽĩíǓ“ŉ�CELa�+� ńœ!pƮ£ŢŨ�Əħģ” ǊāîƕĹǋ� ŞŋÅÍŇâ
Íƫŉ´şÍ@oEŀ�ƕĹ�� ŞŋÅÍÿì<cmUE� 2018å 9Ē 14ċ [1, 4] 

21. ŏŽĩíǓ”Mechanism of Biological Nitric Oxide Reduction” äû 30åè£ÍŧÍ¥�ě¤Å��
ŞŋÅÍÿì<cmUE� 2018å 9Ē 15ċ [2, 4] 

22. ŏŽĩíǓ”ŹŢ")-0/ƱÝHmU>ƝƊ°�",/ ńœ!Ʀů£Í¨ô” ť 56¹ċĖ
ŉĿĿŇÍ�å�� ßÞÅÍ� 2018å 9Ē 16ċ [2, 4] 

23. ½� Ñ¸Ǔ”Bacterial Nitric Oxide Reductases: Reaction Mechanism and Molecular Evolution” ť 56
¹ċĖŉĿĿŇÍ�å�� Symposium “Developments and Future of Picobiology” ßÞÅÍ�
2018å 9Ē 16ċ [2, 4] 

24. ½� Ñ¸Ǔ“�ŉ´ƱÝşÍ��ư#�û”� ƴ�£Íƀÿ#�Ã#Íğ 2018� 4dSjo>A
6O^LiǊĸƛǋ�2018å 9Ē 22ċ [1, 2, 4] 

25. ĻvzųǓ“VN#Ƴ³©ħģ2�źHmU>Ɲ� �ŉ��Ūŷ�#Śš",.ŕu"ŇƏ
�/” ť 91¹ċĖŉ£Í�å� lo>CfK[�ŉ�ƱÝ# Magical Power �#Śšđ�
Ų��xƬºƻ�ǆǊxƬǋ�2018å 9Ē 26ċ [4, 1] 

26. T. Tosha “Regulation of nitric oxide dynamics in microbial denitrification” The International 
Symposium on Bioinorganic Chemistry 2018, Okazaki, Japan December 1, 2018 [1, 4] 

27. Takeda, H., Nomura T., Tosha, T., Sugimoto, H., Kubo, M., Shiro, Y.: “Characterization of Sort-Lived 
Reaction Intermediates of Nitric Oxide Reductases by Time-Resolved Techniques” 9th Asian Biological 
Inorganic Chemistry (AsBIC-9), Natl. Univ. Singapore, December 12, 2018 [2, 4] 

28. T. Tosha, E. Terasaka, K. Yamada, P.-H. Wang, H. Arai, H. Sugimoto, Y. Sugita and Y. Shiro “Nitric 
Oxide Dynamics Controlled by Formation of Protein Complex in Denitrification” 9th Asian Biological 
Inorganic Chemistry Conference (AsBIC9), Singapore, December 12, 2018 [1, 4] 

29. ĻvzųǓ“�Ƴ�#T69A68mE” ť 29¹ ST>gZ��%�3&/Ǌ�éǋ�2019å 1
Ē 28ċ [4, 1] 

30. Y. Shiro: “Dynamics of Nitric Oxide in Bacterial Cellular Systems: NO Generation and Decomposition” 
Japan-BIOCEV Symposium: Macromolecules; Structure, Function and Beyond, Prague, Czech, Apr. 23 
(2019) [1, 2] 

31. T. Tosha “Elucidation of NO Reduction Mechanism in Soluble NO Reductase by Time-Resolved 
Crystallography with Photosensitive Caged Compound” 32nd European Crystallographic Meeting 
(ECM32), Vienna, Austria, Aug. 18-23 (2019) [1, 2] 

32. Y. Shiro: “Dynamics of Nitric Oxide in Cellular Systems: NO Generation and Decomposition” 
Korea-Taiwan-Japan Bioinorganic Chemistry Symposium 2019 (KTJ-BICS 2019), Taichung, Taiwan 
Nov. 12 -14 (2019) [1, 2] 

33. Ļvzų�Ő§ƃ#ƳŃðCELa�ħŸ�/\aGmAoƆŒƝ#ÄħŸõ �#ģƥœħ
ç�� ť 19¹ċĖƆŒƝşÍ�å�ǎť 71¹ċĖŪŷŉĿÍ�Å�°±åĨÅ�� lo>C
fK[�ŉ´ƱÝ HmU>Ɲ",/ŪŷħŸ#¥Éœ�ñ�� 2019å 6Ē 24ċ�Ŝý [1] 

34. Ļvzų�§Ë�-Ūŷj]i#Śš",/Ƴ69m#³©b:QFa#ŇƏ ē !ƳĞǅ
ë£Ǆ¶û�#Ćũ�� ť 92¹ċĖŉ£Í�Å�� Cm_D7a�ŉ��"�/ Singularity 
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Elements ��#ŉ�ƱÝ#�Ŋ �ñ�� 2019å 9Ē 18ċ�ĥĲ [1] 
35. ½� Ñ¸��Ëģƥ2¿Ŕ"��\aHmU>Ɲ#ħŸƏČ	ŉ´ƱÝşÍ'#Üƶ2*��
�	�� ƴ�£Í�ť 69¹ƑƔ�� ƘłƜªƜƕĹ� 2019å 9Ē 22ċ�²«Û 

36. ½� Ñ¸ “Molecular Mechanism of NO Reduction by Nitric Oxide Reductase in Cellular System”�
ť 57 ¹ċĖŉĿĿŇÍ�å�� Cm_D7a�\aƆŒƝ#ħŸ2¯/ģƥnI6P`>E
 8Ri=oıǓÒǇ ŇƔ�� 2019å 9Ē 26ċ�Ôà [1, 2] 

37. ŏŽĩí�ÒǇ ŇƔƐŦ�Ə�Č��ŉ�CELa",/ ńœ!pƮ£ŢŨ�Əħģ��
ĿõŚŘĔŚš��ŇƔHmU>ƝĿõşÍ#đ�ŲǓŇƔ ÒǇ #Õ!¥��2020 å 2
Ē 28−29ċ�ěxÅÍĝ<cmUE [1, 2] 

 
(5) Patent applicationsǊResearch Category in [ ]ǋ 
�  
   N/A�

 
(6) Collaborations including both inside and outside projectǊResearch Category in [ ]ǋ 
1.  ½� Ñ¸Ǌ�éŖţÅǋ�ĘŋēĬǊŇŚǋ��ĕ� ĴǊŇŚǋǓNO#ŉ��¡ø#�Ë¡�Í

C`ejoCfm!-&"ǀËŁøƏĜ [2] 
2.  ½� Ñ¸Ǌ�éŖţÅǋ�ĘŋēĬǊŇŚǋ�ŋęêpǊŇŚǋǓ\aźơƣ#�Ë¡�ÍC`

ejoCfmǓ\a6m_oHo \a8>E_oHo [4] 
 
(7) Hosted seminars and symposiums�
1.  ťǏǑ¹ċĖƆŒƝşÍ�å�lo>CfK[�ŉ��#ƱÝ¡øǓStructural Dynamics of 

Metals in Biology�Ǌ9o;P6BoǓįĖĳä�½Ñ¸ǋ�2017å 6Ē 22ċ�| 
2.  �ËŚŚš��ŉ�ƱÝ¡ø�Ǌ9o;P6BoǓǁưƯ��½Ñ¸ǋ2017å 8Ē 26	27ċ�

�ËşÍŚšþ�ßà 
3. 2017åèŉ´şÍŧÍ�°±åĨÅ�ǊConBio2017ǋǌlo>CfK[�XŲżŌǀËjoB

o�ă�/HmU>ƝI6P`>EŚš#đ�Ų�Ǌ9o;P6BoǓ¦ïöŇË�r�Šǋ�

2017å 12Ē 6ċ�Ŝý 
4.  2017åèŉ´şÍŧÍ�°±åĨÅ�ǊConBio2017ǋǌlo>CfK[�ŉ�ƱÝ¡ø#�Ë

şÍǓ�ŉ´ƱÝşÍ�'#Üƶ�Ǌ9o;P6BoǓřĠĳpƪ�½Ñ¸ǋ�2017 å 12 Ē 6
ċ�Ŝý 

5. ċĖ£Í�ť 98 čÌå�� ŀ��ō�Íƻœ4[koJ",/ŉ´ƱÝ¡ø#ƏČ �ŉ´
ƱÝşÍ�'#Üƶ�Ǌ9o;P6BoǓǁưƯ��½Ñ¸ǋ2018å 3Ē 23ċ�žĦ 

6. Symposium in International Conference on Porphyrins and Phthalocyanines (ICPP)-10, “Heme 
Enzymes: Functional Mechanisms in memory of Takashi Ogura” chaired by S. Nagano and T. Tosha, 
Munich, Germany 2018å 7Ē 3ċ 

7. ť 56¹ċĖŉĿĿŇÍ�å�� Cm_D7a� “òŉĿ"�/ŉ´ƱÝ¡ø �#�Ŋ” 9
o;P6BoǓ«áſČ�ŏŽĩí� ßÞÅÍ� 2018å 9Ē 17ċǊĒǋ 

8. ť 91¹ċĖŉ£Í�å� lo>CfK[�ŉ�ƱÝ# Magical Power �#Śšđ�Ų�� 9
o;P6BoǓřĠĳpƪ�½� Ñ¸� xƬºƻ�ǆ�2018å 9Ē 26ċ 

9. Microsymposium in 15th Asian Crystallographic Association Conference (AsCA 2018), “XFELs and 
Serial Crystallography” chaired by C. Darmanin and H. Sugimoto, Auckland, New Zealand, 2018å 12
Ē 2-5ċ 

10.  ½� Ñ¸Ǌå�Ƶǋ�ť 19 ¹ċĖƆŒƝşÍ�å�ǎť 71 ¹ċĖŪŷŉĿÍ�Å�°±åĨ
Å�� 2019å 6Ē 24ċ�Ŝý 

11.  Ļvzų��ŉ´ƱÝşÍ�ALg6Nlo>CfK[�ŉ��"�/ Singularity Elements
 ��#ŉ�ƱÝ#�Ŋ �ñ�ùúŴÀÅÍ�2019å 9ĒǑċ 

12.  Ļvzų�ťǒǐ¹ċĖŉ£Í�� Cm_D7a �ŉ��"�/ Singularity Elements  �
�#ŉ�ƱÝ#�Ŋ �ñ�UCY5@ĥĲ�2019å 9Ē 18ċ 

 
(8) Awards and honors 
1. Rahman MD Mahfuzur: 2018 Student Research Achievement Award, 62nd Biophysical Society Meeting 

in San Francisco, 2018Ē 2Ē 20ċ 

－201－



2. Chai GopalasingamǓ50 years of Synchrotron Radiation in the UK and its global impact (UKSR50), 
PDBe poster prize, 2018å 6Ē 29ċ 

3. Menega GanasenǓť 18¹ċĖƆŒƝşÍ�å�� _EHoƜ� 2018å 6Ē 27ċ 
4. ĻvzųǓť 42¹ċĖƳT69A68mEÍ�� ÍƈÊ�Ɯ� 2018å 9Ē 2ċ 
5. ĩŋƁöǓť 56¹ċĖŉĿĿŇÍ�å�� ÍŉőƉƜ� 2018å 9Ē 16ċ 
6. Menega GanasenǓť 91¹ċĖŉ£Í�Å�� ƀÿ�ŝőƉƜ� 2018å 9Ē 24ċ 
7. ĩŋƁöǓ�éŖţÅ� ŗ#wıCm_D7a 2018� �ŝ_EHoƜ� 2018å 9Ē 26ċ 
8. ĩŋƁöǓRIKEN Summer School 2018, Poster Award Chemistry Prize 2018å 9Ē 28ċ 
9. ĩŋƁöǓ15th International Symposium on Applied Bioinorganic Chemistry (Èſ)� Student Award�
�NO-binding and Protonation Process in the Catalytic Reaction of Heme/non-heme Iron Nitric Oxide 
Reductase Proved by Time-Resolved Spectroscopic System�2019å 6Ē 5ċ 

10. ½� Ñ¸Ǔƴ�£Í�ƘłƜ���Ëģƥ2¿Ŕ"��\aHmU>Ɲ#ħŸƏČ	ŉ´ƱÝ
şÍ'#Üƶ2*���	�2019å 9Ē 22ċ 

 
(9) Press releases 
1. °ûƭŨ �ƏƭŨ#¥Ĺ�ƭŨHmU>ƝƊ°�ìû",/ ńœ!Ʀů£Í¨ô��[j

EhhoE�2017å 8Ē 29ċ 
 https://www.riken.jp/press/2017/20170829_1/ 
2. °ûƭŨ �ƏƭŨ�Ɗ°�2ìû� ŉ���  ńœ" NO �Ə�şÍĊŶ�2017 å 9 Ē 22

ċ 
3.  SACLA�ƭŨ¨ô#¬ƍ£2Òņ Ǎŉ���ƞ�/£Í¨ô2§Ëj]i�ƌ/Ǎ�[jE

hhoE�2017å 11Ē 17ċ 
 https://www.riken.jp/press/2017/20171117_2/ 
4.  ŉ��#ƭŨ#¡�ƏĜ Ǎ�Ŋ#ŇŚ�Ċƅƶő"ĔîǍ�ŜýĊŶ�2017å 11Ē 18ċ 
5.  ÎÐ! C-Hŭ°2ÓĶ�īƮ£��/yâƭŨ#İõb:QFa2ƏČ�ċĖŬĵĊŶ9mg

6m�2017å 12Ē 15ċ 
6. “»Âq#ƮŨļè2÷ŗ��ġĿ"ŢŨĞǅ2�Ů�/HmU>Ɲ#��ģƥ2ƏČ”  
 http://www.sci.u-hyogo.ac.jp/news/1804112hitomisawai.pdf 
 http://www.spring8.or.jp/ja/news_publications/press_release/2018/180411/ 
 https://news.liverpool.ac.uk/2018/04/11/synchrotron-science-could-give-soybeans-a-boost/ 
7. “ƙƇsƺ"Ċ�!ĂƲ: WH`mǔ�Ƴ�#³©2�Ƨ�/b:QFa2§Ëj]i�ƏČ” 
 http://www.u-hyogo.ac.jp/outline/media/press/2018/monthly/pdf/20180820.pdf 
 http://www.spring8.or.jp/ja/news_publications/press_release/2018/180820/ 
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Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
Phone number 
Email 

Yuchiro KATO 
Chief Scientist 
RIKEN Cluster for Pioneering Research 
Nanoscale Quantum Photonics Laboratory 
2-1 Hirosawa Wako Saitama 351-0198 JAPAN 
+81-(0)48-467-8152 
yuichiro.kato@riken.jp 

Education 2000-2005 Department of Physics, University of California at Santa 
Barbara, USA  

1996-2000 Department of Applied Physics, Keio University, Japan  
Degrees Ph.D. (2005) University of California at Santa Barbara 

M.A. (2003) University of California at Santa Barbara 
B.S. (2000) Keio University 

Employment/research 
experience 

2017-  Chief Scientist, Nanoscale Quantum Photonics Laboratory, 
RIKEN Cluster for Pioneering Research 

2016- Team Leader, Quantum Optoelectronics Research Team, 
RIKEN Center for Advanced Photonics  

2016-2017 Associate Chief Scientist, Nanoscale Quantum Photonics 
Laboratory, RIKEN 

2007-2016 Associate Professor, Institute of Engineering Innovation, The 
University of Tokyo 

2005-2007 Postdoctoral Scholar, Chemistry Department, Stanford 
University 

 
Additional positions 
2016- Visiting Associate Professor, The University of Tokyo 

Awards and honors Young Scientists' Prize in the Commendation for Science and Technology 
(Minister of Education, Culture, Sports, Science and Technology, Japan) 
(2009) 
Newcomb-Cleveland Prize (American Association for the Advancement of 
Science) (2005) 

Academic activities Member, American Physical Society 
Member, American Chemical Society 
Member, Optical Society of America 
Member, Japan Society for Applied Physics 
Member, The Fullerenes, Nanotubes and Graphene Research Society 
Member; Physical Society of Japan 
Member; The Japan Society of Vacuum and Surface Science 
Symposium executive committee, The Fullerenes, Nanotubes and Graphene 
Research Society (2013-) 
Program committee, International Conference on Nano-photonics and 
Nano-optoelectronics (ICNN) (2019-2020) 
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Organizer, Fundamental Optical Processes in Semiconductors (FOPS) (2019) 
Organizing committee chair, 7th Workshop on Nanotube Optics and 
Nanospectroscopy (WONTON) (2018) 
International advisory & program committee member, 8th International 
Conference on the Physics & Applications of Spin Phenomena in Solids 
(PASPS VIII) (2014) 
International advisory committee member, 7th International School and 
Conference on Spintronics and Quantum Information Technology (Spintech 
7) (2013) 
Program committee member, 6th International School and Conference on 
Spintronics and Quantum Information Technology (Spintech 6) (2011) 
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(1) Participants 
 
Yuichiro Katoô]Ù îCãõ HOÆÍh 
Wataru Terashimaô|� Jõ ÆÍh 
Daiki Yamashitaô�E tjõ ·ZÆÍh 
Nan Fangô� «õ ·ZÆÍh 
Zhen Liô¥ Õõ ·ZÆÍh 
Akihiro IshiiôÅI �cõ ·ZÆÍh 
Shunsuke Tanakaô½F ñNõ ·ZÆÍh 
Keigo Otsuka ôtp �fõ ÜiÆÍh 
Widianta Gomulya ÜiÆÍh 
Alka Sharma ÜiÆÍh 
Hidenori Machiyaô¾� É�õ ÆT» 
 

 

 
(2) Original papersôResearch Category in [ ]õ 
 
1. A. Ishii, X. He, N. F. Hartmann, H. Machiya, H. Htoon, S. K. Doorn, Y. K. Kato, “Enhanced single 

photon emission from carbon nanotube dopant states coupled to silicon microcavities”, Nano Lett. 18, 
3873 (2018). [5] 

2. W. Gomulya, H. Machiya, K. Kashiwa, T. Inoue, S. Chiashi, S. Maruyama, Y. K. Kato, “Enhanced 
Raman scattering of graphene using double resonance in silicon photonic crystal nanocavities”, Appl. 
Phys. Lett. 113, 081101 (2018). [5] 

3. T. Uda, S. Tanaka, Y. K. Kato, “Molecular screening effects on exciton-carrier interactions in 
suspended carbon nanotubes”, Appl. Phys. Lett. 113, 121105 (2018). [5] 

4. S. Tanaka, K. Otsuka, K. Kimura, A. Ishii, H. Imada, Y. Kim, Y. K. Kato, “Organic molecular tuning of 
many-body interaction energies in air-suspended carbon nanotubes”, J. Phys. Chem. C 123, 5776 (2019). 
[5] 

5. K. Otsuka, A. Ishii, Y. K. Kato, “Super-resolution fluorescence imaging of carbon nanotubes using a 
nonlinear excitonic process”, Opt. Express 27, 17463 (2019). [5] 

6. A. Ishii, H. Machiya, Y. K. Kato, “High efficiency dark-to-bright exciton conversion in carbon 
nanotubes”, Phys. Rev. X 9, 041048 (2019). [5] 

 
 
(3) Reviews and booksô Research Category in [ ] õ 
1. A. Ishii, H. Machiya, T. Uda, Y. K. Kato, “Exciton Physics in Single-Wall Carbon Nanotube Photonic 

and Optoelectronic Devices”, in Handbook of Carbon Nanomaterials edited by R. B. Weisman and J. 
Kono (World Scientific Publishing, Singapore, 2019) Vol. 9, Optical Properties of Carbon Nanotubes, 
Part I: A Volume Dedicated to the Memory of Professor Mildred S Dresselhaus, Chap. 7, p. 269-396. 
[5] 

 
(4) Invited presentationsô Research Category in [ ] õ 
1. A. Ishii, T Uda, Y. K. Kato: “Room-temperature single photon emission from micrometer-long 

air-suspended carbon nanotubes”, 233rd Electrochemical Society Meeting, Seattle, Washington, USA , 
May (2018). [5] 

2. Y. K. Kato: “Single-carbon-nanotube photonics and optoelectronics”, OSA Advanced Photonics 
Congress, Zurich, Switzerland, July (2018). [5] 

3. Y. K. Kato: “Air-suspended carbon nanotubes for nanoscale quantum photonics”, International 
Workshop on Nanocarbon Photonics and Optoelectronics (NPO2018), Savonlinna, Finland, August 
(2018). [5] 
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4. Y. K. Kato: “Single-carbon-nanotube photonics and optoelectronics”, Conference on Lasers and 
Electro-Optics (CLEO2019), San Jose, CA, USA, May (2019). [5] 

5. S. Tanaka, K. Otsuka, K. Kimura, A. Ishii, H. Imada, Y. Kim, Y. K. Kato: “Organic molecular tuning of 
many-body interaction energies in air-suspended carbon nanotubes”, 235th Electrochemical Society 
Meeting, Dallas, Texas, USA, May (2019). [5] 

6. Y. K. Kato: “Exciton Physics in Air-Suspended Carbon Nanotubes”, International Conference on the 
Science and Application of Nanotubes and Low-Dimensional Materials (NT19), Wurzburg, Germany 
July (2019). [5] 

7. A. Ishii, H. Machiya, Y. K. Kato: “High efficiency dark-to-bright exciton conversion in carbon 
nanotubes”, Fundamental Optical Processes in Semiconductors (FOPS), Banff, Canada, August (2019). 
[5] 

8. Y. K. Kato, “Exciton physics in individual carbon nanotubes”, �¤¶ºyQ 2019�ÊxtQô¶�õ�
�ìÁ�ì��2019� 9¡.[5] 

9. ]ÙîCãø �M���ó�o�S�¯Ó�¦���Ï 9l CSJ`y/�"%�¨Kå±�
�a�2019� 10¡. [5] 

10. Y. K. Kato: “Single-carbon-nanotube photonics and optoelectronics”, Optics & Photonics Taiwan, 
International Conference (OPTIC2019), Taichung City, Taiwan, December (2019). [5] 

 
 
(5) Patent applicationsô Research Category in [ ] õ 
 

N/A 
 
(6) Collaborations including both inside and outside projectô Research Category in [ ] õ 
1.  Y. K. Kato�S. K. Doorn (Los Alamos National Laboratory)øCarbon nanotube dopant states coupled to 

silicon microcavities [5] 
2.  ]Ù îCã�G� Øuô¨Ktyõø�;/�A�/�),'�Ñ��WÑd [5] 
3.  ]Ù îCã�è ¢³ôºÆõø¢¯Yw��B3A+-&9B0�¿ð [5] 
 
(7) Hosted seminars and symposiums�
1.  7th Workshop on Nanotube Optics and Nanospectroscopy (WONTON18), Hakone, Japan, July 8-12 

(2018). 
2. JSPS-DFG Bilateral Meeting on Carbon Nanotube Optics and Nanospectroscopy, Hakone, Japan, July 

8-13 (2018). 
3. ºÆ-¨Kty�B3A+-&9B05,@B� :'1�gW��2018� 11¡ 7�.  
4. Seminar, “Sub-wavelength modifications in silicon-on-insulator microring resonators for enhanced 

sensing”, Armandas Balcytis, (Ph.D. Student, Center for Micro-Photonics, Swinburne University of 
Technology, Wako, Japan, November 14 (2018). 

5. $5+B��Determination of the position of a single nuclear spin from free nuclear precessions 
detected by a solid-state quantum sensor��R�£� VLô��Òqtyº�yä¶º�n�yË
PÙÆÍ{� crÝÌõ�gW��2019� 1¡ 29�. 

6. $5+B��Fundamentals and applications of microresonator frequency combs��ÙI� Ã
 ô��Òqtyº�yäïw�yË½âÆÍ{� crÝÌõ�gW��2019� 1¡ 31�. 

7. $5+B��ò QU/�),'�Ñ�+-X�k�¼��çw*')X�kçwïÇ\y��à�
Czô¨Kty�yÐÆÍËï°Ð�y}��¤ÆÍ{� crÝÌõ�gW��2019� 2¡ 19
�. 

8. $5+B��Ô��� IgAs/GaAsçw*')�¼��bC1;#7A´�ë��ÆÍ��¹½� �
ô¨Kty�yÐÆÍËï°Ð�y}��¤ÆÍ{� crÝÌõ�gW��2019� 2¡ 19�. 

9. $5+B�“+-4��?á�¼��µ�
~�"2�)=[�� TPVÀï���¼�ë�
�ÆÍ”�Èä gÂ (¨K�¬tyº�yÆÍË¯ª[� "(6}�×§ÆÍ{ crÝÌ)�
gW��2019� 2¡ 28�. 

10. $5+B�“Lasing characteristics of nanocavity Raman silicon lasers”��E tj (tí�Îty�
yÆÍËïw¶º�yYæò®ÆÍ{crÝÌ)�gW��2019� 3¡ 13�. 
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11. Seminar, “Tuning the emission properties of (6,5) Carbon Nanotubes with Strong Coupling in Cavities, 
Doping and sp3 Functionalization”, Jana Zaumseilcr (Professor, Faculty of Chemistry & Earth 
Science, Heidelberg University, Germany), Wako, October 5 (2019). 

12. Seminar, “Low dimensional structures and devices: Semiconductor quantum dots and nanocrystals”, 
Fong Chee Faicr (Research Fellow, Nanyang Technological University, Singapore) , November 11 
(2019). 

13. Seminar, “Air-suspended, sp3-functionalized carbon nanotubes”, Nicolas Frederic Zorn, (PhD 
Student, Faculty of Chemistry & Earth Science, Heidelberg University, Germany), Wako, 
March 31 (2020). 

�

 
(8) Awards and honors 
1. ÅI�cø�Ï 10 lÆÍv^Þô©ÖÞõ��mÎÆÍêÀ²Lº`yÆÍ��2019 � 3 ¡ 12
�.  

 
(9) Press releases 
1. RIKEN research highlight, “Carbon nanotubes on holey silicon make bright source of single 

photons”, 2018� 7¡ 27�. 
https://www.riken.jp/en/news_pubs/research_news/20180727_FY20180020/ 

2. RIKEN RESARCH, “Enhanced emission of single photons realized”, p18, WINTER (2018). 
3. ºÆ1>"<<B"�� �^ßw	����^ßw��s�¯�Û�� ÷�B3A+-&

9B0�ÀW_¸eD����é÷��2019� 12¡ 6�. 
https://www.riken.jp/press/2019/20191206_1/index.html 

4. `y�¬�n��CNT�ÀW_¸eD��é��2019� 12¡ 9�. 
5. �1)?,�"�A;�A�ºÆöCNT�ÀW_¸eD��ÄÚ��2019� 12¡ 9�. 
6. Laser Focus World Japan��ºÆú �^ßw	����^ßw��s�¯�Û���2019

� 12¡ 9�. 
http://www.optronics-media.com/news/20191209/61716/ 

7. +-(�!8.A�� �^ßw	����^ßw��s�¯�Û�� ù�B3A+-&9
B0�ÀW_¸eD����éù��2019� 12¡ 20�. 
https://www.nanonet.go.jp/ntj/topics_ntj/?mode=article&article_no=4968 

8. RIKEN research highlight, “Dark excitons can make a high contribution to light emission from 
nanotubes”, 2020� 3¡ 6�. 
https://www.riken.jp/en/news_pubs/research_news/rr/20200306_2/ 
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Fujii Laboratory, Tokyo Institute of Technology�
�����	��
���

Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
 
Phone number 
Email 

Masaaki FUJII 
Professor 
Tokyo Institute of Technology 
Insititute of Innovative Research 
R1-15 4259 Nagatsuta-cho,Midori-ku, Yokohama 
226-8503 JAPAN 
+81-(0)45-924-5250 

mfujii@res.titech.ac.jp 
Education 1982-1985  Graduate School of Science, Tohoku University  

1979-1982  Tohoku University, Faculty of Science, Department of 
Chemistry 

Degrees Dr. Sci. (1987) Tohoku University 
M. Sci. (1984) Tohoku University 
B. Sci. (1982) Tohoku University 

Employment/research 
experience 

2003- Professor of Tokyo Institute of Technology 
1999-2003 Director of Laser Research Center for Molecular Science  
1997-2003 Professor of Institute for Molecular Science  
1993-1997 Associate Professor, Waseda University, Japan 
1985-1993 Research Associate, Department of Chemistry, Faculty of 

Science, Tohoku University, Japan 
 
Additional post 
1988 Visiting Scientist by US-Japan Collaboration on Solar Energy 

Transfer (Cornell University, Professor A. C. Albrecht) 
2019- Visiting Senior Researcher of RIKEN 

Awards and honors Chemical Society of Japan, Award for the Young Chemist (1992) 
Award by Yamashita Memorial Foundation for Science and Engineering 
(1992) 
Morino Foundation for Molecular Science (1996) 
Teshima Foundation Prize for the Best Research Paper for Science and 
Technology (2007) 
The New Technology Development Foundation, Ichimura Prize (2008) 
Chemical Society of Japan, Award for Creative Work (2014) 
The Spectroscopical Society of Japan Award (2015) 
Distinguished Scientist Awards of the Japan Society for Molecular Science 
(2018) 
Humboldt Research Awards (2019) 

Academic activities Member; Chemical Society of Japan 
Member; American Chemical Society 
Member; Spectroscopical Society of Japan 
Member; Japan Society for Molecular Science 
Trustée of The Spectroscopical Society of Japan (2014-2018) 
President, Japan Society for Molecular Science (2014-2016) 
Project Leader of Priority Area (477) ß2007�2012à 
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Project Leader and Coordinator in Core-to-Core Program (2010-2015) 
Vice Chairperson, Gordon Research Conference on Molecular an Ionic 
Clusters (2008) 
Chairperson, Molecular an Ionic Clusters Conference (2010) 
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(1) Participants 
Masaaki Fujii ßÁ> ��à  ��ß�wj9Wo¥`³o¯µ�à 
Shun-ichi Ishiuchiß®P I;à R��ß�wj9Wo¥`³o¯µ�à 
Mitsuhiko MiyazakißpÞ L|à U�ß�wj9Wo¥`³o¯µ�à 
Keisuke Hirataßy§ eEà  U�ß�wj9Wo¥`³o¯µ�à 
James M. Lisy   ¢B��ß�wj9³o�ÃT�¯µÙà 
Otto Dopfer   ¢B��ß�wj9³o�ÃT�¯µÙà 
Anne Zehnacker-Rentien  ¢B��ß�wj9³o�ÃT�¯µÙà 
Christophe Jouvet   ¢B��ß�wj9³o�ÃT�¯µÙà 
Sotiris S. Xantheas   ¢B��ß�wj9³o�ÃT�¯µÙà 
Mattanjah S. de Vires   ¢B��ß�wj9³o�ÃT�¯µÙà 
Yuki KonnoßAÖ ÄÎà  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Kazuya Tsurutaßr§ {à  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Keisuke Yamaguchißv] H°à JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Remina Otsukaßjf £¼là JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Kenichi Kasaiß·> Ð;à  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Tairiku Kamiyaß»Ì jÚà  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Mizuki Tabataß§¶ ��
à JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Masato Tamuraß§� t@à  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Eiko SatoßDÁ �Âà  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Takumi Negoroß�� �xà  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Sohichiroh Mitsuiß<> ¾;Ôà JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Yuta Moriß� Kk à  JhÈ´o¥ß�wj9Wo¥`³o¯µ�à 
Naoya Takedaß�§ «=à  oÕo¥ ß�wj9¥`¤woÙà 
Yoshimitu Fukuiß±> ½Nà oÕo¥ ß�wj9¥`¤woÙà 
Tatsuya Yoshinagaß_� Óaà oÕo¥ ß�wj9¥`¤woÙà 
 
 (2) Original papersßResearch Category in [ ]à 
1. T. Sekiguchi, M. Tamura, H. Oba, P. Çarçarbal, R. R. Lozada-Garcia, A. Zehnacker-Rentien, 

G. Grégoire, S. Ishiuchi, M. Fujii, “Molecular Recognition by a Short Partial Peptide of the 
Adrenergic Receptor: A Bottom-Up Approach”, Angew. Chem. Int. Ed. 57, 5626 (2018). 
(Journal Cover) [1,4] 

2. A. Bouchet, J. Klyne, S. Ishiushi, O. Dopfer, M. Fujii, A. Zehnacker-Rentien, 
“Stereochemistry-dependent structure of hydrogen-bonded protonated dimers: the case of 
1-amino-2-indanol”, Phys. Chem. Chem. Phys. 20, 12430 (2018) . [1,4] 

3. W. Y. Sohn, J. J. Kim, M. Jeon, T. Aoki, S. Ishiuchi, M. Fujii, H. Kang, “Entropic effects 
make a more tightly folded conformer of a β-amino acid less stable: UV-UV hole burning and 
IR dip spectroscopy of L-β3-homotryptophan using a laser desorption supersonic jet 
technique”, Phys. Chem. Chem. Phys. 20, 19979 (2018) . [1,2,4] 

4. M. Miyazaki, N. Washio, M. Fujii, “Electron-proton transfer mechanism of excited-state 
hydrogen transfer in phenol–(NH3)n (n = 5) studied by delayed ionization detected 
femtosecond time-resolved NIR spectroscopy”, Chem. Phys. 515, 580 (2018). [1,2,4] 

5. J. Klyne, A. Bouchet, S. Ishiuchi, M. Fujii, M. Schneider, C. Baldauf, O. Dopfer, “Probing 
chirality recognition of protonated glutamic acid dimers by gas-phase vibrational spectroscopy 
and first-principles simulations”, Phys. Chem. Chem. Phys. 20, (2018) 28452. [1,4] 

6. S. Ishiuchi, Y. Sasaki, J. M. Lisy, M. Fujii, “Ion-peptide interactions between alkali metal ions 
and a termini-protected dipeptide; Modeling a portion of the selectivity filter in K+ channels”, 
Phys. Chem. Chem. Phys. 21, 561 (2019). (Journal Cover) [1,4] 

7. M. Tamura, T. Sekiguchi, S. Ishiuchi, A. Zehnacker-Rentien, M. Fujii, “Can the Partial 
Peptide SIVSF of the β2-Adrenergic Receptor Recognize Chirality of the Epinephrine 
Neurotransmitter?” J. Phys. Chem. Lett. 10, 2470 (2019). (Journal Cover) [1,4] 

8. S. Ishiuchi, H. Wako, S. S. Xantheas, M. Fujii, “Probing the selectivity of Li+ and Na+ cations 
on noradrenaline at the molecular level”, Faraday Discuss. 217, 396 (2019). [1,4] 
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9. M. Miyazaki, K. Chatterjee, K. Hattori, R. Otsuka, S. Ishiuchi, O. Dopfer, M. Fujii, 
“Ionization-Induced π → H Site Switching in Resorcinol-Arn (n = 1 and 2) Clusters Probed by 
Infrared Spectroscopy” J. Phys. Chem. A 132, 6828 (2019). [1,2,4] 

10. S. Ishiuchi, J. Kamizori, N. Tsuji, M. Sakai, M. Miyazaki, C. Dedonder, C. Jouvet, and 
Masaaki Fujii, “Excited state hydrogen transfer dynamics in phenol–(NH3)2 studied by 
picosecond UV-near IR-UV time-resolved spectroscopy”, Phys. Chem. Chem. Phys., 22, 5740 
(2020). [1,2,4] 

11. R. Otsuka, K. Hirata, Y. Sasaki, J. M. Lisy, S. Ishiuchi, M. Fujii, “Alkali and alkaline earth 
metal ions complexes with a partial peptide of the selectivity filter in K+ channels studied by a 
cold ion trap infrared spectroscopy” ChemPhysChem in press, DOI: 10.1002/cphc.202000033 
(Journal Cover). [1,4] 

�

(3) Reviews and booksß Research Category in [ ] à 
1. M. Fujii, O. Dopfer, “Time-Resolved Study on Photo-Initiated Isomerization of Clusters”, 

Chapter 13 in “Physical Chemistry of Cold Gas-Phase Functional Molecules and Clusters” 
2019, Springer, p.367-395. [1,2,4] 

2. T. Ebata and M. Fujii (Editor), “Physical Chemistry of Cold Gas-Phase Functional Molecules 
and Clusters”, 2019, Springer. [1,2,4] 

 
(4) Invited presentationsß Research Category in [ ] à 
1. M. Fujii, “Chiral recognition in protonated molecular clusters studied by mass-coupled IR-UV double 

resonance spectroscopy with cold ion trap”, 22nd International Mass Spectrometry Conference 2018 
(IMSC2018), Fortezza da Basso, Florence, 2018 Aug, Italy (2018). [1, 4 ] 

2. M. Fujii, “Bottom-Up Approach to Biological Molecular Recognition – Electrospray-Cold Ion Trap 
Laser Spectroscopy on Binding Motif of Adrenergic Receptor”, State Key Laboratory Seminar of 
Molecular Reaction Dynamics, Dalian Institute of Chemical Physics, CAS, 2018 Nov., China (2018). 
[1,4] 

3. §�t@á��6�)7$-6:9QZ��8)3(-�����*6+48\qFÕS.-'
*ßSIVSFà94�8*×F��¬SN�SmÇË�s��No©~V��, ��SNoC¸ 14
bM¶6:!:SN"80#�1, 2019z 1� 16�, ¤¯ (2019). [1,4] 

4. ®PI;á�Æ º	�ÅSmÝ^F��¿Æ ���8)3(-SN�, ��WoC¸ 99
�nzC, ¨Yjo (2019). [1,4] 

5. M. Miyazaki, “Water migration dynamics in hydrated clusters - Real-time observation by time-resolved 
IR spectroscopy”, ��WoC¸ 99�nzC, ¨Yjo (2019). [1,2,4] 

6. M. Fujii, “Bottom-Up Approach to the Molecular Recognition of  Adrenaline Receptor by 
Electrospray-Cold Ion Trap IR Laser Spectroscopy” 10th International Conference on Advanced 
Vibrational Spectroscopy, The University of Auckland, Auckland, 2019 Jul., New Zealand (2019). [1,4] 

7. M. Fujii, “Bottom-up Approach to Molecular Recognition in Biological Systems: ESI / Cold Ion Trap 
Spectroscopy” International Symposium Frontiers in Cluster Science: Structure and Dynamics, TU 
Berlin, Berlin, 2019 Nov., Germany. [1,4] 

8. S. Ishiuchi, “Cold Ion Trap Spectroscopy for Molecular Recognition Systems”, Molecular and Ionic 
Clusters Gordon Research Conference, Ventura Beach Marriott, Ventura, CA, 2020 Jan., the U. S (2020). 
[1,4] 

 
(5) Patent applicationsß Research Category in [ ] à 
� �

� � � N/A 
 
(6) Collaborations including both inside and outside projectß Research Category in [1, 4] à 
1.  Á>���®PI;�Xu}�ß�wj¥`¤wàá��")"8��Ò�Ñi$.�)5�

¤ÉÆ¹ [1] 
2.  Á>���®PI;�O����§��ß¤¯àáSIVSF .-'*��Ò�Ñi$.�)5�

¤ÉÆ¹����Æ¹��Øª [1] 
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3.  Á>���®PI;�Sotiris Xantheas (PNNL, US [��wjWRHI) áLig�À¤G¦ 
 
(7) Hosted seminars and symposiums�
1. Tokyo Tech World Research Hub Initiatives International Workshop, “Advanced Laser Spectroscopy 

for Soft Molecular Systems”, 2018 30 Nov., Suzukakedai campus, Tokyo Institute of Technology, 
Japan (2018). 

2. Tokyo Tech World Research Hub Initiatives International Workshop, “Advanced Laser Spectroscopy 
for Soft Molecular Systems”, 2019 15 Nov., Suzukakedai campus, Tokyo Institute of Technology, 
Japan (2019). 

 
(8) Awards and honors 
1.  Á> ��á�¸ 9bSm³oCÏ��Sm³oC�2018z 9� 12�. 
2.  §� t@á�jÛ#2:+5Ï���?w�jo�2019z 6� 10�. 
3.  Á> ��á�,8/5)Ï”��6� 8&:9,�89,8/5)Íc�2019z 6� 27� 
4.  ®P I;á�¸ 4bSm³odÜoÃÏ��Sm³oC�2019z 9� 17�. 
5.  jf £¼lá�¸ 13bSm³oCK²Ê¡Ï��Sm³oC�2019z 10� 30�. 
6.  §� t@á�¸ 13bSm³oCK²0$%:Ï��Sm³oC�2019z 10� 30�. 
7.  §¶ ��
á�¸ 13bSm³oCK²0$%:Ï��Sm³oC�2019z 10� 30�. 
 
 (9) Press releases 
 
    N/A 
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Institute for Molecular Science, Yamamoto Group 
���	����
������

 

Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
Phone number 
Email 

Hiroshi, YAMAMOTO 
Professor 
Research Center of Integrative Molecular Science, 
Institute for Molecular Science, 
National Institutes of Natural Sciences 
38 Nishigounaka, Myodaiji, Okazaki, Aichi 444-8585 JAPAN 
+81-(0)564-55-7334 
yhiroshi@ims.ac.jp 
 

Education 1993-1998  Graduate School of Science, The University of Tokyo 
1991-1993  The University of Tokyo, Faculty of Science, Department of 

Chemistry 
1989-1991  The University of Tokyo, College of General Education 

Degrees Dr. Sci. (1998) The University of Tokyo 
M. Sci. (1995) The University of Tokyo 
B. Sci. (1993) The University of Tokyo 

Employment/research 
experience 

2012-  Professor, Institute for Molecular Science, National Institutes of 
Natural Sciences 

2000-2012 Research Scientist, Condensed Molecular Materials Laboratory, 
RIKEN 

1999-2000 Special Postdoctoral Researcher, Condensed Molecular Materials 
Laboratory, RIKEN 

1998-1999 Research Associate, Department of Physics, Faculty of Science, 
Gakushuin University 

 
Additional post 
2013-2019  Visiting Senior Scientist, RIKEN 
2015-2020  Visiting Professor, Tohoku University 
2012-2019  Visiting Professor, Tokyo Institute of Technology 
2016  Visiting Professor, Angers University 
2011  Visiting Professor, Renne University 1 
 

Awards and honors The NAGAI Foundation for Science � Technology Academic award(2020) 
Chemical Society of Japan Academic award� (2019) 
Japan Society for the Promotion of Science, Grants-in-Aid for Scientific 
judging committee award�  (2016) 
RIKEN Incentive award (2010) 
Japan Society for Molecular Science encouraging prize(2009) 
CrystEngComm Prize �RSC Publishing� (2009) 

Academic activities Member; Chemical Society of Japan 
Member; Physical Society of Japan 
Member; Japan Society of Molecular Science 
Member; The Japan Society of Applied Physics 

－213－



Standing executive secretary; Tokai division, Chemical Society of Japan 
(2015-2017) 
Project general manager; Section B, 142th University-Industry Cooperative 
Research Committees, Japan Society for the Promotion of Science 
(2014-2018)  
Executive secretary; Physical chemistry division, Chemical Society of Japan 
(2014-2018) 
Secretary; The 12th International Symposium on Crystalline Organic Metals, 
Superconductors and Ferromagnets (2017) 
Steering committee member; Japan Society of Molecular Science (2018-) 
Vice chair; Division 7, Physical Society of Japan (2018-2019) 
Chair; Division 7, Physical Society of Japan (2019-2020) 
Chair; The 80th Okazaki conference “Chirality-Induced Spin Selectivity and 
its related phenomena” (2019) 
Session organizer; Materials Research Meeting 2019 (2019) 
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(1) Participants 
 
Hiroshi YamamotoD)1 5#E 0/ 
Masayuki Suda� � DC; 9>E  0 
Genta Kawaguchi� D*! 8$E 7� 0 
 
(2) Original papersDResearch Category in [ ]E 
 
1.  G. Kawaguchi, A. A. Bardin, M. Suda, M. Uruichi, and H. M. Yamamoto: “An Ambipolar 

Superconducting Field�Effect Transistor Operating above Liquid Helium Temperature”, Adv. Mater., 
2018, 1805715 (2018). [5, 1] 

2.   Y. Kawakami, T. Amano, Y. Yoneyama, Y. Akamine, H. Itoh, G. Kawaguchi, H. M. Yamamoto, H. 
Kishida, K. Itoh, T. Sasaki, S. Ishihara, Y. Tanaka, K. Yonemitsu, and S. Iwai: “Non-linear charge 
oscillation driven by single-cycle light-field in an organic superconductor”, Nature Photonics, 12, 474 
(2018). [5, 1] 

3.   G. Kawaguchi and H. M. Yamamoto: “Control of Organic Superconducting Field-Effect Transistor by 
Cooling Rate”, Crystals, 9, 605 (2019). [5, 1] 

4.   Tianchai Chooppawa, Supawadee Namuangruk, Hiroshi M. Yamamoto, Vinich Promarak and Paitoon 
Rashatasakhon: “Synthesis, characterization, and hole-transporting properties of benzotriazatruxene 
derivatives”, J. Mater. Chem. C, 7, 15035 (2019). [5] 

5.   M. Suda, Y. Thathong, V. Promarak, H. Kojima, M. Nakamura, T. Shiraogawa, M. Ehara and H. M. 
Yamamoto: “Light-driven Molecular Switch for Reconfigurable Spin Filters”, Nature Commun., 10, 
2455 (2019). [4] 

6.   Hiroshi Ito, Yusuke Edagawa, Jiang Pu, Hiroki Akutsu, Masayuki Suda, Hiroshi M. Yamamoto, 
Yoshitaka Kawasugi, Rie Haruki, Reiji Kumai, and Taishi Takenobu: “Electrolyte�Gating�Induced 
Metal�Like Conduction in Nonstoichiometric Organic Crystalline Semiconductors under Simultaneous 
Bandwidth Control”, Phys. Status Solidi PRL, 2019, 1900162 (2019). [5, 1] 

7.   Y. Kawasugi, K. Seki, S. Tajima, J. Pu, T. Takenobu, S. Yunoki, H. M. Yamamoto, and R. Kato: 
“Two-dimensional ground-state mapping of a Mott-Hubbard system in a flexible field-effect device”, 
Sci. Adv. 5, eaav7282 (2019) [5, 1] 

8.   Tianchai Chooppawa, Masayuki Suda, Mikio Uruichi, Manaschai Kunaseth, Supawadee Namuangruk, 
Paitoon Rashatasakhon, and Hiroshi M. Yamamoto: “Development of highly soluble 
perylenetetracarboxylic diimide derivative for n-type monolayer field-effect-transistor”, Mol. Cryst. Liq. 
Cryst., 669, 94 (2019) [5]. 

 
(3) Reviews and booksD Research Category in [ ] E 
 
1.  H. M. Yamamoto, M. Suda, Y. Kawasugi,: “Organic phase-transition transistor with strongly correlated 

electrons”, Jpn. J. Appl. Phys., 57, 03EA02 (2018). [5, 1] 
2.   )15#�C;9>F����+�	@�'� G�,<-B4�A(�����G��69&

�?�73�143-147 (2018). [5, 1] 
3.   C;9>�)15#F��%����
:���3."=���2�����,:69�89, 

203-207. [4] 
 
(4) Invited presentationsD Research Category in [ ] E 
�

1. H. M. Yamamoto: “Field-effect-transistors with phase-transitions”, PACCON2018, Hat Yai, Thailand 
(Feb. 2018). [5,1] 

2. H. M. Yamamoto: “Molecular conductors for electronics”, ICCC2018, Sendai, Japan (Aug. 2018). [5,1] 
3.   M. Suda, “Superconducting FETs based on organic strongly correlated materials,” Gordon Research 

Conference—Conductivity and Magnetism in Molecular Materials—, Rhode Island, U.S.A., (Aug. 
2018). [5,1] 
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4. H. M. Yamamoto: “Electronic Phase Transition at an Organic Field-Effect-Transistor Interface”, 2018 
Int’l Roundtable of NanoScience and NanoTechnology Symposium, Shanghai, China (Sep. 2018). [5,1] 

5. H. M. Yamamoto: “Organic Field-Effect-Transistors based on Charge-Transfer Salts”, Organic 
Semiconductors, Conductors, and Electronics, Aichi, Japan (Oct. 2018). [5,1] 

6.   H. M. Yamamoto: “Electronic phase transitions at an organic field-effect-transistor interface”, NCTU 
workshop, Shinchu, Taiwan (Oct. 2018). [5,1] 

7. H. M. Yamamoto: “Organic Field-Effect-Transistor with Strongly Correlated Electrons”, 
NanoThailand2018, Bangkok, Thailand (Dec. 2018). [5,1] 

8.   H. M. Yamamoto: “Electronic phase transitions at an organic field-effect-transistor interface” 
NanoTalk, NANOTEC, Bangkok, Thailand (Feb. 2019). [5,1] 

9.   h��TÛ�Î_@§�©¦����'+�"��gÏ����La>o>�H=£�Er¨
|n�2019o 3�. [5,1] 

10.  h��TÛ�Studies on Phase-Transition Devices Based on Organic Mott Insulators����La>o
>aÁÆRÆ�HÅ��Er¨|n�2019o 3�. [5,1] 

11.  Õ¢�À,� ¤ÓD¥xLG_�¡��Ò_�x�DJv�, ����a>³ 74Xo�^> 
7/!�1���G_�ÂÓ�F>�	���]A§Ð�x�, ®iØ��Ù, 2019o 3�. [5,1] 

12.  Õ¢�À,� G_�34&�Jv�Z�
",7C�Ò�� {�\[Jv�, �±¢^a×
´«²}�Top Runner's Lecture Collection of Science—�Ç��Ê�d°x	���Ò¬;m
wµ��K¹Û05$-�6��"�",7(6*�"—�, �±¢^a, �<Ø��Ù, 2019
o 4�[4] 

13. Hiroshi Yamamoto, “Light-driven molecular switch for reconfigurable spin filters”, ANSCSE2019, 
Chiang Mai, Thailand (Jun. 2019) 

14.  h��TÛ���t§Ð(37!"#�¡���x¯a��³ÚXYALa-�831«²>�
yª¨ikn�2019o 6�. [5,1] 

15.  h��TÛ�¿¾'+�"�¡����t§ÐÒ_·��xJv��VSf^a�a«²¯Å�
>�yª¨VSfn�2019o 7�. [5,1] 

16. Hiroshi Yamamoto, “Light-driven molecular switch for reconfigurable spin filters”, 17th Japan-Korea 
Symposium on Molecular Science, Nagoya (Jul. 2019). [4] 

17. Hiroshi Yamamoto, “Band-filling and Band-width control for κ-(BEDT-TTF)2Cu[N(CN)2]X  
embedded in field effect devices”, ISCOM2019, Tomar, Portugal (Sep. 2019). [5,1] 

18. Hiroshi Yamamoto, “Spin Filter Driven By Molecular Motor”, 5th Japan-Thai workshop on TCC2019, 
Yokohama (Oct. 2019). [4] 

19. Hiroshi Yamamoto, “Light-driven Molecular Switch for Reconfigurable Spin Filters”, Chirality@The 
Nanoscale, Ascona, Switzerland (Oct. 2019). [4] 

20. Õ¢�À,� �½x��MG_¾�I¡��YA�x�\[Jv�, ³ 10XG_�8�&�(
*�"«²>, ®iØ��Ù,2019o 11�. [5,1] 

 
(5) Patent applicationsØ Research Category in [ ] Ù 
 
1. |l�u�b|c��h��TÛ��34&��FÃ»��34&��F���GÑÃ»P�
GÑ�����Ö 2019-092958�2019o 5� 16�. [4,5] 

2. |l�u�b|c��h��TÛ��35�ÇÃ»���Ö 2019-092959�2019o 5� 16�.[4,5] 
 
(6) Collaborations including both inside and outside projectØ Research Category in [ ] Ù 
1.  h��T�l�¼×����U�ÐWsØ�La«²}ÙÛ)8.2%(¸ºA�Zp�zÄ

¶ [1] 
2.  h��T��O�NØG_¯a«²}ÙÛ�35G_����",7ÈË§:B¡�Ä¶ [4] 
3. h��T�j�Ô9ÌØ~É^aÙÛ�35¬x?eA�Ò_�zÄ¶ [1] 
4.� h��T�Supawadee NamuangrukØNANOTEC, ThailandÙ�½xG_�Ò�Q�_Ä¶ [5] 
 
 (7) Hosted seminars and symposiums�
1. ���'+�"�¡��Î_�zJv��gÏ�G_««²>�ikn�2018o 9� 29-30�. 
2. �Î_@§�©¦����'+�"��gÏ�³ 99 ��La>�`o>�H=£�<Íq�
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2019� 3¦ 19¡. 
3. “The 80th Okazaki conference –Chirality-induced Spin Selectivity and its related phenomena” 

(CISS2019), Okazaki, Japan, May 15-18 (2019). 
4.  �ćuMÏ\wÔÛKĒQPC2019ē�UuÔÔÛK�����2020� 8¦ 5-6¡.  
5.   “In-field Molecules for Next-generations Flexible Electronics”, Cluster G-1, MRM2019, Yokohama, 

Japan, Dec. 13 (2019).�
 
�

(8) Awards and honors 
1. ĎÉÅîĖ��ĄØwsëð�@ì�Øwçú���ĄØwÐ�2018� 4¦ 10¡. 
2. �©¼fĖ�wïú��¡©\wK�2019� 3¦ 17¡. 
3. �©¼fĖ�¸EØw�ïùkwïú��¸EØw�ïùk�2020� 3¦ 3¡. 
 
(9) Press releases 
1. 5=);;A)��§³üL{N����Q�p�Äø�Íò� =A&A�_Å�üL{�³

²�ó£���2018� 6¦ 26¡.  
 https://www.tohoku.ac.jp/japanese/2018/06/press20180626-02.html 
2. 5=);;A)��§³/:?()*�üL{�ªH��� Ĕċm�����õ��üL{�

X�Ĕ��2019� 5¦ 13¡.  
 https://www.riken.jp/press/2019/20190511_1/ 
3. 5=);;A)��$:<Uu9A*A�WÈ��ċu)3?�Q@¿���X���2019� 6

¦ 7¡.  
 https://www.ims.ac.jp/news/2019/06/07_4366.html 
4. ¡áÇ°�è��Q�¿�ċu)3?X���2019� 6¦ 21¡.  
5. Øw�è��$:<Uu9A*A�jþā[WÈ��2019� 6¦ 28¡.  
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Curriculum Vita of PI 
Name 
Affiliation 
 
 
Address 
Phone number 
Email 

Hiroyuki Noumi 
Professor 
Osaka University, Research Center for Nuclear Physics 
 
10-1 Mihogaka Ibaraki Osaka 567-0047 JAPAN 
+81-(0)6-6879-8933 
noumi@rcnp.osaka-u.ac.jp 
 

Education 1984-1990  Graduate School of Science, Osaka University 
1981-1984  Faculty of Science, Physics Department, Osaka University 
 

Degrees Dr. Sci. (1991) Osaka University 
M. Sci. (1987) Osaka University 
B. Sci. (1985) Osaka University 

Employment/research 
experience 

2007-  Professor, Research Center for Nuclear Physics, Osaka 
University 

2002-2007 Associate Professor, Institute of Particle and Nuclear Studies 
(IPNS), High Energy Accelerator Research Organization (KEK) 

1997-2002 Research Associate, IPNS, KEK 
1990-1997 Research Associate, National Laboratory for High Energy 

Physics (KEK) 
 
Additional post 
2019-   Visiting Chief Researcher, RIKEN 
2018-     Professor, Sokendai 
2016-  Specially Appointed Professor, IPNS, KEK 
2013-2019  Visiting Researcher, RIKEN 
2013-2016  Visiting Professor, INPS, KEK 
2010-2013  Visiting Researcher, RIKEN 
2010-2011  Visiting Professor, INPS, KEK 
2008-2008  Visiting Researcher, INPS, KEK 
2004-2007  Associate Professor, Sokendai 
1999-2002  Researcher, Sokendai 
 

Awards and honors Osaka University Presidential Awards for Achievement (2013)  
Atomic Energy Society of Japan, North Kanto Branch Awards for 
Distinguished Service (2005) 
 

Academic activities Member; Physical Society of Japan (JPS) 
Chair of Division of Experimental Nuclear Physics, JPS (2019) 
Deputy Chair of Division of Experimental Nuclear Physics, JPS (2018) 
Executive Committee Member, Hadron User’s Association (2008-2010, 
2012-2018, 2020) 
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Executive Committee Member, Chair, Hadron User’s Association 
(2016,2017) 
Executive Committee Member, Deputy Chair, Hadron User’s Association 
(2015) 
International Advisory Committee Member, International Conference on 
Hypernuclear and Strange Particle Physics (2015-) 
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(1) Participants 
ěë� �w� ÖÓ� ĬãðóýĂVoWqĭ�

ùĪ� ÜªĘ� �Ö� ĬãðóýĂVoWqĭ�

¸è� ËrĘ� ÒH;�ÖÓ� ĬĩN^mQq�ĕ£ýĂæäĭ�

�õ� §Ã� ñ�ýĂ¡� ĬãðóýĂVoWqĭ�

|s� ďªĘ� ñ�ýĂ¡� ĬãðóýĂVoWqĭ�

¿ī� Ú�� Ö�ċ�¡� ĬãðóýĂVoWqĭ�

�' #4. ��* .� ©³ġô� ĬãðóýĂVoWqĭ�

ēü� đx� ©³ġô����ýĂ¡� Ĭ©Ġ©³©³ġó³ýĂĀĭ�

�$+��'$+��' +&� ��ýĂ¡� Ĭ�" #$*( ��(+(" ĭ�

ç|� Í� ��ýĂ¡� Ĭ�" #$*( ��(+(" ĭ�

ħ� Ĕ� ��ýĂ¡� Ĭó�³ýĂÐĭ�

êě� þ�� ��ýĂ¡� Ĭó�³ýĂÐĭ�

ĩå� Þ�� ��ýĂ¡� Ĭó�³ýĂÐĭ�

à¨� ĉªĘ� ��ýĂ¡� Ĭá�©³©³ġó³ýĂĀĭ�

©Č� µÝ� ��ýĂ¡� Ĭá�©³ĥ°�ó³ýĂVoWqĭ�

ü¿� đ¢� ��ýĂ¡� Ĭá�©³ĥ°�ó³ýĂVoWqĭ�

{�¾� ér� ��ýĂ¡� ĬĩN^mQq�ĕ£ýĂæäĭ�

¸â� ģ � ��ýĂ¡� ĬĩN^mQq�ĕ£ýĂæäĭ�

 
 (2) Original papersĬResearch Category in [ ]ĭ 
�� H. Nagahiro, S. Yasui, A. Hosaka, M. Oka, and H. Noumi, “Structure of charmed Baryons studied by 

pionic decays”, Phys. Rev. D95, 014023(2017). [2,1]�
�� H. Noumi, “Physics in J-PARC Hadron-Hall Extension”, JPS Conf. Proc. 13, 010017(2017). [2,1]�
�� S. Kawasaki et al., "Spectroscopic Experiment of Λ(1405) via the In-flight d(K−,n) Reaction at J-PARC 

K1.8BR", JPS Conf. Proc. 13, 020018(2017). [1]�
	� T.N. Takahashi for the J-PARC E50 collaboration, “Experimental Investigation for Diquark Degrees of 

Freedom in a Charmed Baryon at J-PARC”, JPS Conf. Proc. 13, 020042(2017). [2,1]�

� K. Inoue et al., "Spectroscopic Study of Hyperon Resonance Below K-N Threshold via the d(K−,n) 

Reaction", JPS Conf. Proc. 17, 072003(2017). [1]�
6. H. Noumi, “Strange and Charm Hadron Physics at J-PARC in Future”, JPS Conf. Proc. 17, 

111003(2017). [2,1] 
7. S. Ajimura et al., ""K-pp", a Kbar-meson nuclear bound state, observed in 3He(K-, Λp)n reactions", 

Phys. Lett. B 789, 620-625 (2019). [1] 
8. Y. Komatsu et al., "Experimental Study of Di-quark Correlation by Charmed Baryon Spectroscopy at 

J-PARC High-Momentum Secondary Beam Line", JPS Conf. Proc. 26, 022029 (2019). [2,1] 
9. S. Kawasaki et al., "Λ(1405)Spectroscopy via the In-flight d(!-,n) Reaction at the J-PARC K1.8BR", 

JPS Conf. Proc. 26, 022009 (2019). [1,2] 
 
(3) Reviews and booksĬ Research Category in [ ] ĭ 
1. »¼ĤÉ8ěë�w, ROqRD�ROqR>�±@L�°ãĮK uĞ°�°ãGt÷, bl

ZM82019 Å 1 ß�ĬVol2019,No01ĭ ă 34 Âă 1 � p44-45 [1] 
 
(4) Invited presentationsĬ Research Category in [ ] ĭ 
1. H. Noumi: “Status E31 – open questions”, “SMI Mini-Workshop on “Future opportunities toward studies 

in low-energy hadron physics with strangeness”, Stephan Meyer Institute, Vienna, Austria, 3-5 December, 
2018 [1,2] 

2. H. Noumi: “Future Experiment at J-PARC”, “SMI Mini-Workshop on “Future opportunities toward 
studies in low-energy hadron physics with strangeness”, Stephan Meyer Institute, Vienna, Austria, 3-5 
December, 2018 [1,2] 

3. H. Noumi: “E50 High-momentum beamline”, 52nd Reimei Workshop on�“�3-$.(*$+0 )�  +#�
�'$,.$0(" )�� #.,+��'4/("/���$"$+0��3"(0(+&��$2$),-*$+0/”, IQBRC, Tokai, 9-11 
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January, 2019 [2,1]  
4. H. Noumi: "Hadron physics with hadron beams at J-PARC",� �Korea-Japan Joint Workshop on the 

Present and the Future in Hadron Physics at J-PARC”, Pukyong National University, Busan, Korea, 4-5 
March, 2019. [1,2] 

5. H. Noumi: “Experimental study of Lambda(1405) resonance via kaon-induced reactions on deuteron”, 
3rd Jagiellonian Symposium on Fundamental and Applied Subatomic Physics, Collegium Maius, Krakow, 
Poland, 23-28 June 2019. [1,2] 

6. ěë�w: "J-PARC ĩė�ĜcqfCÔL`\noG�ęäĖ", “Ûàðó³� 2019 Åÿ²©� 
·ĨãpĆ·póĎã��VYTjo� ĩN^mQqQCDpã°äĖ”(�öĐï), ¹È©³, 17 
Sep, 2019. [2,1] 

7. K. Shirotori: “Hadron spectroscopy with high-momentum hadron beams”, The 3rd J-PARC symposium 
(J-PARC2019), Tsukuba, 24-26 September 2019 [2,1] 

8. H. Noumi: "Production of charmed baryons at J-PARC", XVth RECONTRES du VIETNAM 
“Perspectives in Hadron Physics", ICISE, Quy Nhon, Vietnam, 22-28 September, 2019. [2,1] 

9. ù Ī Ü ª Ę �6�-$"0.,/",-4� $3-$.(*$+0� ,%� *1)0(�/0. +&$+$//� ! .4,+/�  0� 0'$� �������

'(&'�*,*$+01*�!$ *�)(+$7�������ýĂ�����	9`\noäĖF<?L¨Ą°úğ:��á�©

³ĥ°�ó³ýĂVoWq����� Å �� ß �� Û���� ß �� Û�������

10. H. Noumi: "High-momentum pion beamline at J-PARC and Open Charm Production", “Reimei 
Symposium on Synergies in Hadron Physics between J-PARC and JLab", Jefferson Lab., Virginia, USA, 
5 November, 2020. [2,1] 

11. H. Noumi: "Result of the J-PARC E31 experiment", “Workshop on Physics of Heavy-quark and Exotic 
Hadrons", Tokai, J-PARC, 27-29 January, 2020. [1,2] 

12. H. Noumi: "Hadron physics at the J-PARC high-momentum beam line", “Workshop on Physics of 
Heavy-quark and Exotic Hadrons", Tokai, J-PARC, 27-29 January, 2020. [2,1] 

 
(5) Patent applicationsĬ Research Category in [ ] ĭ 
 
   N/A�
 
(6) Collaborations including both inside and outside projectĬ Research Category in [ ] ĭ 
1. ùĪÜªĘ8�õ§Ã8ěë�w8êěþ�Ĭóýĭ8ħĔĬóýĭ8�vĞ��Ĭóýĭ8¹

ÏÑÁĬóýĭ8Wen Chen Chang(�îu«ýĂġ )8Roger Wendell(}Ě©³ )8Akira 
Konaka(TRIUMF)I= EMPHATIC Collaboration: ]hq[l_dkYRUąÆ�sGAJG`

\noG×yDôÎÙĦāí¶ [1] 
2. Sang-In ShimĬ©Ġ©³ĭ8�¤ìĬ©Ġ©³ĭ8Hyun-Chul KimĬ~Ċ©³ĭ8ěë�wĮXg

qfalPoôÎ�ÊFğ@LóĎýĂ [2,1] 
3. çÇþ°Ĭĉ®°©³ĭ8´|ĈµĬáÀ©ĭ8�¤ìĬ©Ġ©³ĭ8ºûĬáÀ©ĭ8ěë�

wĮXgqfalPoGäĖD5Õ�½¥ÄFğ@LóĎýĂ [2,1] 
 
(7) Hosted seminars and symposiums�
1. ���� ýĂ� “Physics with General Purpose Spectrometer in the High-momentum Beam Line”, Osaka, 

Japan, August 27-28 (2018). 
2. “Secrets of PRL”, Prof. Robert Garisto (American Physical Society), SEP 19th, 2018 
3. Workshop on hadron physics with heavy quarks, RCNP, Jan 21, 2020 
 
(8) Awards and honors 
1. Zhadyra OmarĮ6ANPhA 3rd Prize78SNP School 201882017 Å 8 ß 3 Û. 
2. ēü đxĮ6�¦ĎØĒ78`\noeqmiqSq�82019 Å 3 ß 14 Û 
3. Zhadyra OmarĮ6ANPhA 1st Prize78SNP School 201982019 Å 9 ß 8 Û. 
4. Zhadyra OmarĮ6åàĒ78SNP School 201982019 Å 9 ß 8 Û. 
 
(9) Press releases 
1. K-uĞ°DzBGĢ°=KEL�°ãGøč -ROqRD�ROqR>�±@L6¬¯E7ć
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�òÌ-, ó�³ýĂÐ8 ĩN^mQq�ĕ£ýĂæä8 Ûà�°�ýĂĝøæä8 ©Ġ©

³8 á�©³8 Istituto Nazionale di Fisica Nucleare8The Stefan Meyer Institute8J-PARC VoW

q, 2019 Å 1 ß 24 Û [1] 
https://www.riken.jp/press/2019/20190124_2/index.html 
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