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

* Organization

This project is being carried out as a collaboration involving eight participating 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).

Shiro (Univ. '1-; .

* 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.

ﬂb?

L. Pauling

Photograph 51

\_X-ray diffractiory

\Hydrogen bond/

* 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.

e The rest is chemistry

The underlying physical laws necessary for the mathematical
theory of a large part of physics and the whole of chemistry are
thus completely known, and the difficulty is only that the exact
application of these laws leads to equations much too
complicated to be soluble.

The behavior of matter including biological systems
P. Dirac can be understood through physical laws.

» More is different

The behavior of large and complex aggregates of elementary
particles is not to be understood in terms of a simple
extrapolation of the properties of a few particles. Instead, at
each level of complexity entirely new properties appear.

SN

The interactions among multiple components in
complex systems create entirely new properties in
each layer of the hierarchy.

P. W. Anderson

» 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.
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* Three Key Concepts and Sub-projects

The three key concepts are associated with three sub-projects: “Interaction in matter” lead by Dr. Ueno,
“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.
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* 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”), 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.

Lead researcher

Dr. Reizo Kato



Heterogeneity at the interface

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. The heterogeneity is frequently associated with functions of the
materials systems. For example, the doping that effectively modulates electrical properties of various solids
(semiconductor, metal, and superconductor) induces heterogeneous distribution of atoms/molecules. The
heterogeneity is also a key concept in the evolution of matter from non-living matter to life. Field effect
transistor and biological membrane are artificial and natural examples of functional heterogeneous systems,
respectively. The heterogeneity, where the periodicity is missing to reveal gradients, is a challenging research
target of the cutting-edge measurement technology, mainly due to its structural and phenomenal complexity.
Especially, we focus on the heterogeneity at interfaces in various kinds of materials systems, regarding how it

affects the functions accompanying with the peculiar chemical/physical properties.
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In this project, we investigate the heterogeneity at three kinds of interface systems by three sub-projects. 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 unprecedented phenomena,
which is a crucial issue to understand and utilize heterogeneity at atomic-scale interfaces in matters. 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
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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. 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.

As a strong novelty of this project, we propose a comprehensive solution for long-standing issues regarding
influence of atomic/molecular level structures and charge carrier dynamics resulting from the heterogeneity at
interfaces on macroscopic properties and functions of a variety of materials systems by cutting-edge

spectroscopic and microscopic techniques in RIKEN.

Project Leader

Dr. Yousoo Kim
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propylenedithiotetrathiafulvalenedithiolate) [3]. [Cu(dmdt),] (dmdt = dimethyltetrathiafulvalene
dithiolate) [4]23FH 24 19.4 GPa, 4.7 GPa DE FTEBIC/ARD Z L&A LTZ, FRC,
[Ni(hfdt),] (hfdt = bis(trifluoromethyl)tetrathiafulvalenedithiolate) L = CTIL HERTH 525, 8.1
GPa IZMET 5 L 55 K IZBWTHEMBEKRIZAR H[5], F 7=, [Pddddt),] (dddt=
5,6-dihydro-1,4-dithiin- 2,3-dithiolate)| L i & ClI#Eix AR TH 223, EIIEZFEIINT 5 & 4.2 GPa D
JEDMSRERGEE 220 . S|IRHPT S IEME L= R B —(E)DINE & & HIZ2PITHD L,
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Organic molecular tuning of many-body interaction energies in
air-suspended carbon nanotubes

The Coulomb interactions are enhanced in carbon nanotubes because of the limited screening in
one-dimensional systems, which result in stable exciton and trion formation even at room temperature.
Their optical properties are sensitive to environmental screening due to their atomically thin nature.
Even for the least screened air-suspended nanotubes, the excitons are known to be affected by
adsorbed air-molecules, and therefore the screening effects can be further reduced when the molecules
are desorbed [1]. Taking advantage of the drastic shifts in the emission and absorption spectra of the
exciton with the molecular desorption, all-optical memory operations [2] as well as optical control of
coupling between nanobeam cavities and nanotubes [3] have been demonstrated. In contrast to
air-molecules, the dielectric screening further increases with organic molecule adsorption on
suspended nanotubes, and it can be controlled with the deposition amount. Such screening with
organic molecules also has a potential to be utilized for carbon nanotube devices.

Here, we demonstrate control over many-body interaction energies in air-suspended nanotubes by
copper phthalocyanine molecule adsorption [2]. The molecules are deposited on chirality-assigned
carbon nanotubes by thermal evaporation. Averaging the photoluminescence excitation spectra for
tubes with the same chiralities, we observe that the exciton emission energy redshifts gradually with
the deposition amount, reaching energies much lower than the air-molecule adsorbed states. The trion
emission is also observed, which could be due to charge transfer between copper phthalocyanine
molecules and carbon nanotubes. Analysis of the spectra for individual tubes reveals a correlation
between the exciton-trion energy separation and the exciton emission energy, showing that the
many-body interaction energies scale with similarly with the molecular dielectric screening.

Work supported in part by RIKEN (Incentive Research Projects), JSPS (KAKENHI JP16H05962 and
JP17H07359) and MEXT (Photon Frontier Network Program, Nanotechnology Platform). We thank
the Advanced Manufacturing Support Team at RIKEN for technical assistance.
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Cryogenic hydrogen gas target ,

Non-resonant multipass-cell

ceramc Laser
Muonic hydrogen atom S oscillation development

g Optical parametric amplifiers
Pulsed negative muon beam

Optical parametric oscillator

Simulated electron Muon spin Resonance
time ctrum polarization line shape
! r Quantum cascade laser

Tm,Ho:YAG ceramic laser

Muon spin potarization (%)
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A possible ultra-solution for the data taking task in Experimental Physics

The consumer-oriented general-purpose equipment such as PC and ethernet has become so powerful
that a new era of civilization based on Al and IoT is around the corner. Based on this observation, we
are trying to explore the new possibility for the data taking task in Experimental Nuclear and High
Energy Physics with the assistant of modern IT products. Our primary goal is to achieve a MHz
throughput for the J-PARC E50 experiment aiming to study the hadron physics with Charmed baryon.
A novel idea in our approach is to digitize the whole experiment with a so-called trigger-less data
taking scheme. In this talk, we will present the design concept and our recent test beam results.
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Development of electrochemical sensors and biosensors based on porous
electrode and conducting polymer

Electrochemical techniques, are powerful tools in chemical sensor development, it is not only
because many types of signal can be monitored such as current, potential, charge and impedance but
they can also be used for surface characterization and nanostructures fabrication. For example, porous
structure can be fabricated by applying a constant potential to a gold electrode in acid solution. The
electrode was easily characterized by cyclic voltammetry (CV) which a porous gold electrode
provided a higher area than a flat gold electrode (around 19 times). This porous gold has been used to
immobilize anti-HSA for the impedimetric detection of HSA. The porous electrode had a 8.7 times
higher sensitivity than a flat gold electrode with a very low detection limit, in the order of nanogram.
A porous gold electrode also performed exceptionally well for the detection of organic compounds that
normally have sluggish electron transfer rate and/or easily adsorb on the electrode surface. An
example is bisphenol A, on porous gold its CV anodic current was about 2.50 times higher than a
planar gold. The amperometric monitoring of the bisphenol A anodic current resulted in a detection
limit of 2 nM. The high surface area of porous gold is very beneficial such that it reduced the electrode
fouling effect from the oxidation product of BPA. Another interesting material for improving
electrochemical sensor performance is conducting polymers They can be exploited as excellent
interfacial materials between electrode and biological element by entrapping/immobilizing
biomolecules. Recently, a new formation of conducting polymer has been fabricated, polypyrrole
microparticles (PPyMPs). These particles have a relatively high surface-to-volume ratio and thus a
large accessible active surface to enhance the electrocatalysis efficiency. PPyMPs were either doped
with a Dawson-type polyoxometalate (POM), as a hydrogen peroxide electrocatalyst or methylene
blue (MB) as a mediator for a bioelectrocatalysis process. Then drop-casting these particles on an
electrode surface to create hierarchically self-organized porous films. A hierarchically porous structure
of POM-PPyMPs has been applied for the catalysis of hydrogen peroxide, and MB-PPyMPs, to
mediate the electron transfer between the electrode and the active sites of glucose oxidase. The
monitored amperometric signals provided good analytical performance. These microparticles were
further used for a new electrochemical detection concept based on a modular approach for the
construction of hetero-structure bioelectronics using tailored functional “biological microparticles”
combined with “transducer microparticles” as modular building blocks. This approach provides an
easy way to fabricate bioelectronics by just combining ready-made bio/catalytic-functionalizable
microparticles. Using the electrochemical methods as signal transduction, characterization and
fabrication combining with porous material and conducting polymer, improvement of the performance
of electrochemical sensors could easily be achieved.
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The electrode-electrolyte interface where adsorption and charge transfer occurs is central to
many electrochemical applications including bio(chemical) sensors, batteries and fuel cells.
Here, we show that ferrocene-terminated alkanethiol self-assembled monolayers (Fc SAM) on
Au can be used for model electric double layer (EDL) studies. We employ X-ray and
ultraviolet photoelectron spectroscopy combined with an electrochemical cell (EC-XPS/UPS)
which allows us to electrochemically control the Fc SAM redox state and spectroscopically
probe the redox-induced changes. As XPS/UPS requires ultrahigh vacuum (UHV), EC is
performed in a separate chamber under Ar followed by evacuation and transfer to the
XPS/UPS analysis chamber. We can probe changes to the ferrocene/ferrrocenium (Fc/Fc*
redox state), Fc*-anion ion pairs and monolayer thickness. The confirmation of ion pairs
means that the EDL is conserved following removal from the electrolyte and transfer to UHV.
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Decay dynamics and diffusion properties of bright
and dark excitons in air-suspended carbon nanotubes

We investigate exciton dynamics of parity-odd bright state and parity-even dark state by performing
time-resolved photoluminescence measurements on defect-free as-grown carbon nanotubes. The
emission decay curves exhibit bi-exponential behavior, where the fast and slow decay components
arise from the dynamics of bright and dark excitons, respectively. We analyze such exciton dynamics
using a three-level model including the effects of end quenching by measuring chirality-identified
nanotubes with different suspended lengths. We find that bright excitons have lifetimes of ~80 ps and
diffusion lengths of ~400 nm, consistent with the known values. In comparison, dark excitons have
much longer lifetimes in the order of nanoseconds, and their diffusion lengths are too long to
experimentally determine. We also observe chirality dependence of diffusion coefficient and
bright-dark transition rate, giving further insight into the nature of excitons.
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Application of heterodyne-detected vibrational sum frequency generation
spectroscopy to electrode/electrolyte solution interface
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Transfer Matrix used in beam trajectory simulation for any ion
optical elements

Often large facilities like storage rings and beamlines are simulated in first order due to limitation in
computing power needed for such simulations in real field. Again, first order ion optics simulation
requires transfer matrix for individual ion optical elements. I have developed a formalism to calculate
transfer matrix of any type (electrostatic or magnetostatic) of single or combination of multiple ion
optical elements. This will enable one to simulate large facilities using first order programs with no
limits on first order approximations and is useful for accelerator physics, instrumentation. The method
and its validity with comparative studies to existing theoretically well-known values will be discussed.
A beamline is simulated and constructed for largest cryogenic ion storage ring to deliver ions.
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Atomic-scale exploration of the stepwise
metal-incorporated cycloaddition reaction in two dimensions

Dehalogenative cycloaddition reaction is a powerful strategy to generate new ring scaffolds with
n-conjugated features on a surface, and thus holds great promise toward atomically precise electronic
devices or nanomaterials. However, the unclear mechanisms and intermediate states of the reaction
hinder the further precise design and optimization of reaction products. We herein elucidate the
stepwise metal-incorporated cycloaddition pathway both experimentally and theoretically from the
interplay of scanning tunneling microscopy and density functional theory calculations. Intriguingly,
the evolutions of surface-stabilized radicals and hierarchical organometallic intermediates are
observed in real space toward the formation of dominant conjugated four-membered ring connections.
Our results provide fundamental insights into the intermediate states involved in on-surface synthesis.



P-09 EFEm

HALEOTIERT BARAFZEASHS  BURF 0 TP gE=

e-mail: yasuhiro.ueno@riken.jp

2019 4 {E-E(EHIR)  HARURFHRR A SUErE R
2019 4F 4 A L v BYLEARERT AR R IE B

I a—F = U AR FBEAES OBEB ST X D HER QED ORREE

Ra—F =T AII 2k EEBFPORDIKBHEFELTHY, ~NFuerE2EFE R0 KR
WRE LT BRI LD =RV — L ORENTS /2R E LTHLN TV, D7,
EBRAVZZ DT RV —WEN 2P E LB & 95 Z & THER QED OMGENFRETH
L LTCTHEHERASR, KER AT TEAMIEMICENT DC E—LZHW0ERne ST
X 7[1[2), V4R, RIBR SR ONEER % J-PARC TEE S NZEmRE /LA I 2 —F
E—AIZ Lo THERDIERFHNC L D I 2 —F =7 LB E O~ A 7 v R0 03 /T 6E
7oz, RFEFTIE., ZHE TOD J-PARC ITBIT D0 FE EICHOWTRRMNT 5,

P-10 5 4§

HYCFEIIERT NS BT 4 b =7 AR

e-mail: nan.fang@riken.jp

20134 FERRHRY: (PE) 4%
2016 4 HURKFRFBEAE L 4
2019 4F  FURCRSERFBE LR A% ,
2019 45 BR{LERFSET  HERIAFSE A — Y -,
.. e

2 RITEIRWE 2 VT2 FET 280 % RmEsetE i 4 55

MoS:, as one of the most explored 2D materials of transition metal dichalcogenides, shows
large tunable band-gap, high mobility, and atomically thin body-thickness, which makes it
promising for ultimately scaled field-effect transistors. The device characteristics are however
severely limited by the MoS»/oxide interface, which has not been clarified yet. In this poster,
the interfacial properties of MoS: are systematically investigated. The studied oxide layers
include conventional atomic-layer-deposition Al2O3; and #-BN. The origin of interface states
is clarified. At the conduction band side, the interface states are attributed to Mo-S bond bending
caused by surface strain and substrate roughness, while at the valance band side, the interface states
mainly come from the sulfur vacancy induced defect-states in MoSo.

[1] W. Liu, et al., PRL 82 711 (1999) [2] D. E. Casperson, Phys. Lett. B59, 397 (1975)
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Investigation of Self-Assembled Triptycene Tripods on Ag(111) as Ultrathin
Insulating Films by Scanning Tunneling Microscopy

As single-molecule studies by scanning tunneling microscopy (STM) become more prominent, there
comes the increasing need to isolate analyte molecules from its surroundings in order to preserve its
pristine properties. Although the commonly used NaCl thin film provides sufficient decoupling
between analyte and metallic substrate, their application is limited to cryogenic temperatures and
non-ionic molecules. Therefore in this work, we propose a robust thin film comprised of triptycene
tripods self-assembled on Ag(111). By comparing STM images with theoretical simulations, we
elucidate its structural properties and self-assembly formation. Finally, by using tunneling
spectroscopy and STM-induced luminescence, we demonstrate its electrical and optical isolation
properties on par with conventional NaCl films.
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ESR Method for Quantitative Evaluation of Reactive Oxygen Species
(ROS) from Biological Samples

B~ 1%, B A U HEESR)E A W TAEKRE N ZEH 3 2 1EMERE FEFEROS) DA E
& E BRI 2 A TV A, ESR Z V72 ROS D FE BrFliic i, HEHEREL & L Le s 5D IE
7R A GRS LEE L 72 23 AAREUERN 9 ROS 13 &E 72 72D MV OFEHEREL O EH S
IEMEICHI DB N D D, £ T, v~ 7 ali o F L AA—ZFH L TN DIEMEIZ ng 4
— X —OFEERB ORI ZFHITE 2 RBELHFE LI-OT, ZhEHBI LY, Zhicky
BETF D X 73 K ESR v A7 A% W T i ROS O E BRI 23 nM L ~UL CTHRIFEIZ /R 5 72,

P-14 RFF 3T

HYE=EOTZERT Kim RS EF 2T

e-mail: Kensuke kimura@riken.jp

2017 4 RFBeAEY —F - 7Yoo A |k
2018 4= “FHRFFRIAFSE E(DC2)

HERBOS T2 Wiz ZEEFIE T ORI AR

HIEFEIEH A A — R(OLED)ZH W T, FhE T ERITEERBRETH D, EMEAICIVIE
i S AL D b I — BRI AL 7-(S)) & —EBEEhE (T D 2 AT, &2 OFLITEE - Bk
EREEN D, AV COMEHAILD S & TT 13 DEAETER SN Z Enb, T 2RI L
OLED A< W B L, MWETFIENETIN TS, —F T, T #FH L7 OLED Tix
FRENEIEN @ D E WO BEN D 5, KEIET N 2R INA RN EH T& X, OLED @
BRENEEZ NI D2 ENTE D EWREEND,

AW CIE, Ag(111) BIZEE L7z NaCl @ 3 JR -7 J@lizi & L7= PTCDA 43 7-i2xf L T
BN R VEARET 2 O T2 3EEIIE 1TV, PTCDA OE0G « Bt ED v — 27 28 L 7=,
PRET & MR ENCEUINT 2EE 228 2 72 3 BAIERE 21T - 7oA 5, RS LR Tt o &
DERPICEE Z 2F, DF D T BB SN D FERA L, 2O ERIEIZ LV HT
T IR T AERE N Z T2 2 E R o T D THRET 5,



P-15 R2IRE  HEAS

HESAREGERT RS-0 ek
e-mail: kmatsuzaki@riken.jp

2009 4 B RFHE LR 3

2011 4 ERAF KFEPRAEVY—F - TV A b

2014 - RGP R B R SE R P R B LR RS T
201449 ~v IR T T NREERT (KAY) fEafsE 8
2018 47 PROF JLREERLFERRIAIZE R

BT b onitE AWV RIS eiEDOBRF

Wy T, ORI A BT 2 Z L2k 0V T OBE B I OIEEh = 1L — AL I
WCHIRZSD Z LN TE L FRIET, RbEARNZRSEE LTRAWGETHO LT
%o EHRRINORHICIZ, @V Z T L e A Xt (SN EL) ZERT 572010 ) A Aa ik
INRICHI 2 5 Z ERMBERAIR TH LN, L—F =72 O HMi2e 2601 e U THWETE
SEETIE, EEATREZ R /A AD FRIZY 3 v b+ /A4 XX BHIEZ T TW5D, KiFZET
X, 2O EFERET 572012, B b Ot E W I IEH MR A IR E L THW
IR JEDOBRIE 2T > T D, FERTIH, a v b /A X&EEL TRINA~RY fL
RS T DA L, FICFEPEMGEERZIT R > TR W THiE T 5,

P-16 $k= ZEmk

FERSIR PR T AmPRE e AmBrHK

e-mail:kamaya.m.510@gmail.com

2014 45 SLEERSERSE BRSEL AEMmRERt
2018 -~ TSI RERF B AT IER AR

KEABRIE B RBRE 2 Y — & /%7 H FixL OREEERERRNT

~ ARHEION AT HARR I IR P OZESR AR ) I Lo T B =T A S 2 i
w1700 QD BRI IEE TR L C LE H 72, MR QI & G SBmEan ik S C
D, ARRIE R CR, iSRS VB ThD FixL DR ARG 5 &, ATP ONVKGfiF%
FIHLZEACY ARV | ZOV AHAE L AR AL X o L—F—Th D Fix] |52 & T, Fid
DNEEAETEREROIRATRI L QD ZIVE T, FixL IHHAT-& U TABERE G Ar ~DERL 1D
FEAI X VSRR ARG L QD 2 EDNABHN T2 o QOB FEEORE BN E D I DX L I EBNEAAL
DY, BEY AR ET SR L QOAOINIO WU IR CH D,

AWGECL, FixL ARSI R A A O Ui RA P X 912 U O Ol e, 772> C
WDDDEAHOINTT DTN, X R sfii 72 N AR AN T2 7572,



P-17 &4 RE

FrE  RSC « AR BE RIS 2T LB T — L
e-mail: ttosha@spring8.or.jp

~2003 4 FUAL R R R T2t sekl o 7 TR s g e
~2006 54 [MIFHEENAA TV A o 22— BEHER

~2009 4 >K[F Children’s Hosp. Oakland Res. Inst. & 1+-#F5E 8
~HE (2012 4F & Y FAEATIER)

ARV AT DT XD —BRICER D4 TS

TRV T D BEEFRE NO 1L, AERNICEB W T 71 LTHEREL., mE Ik
R, FRIBEO I RE R S 2 OAPLSORNICE S L Tnb, £O—F5 T, NO [X4EKS T
DIER, ®ERFREOMRES, HHIRE L OIS XL BRBICFTH L~ VA X T A b
T4 FOEREBEL, MEGEEZSIERITEVIADOMAEE B, TDD, AWM. NO
BIHODIIGIRT D VAT K EHZ TN D, AFFETIE, AWML D NO D5 it %
MRS D702, AEWN SO NO BIkE (NOR) OO M2 HIE L, TEDR D
OR[N NOR B L OHIE S b SRS S NOR ZAF7E4: & L, B4 e 72 & TNT

X #RH EHC:';“% U—H—Jifig¢ SACLA ZHFIH U 7o X Bt b s o . 2 O Rk
FEDFEIZE > 72,

P-18 CHARTKUNCHAND KIATTICHART

HULFEHIIERT  WUE T T B IE
e-mail: kiattichart.chartkunchand@riken.jp

2015 4 University of Nevada, Reno CK[E) {1
2015 4£ Stockholm University (A 7 =—7 ) 1858 E
2018 4= EAF  FEHIAFZER

Towards Investigations of Pre-Cooled Ions Stored in the RICE Storage
Ring Via Action Spectroscopy

A new beamline capable of providing cooled, keV ion bunches has been commissioned at the RIKEN
Cryogenic Electrostatic (RICE) ion storage ring facility. This so-called Pre-Trap Beamline utilizes a
5.7 K RF octupole ion trap with He buffer gas for effective collisional cooling of ions. Testing of the
trap at cryogenic conditions, as well as of injection into the RICE ring, will be carried out using
carbon cluster anions C, (n =3, 4, 5, ...) from a custom-built laser ablation ion source. Preliminary
action spectroscopy measurements will be conducted, providing structural information on these anions.
The temporal behavior of neutral C, cluster yield after photodetachment will also help elucidate the
various cooling mechanisms these anions undergo. The main goal of this and related future studies
will be to shed light on the behavior of these ions in astrophysical environments.
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Tip-enhanced resonance Raman imaging of a single molecule

Raman spectroscopy is one of the widely used characterization tools for investigating various
materials. However, both the inherent weakness of Raman signals and the diffraction limit of light
gives a fundamental limit to the application of these techniques for nanoscale materials.
Tip-enhanced Raman spectroscopy (TERS) can overcome this limitation by greatly enhancing the
signals thereby also improving the resolution down to subnanometer scale. In this work, we
demonstrate resonance STM-TERS with single molecule resolution. By carefully adjusting the
excitation energy to match the single molecule absorption, we successfully show a one to one
correspondence between the absorption spectrum and the excitation profile of Raman modes with
submolecular spatial resolution. We performed TERS imaging with these conditions and found that
the Raman images correspond to the vibrational symmetry of the Raman modes.
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DNA-Functionalized Nanoparticles for Biosensing Applications

In this work, a biosensor to detect small molecules using DNA-functionalized nanoparticles
(DNA-NPs) will be developed. The sensing principle is based on a target-induced spontaneous
aggregation, “non-crosslinking aggregation”, of DNA-NPs, e.g., gold nanoparticles (AuNPs),
functionalized with single-stranded DNA (ssDNA). This work aims at designing the novel
nanomaterials for easy, fast, sensitive, convenient and on-site detection of small molecules affecting
the environment and human body such as cisplatin and bio-related materials such as thrombin protein
etc., that interact with DNA using the non-crosslinking aggregation via the change in physical
properties of DNA induced by the target molecules. The changes in structure and physical properties
of DNA strand and particle aggregation will be examined by various techniques, such as spectroscopic
and scattering methods.
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Cryogenic molecular dynamics explored in RICE and helium droplets

The RIKEN Cryogenic Electrostatic ion storage ring (RICE) offers an extreme experimental
environment to explore ultracold dynamics of molecular ions isolated in vacuum for a long period
over thousands of seconds and at a low temperature of 4.2 K. Excitation and de-excitation dynamics of
molecular ions is studied through observation of the time evolution of the populations at the specific
vibrational and rotational levels. Recent storage experiments of N,O" cations in the ring revealed that
the radiative cooling dynamics of vibrational and rotational states of ions proceeds in a time scale of
seconds and longer. The helium droplet, a nano-scale, superfluid of helium at 0.4 K, is another
cryogenic environment for molecular ions. Its capability of capturing atomic and molecular impurities
enables us to study the atomic scale interaction and heterogeneity between matter and superfluid.
Preparation of a molecular ion in the droplet will be the key step to further investigations.
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[1] S. Okada et al., Prog. Theor. Exp. Phys. 2016, 091DO01 (2016).
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High-resolution imaging of carbon nanotubes using a nonlinear excitonic
process

Highly efficient exciton-exciton annihilation process unique to one-dimensional systems is
utilized for super-resolution fluorescence imaging of air-suspended carbon nanotubes.
Through the comparison of fluorescence signals in linear and sublinear regimes at different
excitation powers, we extract the efficiency of the annihilation processes using conventional
confocal microscopy. Spatial images of the annihilation rate of the excitons have resolution
beyond the diffraction limit. We investigate excitation power dependence of the annihilation
processes by experiment and Monte Carlo simulation, and the resolution improvement of the
annihilation images can be quantitatively explained by the superlinearity of the annihilation
process.
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Real space interface charge transport between undoped
and highly doped GaAs for terahertz application

One of the key challenges in the application of terahertz waves in various fields such as spectroscopy,
security, and medicine is the design of compact, low cost, and easy to use terahertz emitter. As such,
the design of efficient semiconductor-based terahertz emitters is an active area of research in the
terahertz (THz) community. One way to enhance the emission efficiency is through interface
modification. However, the trade-off between the high electric field and mobility of photoexcited
carriers near the interface, both of which affects the THz emission necessitates the need for a careful
control of the carriers across the interface. Here, we investigated the terahertz emission in relation to
the real space charge carrier transport at the interface between undoped and highly doped gallium
arsenide. Using the same sample allowed us to directly correlate the atomic-scale charge transport to
the macro-scale THz emission. Our results show that carrier injection from the highly doped GaAs
which is limited to distances less than 54 nm from the interface, can reduce the THz emission at high
pump fluence. This value should be added to the total thickness of emitting layer, which was not
considered before. We believe our results can aid in the optimization of layer design of an efficient
THz emitter, especially those that involve multiple interfaces.
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Fabrication and characterization of air-suspended carbon nanotube light
emitting diode structures

Single-walled carbon nanotubes have potentials for applications in Si-based optoelectronic devices
operating at optical communication wavelengths. Here we report on the fabrication of air-suspended
carbon nanotube light emitting diode structures on Si substrates where p-n junctions are formed by
utilizing split-gate field effects. We investigate photoluminescence and electroluminescence properties
of the individual carbon nanotubes. We discuss gate and bias voltage dependence of
electroluminescence spectra, and we also compare -electroluminescence intensity with
photoluminescence.
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