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Director Prof. Junji Nishii

The Research Institute for Electronic Science (RIES) of Hokkaido University has more than 20 years of history during which we have worked actively under the
mission of development of new interdisciplinary fields. If the Research Institute of Ultrashort Waves, its predecessor, is considered, then more than 70 years have
passed since establishment of the organization. Since 2007, we have been participating in a nanotechnology network project for creating outcomes by sharing
cutting-edge research equipments and facilities launched by the Ministry of Education, Culture, Sports, Science and Technology (MEXT). We are acting as the hub
of "Hokkaido innovation creation nano-engineering and measurement support network" in this program and established nano-technology research center attached
to the institute. In 2012, five years after its establishment, the organization was reformed comprehensively to have four departments attached to the institute,
including "Photonics and Optical Science", "Material and Molecular Sciences", "Biology and Life Sciences" and "Mathematical and System Sciences" and "Green
Nanotechnology Research Center”, making a total of five pillars. We are making every effort to accomplish our missions.

At present, RIES comprises 16 research fields, each maintaining their respective high levels of activity. However, it is not adequate to say that our activity has
been good from the viewpoint of coalition with outside parties. Under such circumstances, in 2009, we gained a chance at participation in "Network type coopera-
tive hub for materials and devices," which was officially approved by the MEXT. We concluded an alliance agreement with the Institute of Multidisciplinary
Research for Advanced Materials (Tohoku Univ.), Chemical Resources Laboratory (Tokyo Institute of Technology), The Institute of Science and Industrial
Research (Osaka Univ.), and the Institute for Materials Chemistry and Engineering (Kyushu Univ.). More than 400 joint investigations are being promoted every
year by the whole hub. Recently, many projects supported by the nation involve difficult issues that will be difficult to resolve unless coalitions of different fields with
universities and research institutes domestic and abroad are promoted or unless vertical relationships with industrial fields are established. Such a robust research
network across Japan is extremely important for supporting the development of future RIES.

For the international coalition, we have concluded academic exchange agreements with universities in the U.S.A., Taiwan, China, and Europe. During these
years, the value of joint papers is being carefully evaluated. RIES, which is aimed at development of new interdisciplinary fields, regards internationalization and
visualization of its outcome as urgent issues and intends to tackle these issues strategically in full force. We will continue to transmit research outcomes actively to
others. For example, opening of the institute to the general public is done in June every year, a practice that is now spreading to other research institutes and
centers of the university. The number of visitors exceeds 1,000 people.

Since transition of national universities to independent administrative corporations in 2004, various measures have been taken for reformation of the university.
In particular, continuation of the affiliated research institutes is always re-assessed, although it is absolutely true that the primary mission of the research institute
is to remain as an organization that pushes forward Japanese science and technology. Operations of RIES, having both generality and specialty, might become
increasingly difficult. It is our belief that we must continue to do what we can stay the course of steady advancement of RIES while eliciting cooperation from
senior associates with abundant experience. Your continued support and cooperation will always be greatly appreciated.
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Towards ultimate optical sciences and quantum photonics
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Advanced optical technologies utilizing unique characteristics of light will play
an important role in a future information-oriented society. Our group aims to
open new research fields in optical sciences and to progress toward the
ultimate goal of new optical technologies. On the basis of new ideas and origi-
nal concepts, we investigated optical communication, metrology, and control
technologies manipulating the quantum and wave natures of light.

Direct imaging of nanogap-mode
plasmon-resonant fields.

Quantum control of photodynamics: Photon localization within micro-
spherical cavities and random structures are investigated to realize cavity
quantum electrodynamical effects and nonlinear optical phenomena for appli-
cations such as single-photon switching devices and highly efficient microlas-
ers.

Optical measurement and control: Three-dimensional nano-position sens-
ing, laser manipulation, and single molecule spectroscopy are utilized for

control of molecular interactions and for spectroscopic analyses of single Highly efficient photon coupling into
molecules and single nanoparticles. Quantum lithography using entangled a single plasmonic nanostructure using
photons is also investigated. a fiber-coupled microcavity.

Research Interests

Quantum dynamics in micro- and nano-structures

Dynamical single molecule and nanopatrticle spectroscopy
Nanometer-space potential analysis with laser manipulation
Quantum lithography using entangled photons

Analysis of photon-localization with narrow-band laser microimaging
spectroscopy

Nano-photonic devices using micro-spheres and nano-optical fiber
Optical angular momentum and related materials
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Manipulation of individual photons toward ultimate technologies
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After a century from the dis-covery of light quanta by Einstein, the genera-
tion of individual single photons and the control of quan-tum correlation
among them are being studied. Such researches will open a new paradigm
of “Science using novel photonic states.’ Typi-cal examples are quantum
cryp-tography realizing ultimate security and quantum computers with which
can solve some problems ex-tremely more efficient than con-ventional com-
puters. Quantum optical measurement which ena-bles super-sensitivity
beating the standard quantum limit and quan-tum lithography with resolution
beating the diffraction limit is also studied. In this context, we are studying
the following topics.

Optical quantum circuit.

Quantum Photonics: Quantum Electro Dynamics (QED) using light confined
in micro/nano structures interacting with individual light emitters toward the
realization of new quantum information devices.

Quantum Information and Quan-tum Metrology: Realization of quantum
optical circuits using photons for quantum algorithms, quantum cryptography
and quan-tum optical measurement.

Nanoscale Fluctuation: Investiga-tion on dynamical origin of huge dielectric
constant from the point view of "polarization and quantum fluctuations of
nm-scale" by using the high frequency-resolved and ultra fast time-resolved
spectros-copy.

Optical nanofiber.

Research Interests

Optical quantum circuit for quantum information and quantum metrol
Nanophotonic devices using microspheres and optical nanofiber
Highly efficient single photon sources and single photon de-tectors
Nanoscale polarization fluc-tuation in Perovskite-type ox-ides
Nanoscale quantum fluctua-tion in quantum-paraelectrics
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Unveiling deep nano-world with coherent x-rays
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Coherent x-ray imaging utilizing advanced synchrotron radiation and x-ray free-electron lasers sheds a new light
on nanostructures deep inside materials, which have been difficult to access with conventional microscopy.

Traditionally, x-rays have been powerfully used for atomic structure determination for crystalline samples. Coher-
ent x-rays with well-defined wavefront further open up new avenues for x-ray nano-structure analysis even for
non-crystalline sample, such as cells or organelles.

The high penetration power of x-rays enables 3D imaging of samples over micrometer thickness with no need
for thin sectioning, in contrast to transmission electron microscopy. Importantly, it realizes the observation of inter-
nal structures of the sample closer to naturally functioning conditions.

We take full advantage of the advanced coherent x-rays to promote imaging research seamlessly from macro-
scopic to atomic level; and aim to understand macroscopic properties from atomic- or nano level, which will
definitely lead to breakthroughs in wide scientific fields in both life and materials science.

Research Interests

® Nano-imaging of cells, organelles with x-ray diffraction microscopy

® Ultrafast coherent imaging utilizing x-ray free-electron lasers

® Development of x-ray nano-focusing technologies and its application to bio-nanoimaging
® Imaging biospecimens in solution using x-ray free-electron lasers

Experimental Setup at X-ray Free-Electron Laser Facility SACLA. 3D Imaging of Human Chromosome.
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_ Laboratory of Molecular Photonics
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Creation of novel function in materials and in biological system
with application of electric field and photoirradiation
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The followings are examined in our laboratory: how structure and dy-
namics of molecules or molecular complexes are influenced by photo- Chemical vapor deposition system
irradiation in the presence of electric fields; how electric and magnetic and OLED emission.
properties of materials are influenced by photoirradiation and electric
field. Based on the results, the relation among "Structure”, “Dynamics”
and “Function (Property)” has been elucidated. Until now it has been
shown that photochemical and photophysical dynamics as well as
insulator-metal transition can be controlled by photoirraidation and appli-
cation of electric fields. In the future, photoinduced superconductor and
superionic conductivity will be quested. Intracellular dynamics and intra-
cellular function have been also examined with a focus to a local electric
field in biological system using fluorescence lifetime microscopy (FLIM).
Further, it will be also examined how intracellular dynamics and function
change when strong and short pulsed electric fields are applied to a Fluorescence lifetime
living system. microscopy (FLIM) system.

Research Interests

@ Structure, Dynamics and Function of Molecules and Materials Induced
by Electric Field and Photoirradiation

® Quest of Novel Materials Having Photoinduced Super- conductivity
and Super lonic Conductivity

® Intracellular Environment and Excitation Dynamics with Fluorescence
Lifetime Microscopy (FLIM)

® Novel Biological Function Induced by Short Pulsed Electric Field and
Photon

Time-resolved photocurrent
measurement system.
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Synthesizing molecules working smartly
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Although living things consist of molecules as non-living
things do, we smartly sense and judge surroundings and do the
action by ourselves. It is still important topic in the present
science to envisage what is special and what is not special in
the molecular level for the outwardly special living things in
comparison with non-living things. We think that constructing
new artificial molecular systems with various information func-
tions which are realized in the living systems will contribute to
the deep understanding of the living things. This is the opposite
way of the usual biology where we observe living things itself
directly.

In the living things, information is stored in the molecular
structures or conformation of the molecular organizations. And
the information is transferred among molecules via molecular
interaction. On the other hand, light is a very important media
for both information and energy not only in the living things and
also in the daily life. Paying special attention to the above
points, we design new photo-reactive molecular systems show- Anew concept of link of E/Z and stereo isomerism.
ing well-regulated molecular structural changes and study the
following changes in the inter-molecular interaction, in order to
actualize new photo-sensor molecular systems and light-driven
molecular machines as preliminary examples of the artificial
smart molecular systems.

Molecular machine showing photo-switchable rotation
of propeller.

Research Interests

® Synthesis of light-driven molecular machine

® Study of photo-responsive liquid crystal

® Induction of molecular chirality by physical chirality

Driving motor protein by using light energy.
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Creating a Unification Platform for Bottom-up and Top-down systems
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Creating a unification platform for bottom -up and top-down systems is one of the most important issues for
harvesting fruits of upcoming nanotechnologies and nano-science as well as those of Si-LSl-based information
technologies.By fabricating nanostructured systems that enable us to make one-to-one addressing with nanoscale
spatial resolution over a macroscopic sample, seamless conjunction of nano- and macro-systems can be made
giving rise, for example, to a Si-based LSI system that enjoys new quantum physical functionalities provided by
various bottom-up systems.We have been studying nanostructure physics by preparing systems being discrete in
nanoscale but having a bulk size, investigating the electro-optical interactions, electronic correlations, self- orga-
nized criticalities, and possible spontaneous symmetry breakdown in such systems. We are interested in both
fabricating spiral heterostructures for a new platform as well as for functional memories plus high efficiency photo-
voltaic devices such as orthogonal photon-photocarrier propagation multistriped solar cell, and calculating the
electronic structures of the system.We also investigate the spin transport under spin-orbit interaction theoretically
and experimentally and compute the fundamental characteristics such as topological insulators. We also have
been developing a clean platform for aforementioned unification of top-down and bottom-up systems.

Research Interests

Nanostructure physics

Spiral heterostructures

Electronic correlations and spin correlations
in nanostructures

Dimensionality (hetero-structural) control
Electric and magnetic property in spin
guantum-cross structure

Photovoltaic devices/Solar cells

Density functional theory

Many-body perturbation theory

Clean Unit System Platform
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SEIRRERERARIITZT B Laboratory of Functional Thin Film Materials
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Thin film materials science towards novel functional properties
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We fabricate high-quality thin films to extract the intrinsic property which has been unable to be extracted from

the data measured with dirty polycrystal such as ceramics or extremely small single crystal. We would like to
design novel electronic devices with the high-quality epitaxial thin films.
We are very interested in low-dimensional electron transport. Since the electronic structure at the surface and/or
interface (several nanometers in thickness) of material is completely different from the solid interior due to the
differences of the work functions and chemical potential, surface and/or interface exhibits a variety of interesting
electronic / ionic conductivity. We use single-crystalline films to clarify these interesting phenomena that occur at
the surface and interface, and model them to propose new material design.

Film growth & device fabrication of functional oxides: As represented by YBa,CusO,, which is known as a
high T. superconductor, most complex oxides are considered to have a complicated, layered crystal structure.
Since such complex layered oxides are regarded as superlattices in the atomic/molecular layer laminates, one
may expect that they show a variety of interesting physical properties. We fabricate epitaxial thin films of complex
oxides having complicated crystal structure and develop electronic devices.

Low dimensional electron transport: One key to extract the interesting features of metallic oxides is low dimen-
sionality. There are two methods: fabrication of artificial ultrathin superlattices and external electric field applica-
tion. Low dimensionality makes it possible to extract outstanding physical properties such as huge thermopower
which is useful for the energy application.

Research Interests

® High-quality epitaxial film growth of electron conducting oxides

® Water electrolysis induced electric field modulation of extremely thin two-dimensional electron gas in oxide
semiconductors

® AFM lithography induced electric field modulation of extremely narrow one dimensional electron gas in oxide
semiconductors

® Nanoionics: Thin film growth of oxide solid electrolyte for all solid state battery

EERRES R TIEAWC ie

Section of Biology and Life Sciences
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FO—0 PEREERFEORADAHL LT, ELEMBORESE] L
DEBEHECT/ TU - NAFTRAGHEBEORRICEIRT 5 £3KIC.
LUVERVCERKISANERITET,

Based on the platform technologies such as imaging and the control
of molecular arrangement using nonlinear optical processes, this
section strives to develop new methods for the analysis of life functions
that afford “in vivo” observation and manipulation of live individual
organisms and deep tissues in order to realize cell signaling systems
and emergence of biological functions, and to create a supramolecular
structures through the self-assembly of DNA, proteins, and
nanoparticles. These studies will not only elucidate the functions of the
biological molecular networks that form the foundations of life but also
contribute to the development of cross-disciplinary fields, including “light
and cell or brain science” and a combination of nanotechnology and
biology area, that are expected to lead to new treatments and clinical
applications
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Creation of “photo life-science” by novel light
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Our group aims to advance new bio-imaging technology for functional analy-
sis of photo-visualization and photo-manipulation by ultra-short pulse laser as
well as photo-activatable molecules, electrophysiology, biogenetics. This
method will explore basic researches on neuroscience, metabolism, and cancer
research to open new fields of photo-neuroscience, or photo-life science.

These advances of bio-imaging will give us insights on emergence of specific
function to hierarchies of biomolecules, cells, and organs. Our newly developed
“invivo” multi-photon microscopy enables to deeper layers of live organs, and we
have successfully observed the deepest layer in live mouse brains to carry out
live imaging of intact neurons in all cortex layers and hippocampal CAl. We also
develop a super-resolution microscopy by using a novel laser “vector beam”.
We have proved the existence of “sequential compound exocytosis”. By these
microscopic techniques, we will investigate molecular bases of the laterality and
the development of brain.

Currently we get on with collaborative works of other universities, national
institutes and companies. These applications for physiological and pathological
researches in a wide variety of live organs, including bone, cancer, immune and
skin, will explore a new field of “photo-life science” in the intact body.

“in vivo” imaging of mouse brain.

Research Interests

® "in vivo" bio-imaging in live specimen by utilzing non-linear optical or
multi-photon excitation processes induced by ultra-short pulse laser

® Application of a new laser "vector beam" for life sciences and for "super
resolution imaging”

® Functional analysis for brain and neural secretion and underlying molecular
mechanism

® Pathogenic mechanism and treatment in cancer, diabetes, liver drug me

tabolism, and immune system Super-resolution microscopy

by HRP beam.
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Development of Functional Molecular Devices Inspired by Biosystems
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Bioorganisms are capable of efficient energy transformation, selec-
tive syntheses of biomolecules and interactive information processing.
All these processes are based on effective molecular recognition in
highly organized supramolecular assemblies. This research group is
concerned with the construction of hierarchical molecular devices by the
combination of nanosize molecular assemblies with micron-size struc-
tures derived from dissipative processes. The following themes are in
progress.
(1) DNA (deoxyribonucleotide) brushes have been fabricated by the
enzymatic polymerization of oligonucleotides immobilized on a
substrate, such as a superior adhesive substrate with high selectivity.
(2) Prc.)tein-ass,:e.mbllies using v_irus-capsid prote?ns ha_ve peen explqred. () Mechanism of virus-based drug delivery
Chemical modification of proteins can allow the inclusion into and stimu-  systems. (b) Confocal images of the cells after
lus responsive release of drugs from the virus capsules. This is suited to the exposure of virus capsules modified as
the development of drug delivery carriers. glutathione responsive drug delivery carriers.
(3) Metal nanoparticle-assembly through surface modification has been
studied. Assembled metal nanoparticles can be applied to chemical
sensors or drug delivery carriers.
These fields of studies aim to develop functional molecular devices
such as chemical sensors, cell culture substrate, and virus-based drug
delivery carries.

Research Interests

® Creation of the DNA brushes as superior substrates

® Fabrication of virus-based drug delivery systems

® Development of metal hanoparticles assemblies through surface
modifications

® Development of functional gels with excellent mechanical or optical

characteristics Fabrication of Gold Nanoparticles Vesicle.
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_ Laboratory of Physical Ethology
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A rise of Physical Ethology

EEYOBESE—EREDESITLTEAREINEIDTLEIN? E@RPATLRAEORRULED L < A(F.
HRFUIYERNOSHICESFET. TORKDOEHERBAE L CEREMVESNTELFRVEETY,
CHICRYBELZ &F, ERZEMELT. AHZOLODERZROET . £Wo LWVEBRLEDHZZIRA S
CENTENE, NAORBREIZHELADRNA VA —T 2 —REEL M EDCDHLEVNIM/ R—=2 302D
BHRYES,

Far=bl3. BHEAEMETEHRRE LT, EYOBERLERIOS S ERRICLIYFML, S5I2EDLLH
EESATIVADBERANRALELS ELTVEY, BEMAGAHZEN LT, T/ OEFHENN O EDTEA~E
PURAATVEY, DWHIEERFRLEOFERANDIFRTY . TDHIC, BRORRLT 4 —ILFEREZ, £
EYELHRZOYEZE S VIFREZEEFRALEY .

MET—<

FA=\DBE MIW=2EGHMOERT LT XLDIFEKR
ERZOS LR V2 —7 2 —XDHRHEHDIER
HMBEYDITE & BRLIEBIEDO AR ATORH
EMITEDOZHELEZRMEZIBS T4 IV XDOfEH
ERR T LORAFRERR|A S 5RAE  FIK EHEEDREL
NAFLAOP—IC&BEREED HFHED R

Amoeba Proteus Paramecium Tetrahymena Physarum roseum Physarum (fruit-body)

How will the capacity of solving a problem in creatures be brought about? This is a tough question that has been
studied so far by scientific minds of every different period since ancient Greek times. Tackling the question as basic
science, we expect to deepen understanding of human being itself, and to contribute toward technological innova-
tion of new design for human-friendly interface to machines and robots.

We select single-celled organisms as main research object in order to evaluate high ability for information
processing by experiment, and we elucidate the mechanism from a dynamical system point of view. Our research
strategy is that, by using an advantage of simple organization of body, we describe behavioral intelligence of crea-
ture in terms of physical equations of motion. It is an exploration to an origin of organismic intelligence. To do that,
we like to use theories, experiments and field works, based on biology, mathematics, physics and information
science.

Research Interests

Searching for an elementary algorism of behavioral intelligence that may be common from amoeba to human
Searching for design method of human-friendly interface to machines and robots

Developing an imaging technique for observing the physical processes of behavior in single-celled organisms
Exploring the equations of motion that enable diversity and flexibility of behavioral patterns in organisms
Optimization of structural shape and function based on a theory of biological adaptability

Mechanics and rheology in locomotion of lower organisms

Hydra Chiton Earthworm Caterpillar Centipede
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BMAMIRIZR 9EF  Laboratory of Complex Systems Research Group
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The study of life by means of complex systems science
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The aim of this laboratory is to clarify the complexity embed-
ded in various biological phenomena, which may emerge over
multi-scales of space and time. Biological systems express a
specific complexity, which typically appears in cell differentiation
and also in functional differentiation. In cell differentiation, for
instance, it is not, in advance, determined that which part of
embryo becomes eyes. All organs are organized in accord with
the development of an individual as a whole system. A similar
organization is observed in the functional differentiation of the
brain. Awhole brain acts as a system, in which all cortical areas
such as a visual cortex are organized in accord with the devel-
opment of a whole brain. In this laboratory, taking into account
these characteristics, we would like to construct a new system
theory, that is, a complex systems theory, based on the inten-
sive studies on various topics described below.

Transgenic cricket.

GFP gene was expressed under the control of the
eye-specific promoter. GFP fluorescence was
observed in the compound eyes.

Research Interests

Mathematical modeling of higher functions of the brain
Nonlinear dynamical systems and chaos

Mathematical modeling of self-reproduction and
self-reorganization

Experimental studies on insect olfactory systems
Mathematical studies for biological evolution
Experimental studies on the neural mechanism for insect
decision-making on competitive behaviors
Hetero-coupled chaotic dynamical systems

Confocal image of a gain-control neuron in insect
mushroom body (above) and a typical neuronal
response to odor stimulus (below).

DFEEBIRINZE 8P  Laboratory of Molecule & Life Nonlinear Sciences
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Bridge Molecules and Life
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Biological system is composed of molecules, cells, tissues,
organs, etc with their hierarchical complicated interactions.
Resulting from a stimulus on the microscopic level, the system
can perform meso- and macroscopic functions robustly even
under thermal-fluctuating environment. Such functions can be
rationalized as a sequence of structural changes involving
chemical reactions triggered by the stimulus across hierarchies
of time and space scales. There exist two distinct strategies to
explore the mechanisms of such biological systems, that is, an
anatomical bottom-up approach which builds the system from
the microscopic molecular basis, and a constructive top-down
approach in which one develops (phenomenological) models to
capture some essential aspects of the biological systems. How-
ever, the former solely articulates the composite elements and
the latter does not exclude possibilities which end up with
models far apart from the reality because of the modeling. The
main goal of our laboratory is to understand the fundamental
principles of chance and necessity of “change of states”, and to
construct new concepts and methods to bridge the gap between
such two approaches for biological systems, enabling us to
unveil the mechanisms that bridge molecules and life across
hierarchies in time and space.

Two trajectories on an energy landscape,
both beginning in the reactant region, one,
orange, crossing the saddle to the product,
but the other, green, returning without under-
going the reactions. The phase space
geometry provides a transition state that can
rigorously predict the fate of these trajecto-
ries.

Research Interests

® Chemical and Biological Physics: Origin of chance and
necessity in changes of states in chemical reactions and
biomolecular dynamics

@ Single Molecule Biophysics: New single molecule time series
analysis to let the system speak for itself

® Information flow across hierarchies of time and space and its
relation to functions, adaptability, robustness and emergence
in complex biological systems ; . . - .

® Application to biological system by single molecule spectros- ton ?f an interdye distance as a ‘microscopic

Pp g y y 9 p ruler” with the underlying time-dependent

copy state space network.

An illustration of single molecule detections
that enable us to monitor the dynamic fluctua-
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Eﬂﬂ@@f@%?uyﬁ‘ﬁﬁ%ﬁﬁf Laboratory of Mathematical Modeling
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Capturing natural phenomena from the viewpoint of the mathematical
sciences
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3D simulation of epidermal structure.

With mathematical modeling, numerical computation, and mathematical analysis
forming the foundation of our research, we aim to understand biological and other natural
phenomena from the perspective of the mathematical sciences.

Mathematical modeling is the imitation of phenomena through numerical formulae. By 3D simulation of cleavage of sea
replicating phenomena on a computer via numerical computations, one can unearth the cucumber using a phase field method.
essential mechanisms hidden within the phenomenon. Moreover, mathematical analysis
makes it possible to establish general mathematical structures for the target phenom-
enon. These structures enable one to give a common understanding to the underlying
mechanisms of numerous different phenomena.

The nature of our research also includes joint work with other groups working in the field
of experimentation. In particular, our mathematical modeling of the skin barrier function is
collaboration with enterprise researchers and, through our analysis, we are expecting
applications of our research related to antiaging and to the treatment of skin diseases.

Also in mathematical biology, we study models for cleavage (cell division), and the ] ] o
locomotion of amoeba cells. In addition, we work on the mathematical analysis of Physa- S'mUIat'o.n of liquid droplet

. K O i . condensation atop a complex
rum, planar cell polarity, and gait transitions in quadrupeds—the latter studies are surface.
expected to see practical use in the robotic engineering of biological motions.

Additionally, by using numerical techniques for global bifurcation structures, we investigate pattern formations in reaction-
diffusion systems, and we study the motion of liquid droplets, bubbles, and grain boundary growth, via variational techniques.
These problems are tied to the development of mathematical methods for the model equations, and are also an important
theme of our research.

Research Interests

@® Mathematical analysis of self-propelled materials

@® Mathematical analysis of epidermal structures and skin diseases

@® Formulation of biological models

® Mathematical analysis of self-propelled phenomenon using minimizing movements
@ Pattern formation in reaction-diffusion systems

B —>F /54 /O —

| —

Green Nanotechnology Research Center
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With the aim of achieving nanotechnology-based green innovation,
this research center strives to study high-efficiency and wide-band solar
energy conversion systems, sub-wavelength devices designed for
efficient use of photon energy, ultimate energy-saving network
interfaces such as high-efficiency quantum state conversion elements,
and materials for the complete separation of carbon dioxide at room
temperatures. The outcomes of this research have led to large research
projects such as the “low-carbon research network core project”, and
organic academic-industrial alliance research.
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D)= ITANZT AR EF  Laboratory of Green Photonics
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Efficient Creation of Energy by Nanostructures
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Photoemission electron microscope image
of nanogap gold dimer structures
with 800 nm fs laser irradiation.

We study on highly efficient optical antennae based on metallic
nanostructures, and develop solar cells as well as artificial-
photosynthesis systems which evolve oxygen and hydrogen as a
result of a photolysis of water.

Since the probability of light matter coupling process is not so
large originally, effective utilization of light in optical devices is
needed. We have recently elucidated the possibility of plasmonic
nanostructures as an optical antenna for visible and near infrared
light and enhancing light matter coupling process. Applications to
various fields are expected such as a solar cell enabling light
energy conversion with a small amount of substance.

Furthermore, the photoelectric conversion system employs
water molecules as electron sources. To study further detailed
mechanism of the light-energy conversion system, we also
address ultra-fast spectroscopy and imaging for the purpose of
pursuing electron transfer dynamics from optical antenna to
semiconductor electrode as an example. We also study on the
development of artificial-photosynthesis systems such as
plasmon-induced water splitting and ammonia production
systems which attract attention as an energy career.

Plasmon-enhanced photocurrent generation with
visible and near infrared light.

Research Interests
® Localized Surface Plasmon
@® Near IR Solar Cell
@ Atrtificial Photosynthesis
@ Design of Optical Antenna
@ Metallic Photonic Crystals
Visible plasmon-induced water splitting.

KBTI /MREIFZE S EF  Laboratory of Nanostructured Functional Materials
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Novel photonic and electronic functions using nano-structures
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Periodic structures with a period smaller than wavelength are valuable for several artificial optoelectronic func-
tions such as strong optical anisotropy, dispersion, optical confinement, etc. This laboratory aims to develop next
generation photonic devices using advanced processes including lithography, etching, nanoimprint. Especially, the
fundamental researches are addressed on the exchange or profile control of ions in solids under applying an
electric voltage in order to alter the optical or electrical properties. Furthermore, the complete exchange of alkali to
proton in glass is challenged using a non-contact or a catalytic metal electrode.

On the other hand, the control of electron spin in metal materials will open up new opportunity to create novel
functional devices and materials, which cannot be realized in the conventional electronics. This research field is
called “spintronics”. This laboratory also challenges to open up a new scientific research field and create novel
nanoscale devices and materials by incorporating nanostructures and optics to this spintronics.

Research interests

® Sub-wavelength Photonic Devices

@ Proton Conductive Materials

@® Nanoscale Spintronics Devices

@ Optical and Magnetic Properties in Magnetic Nanostructured Materials
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j’/ﬁ'ﬁﬁ%ﬁgﬁﬂﬁﬁ%ﬁj\ﬁf LLaboratory of Nanophotonics
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Quantum Control of Electron-Photon InteracUons with Nano-Photonic
Highly Functional Materials and Structures
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Next-generation highly secure information networks require photonic devices based on new concepts and high
functionality. Our laboratory develops nanophotonic highly functional materials and devices by (l) Preparation of
nano-structures such as quantum dots to control electron number states, (Il) Development of technique to convert
individual photon polarization state to electron spin state and vise versa through quantum dots, (Ill) Preparation of
nano-photonic structure and coupling to quantum dots to control photon generation processes, (IV)
Superconductor-based new photon generation processes and development of new paradigm based on supercon-
ductor and optoelectronics.

Research Interests
@® Growth of semiconductor quantum dots and spectroscopic studies of single quantum dots

@ Photon correlation measurements and generation of single-photon and entangled photon pairs from single
guantum dots

@ Conversion of photon-electron quantum states via quantum dots
@ Fabrication and simulation of metal-embedded quantum dots and study of on-demand photon source
@ |Interdisciplinary research on superconducting photonics and its applications

Proposed scheme to generate entangled photon pairs with
recombination of electron Cooper pairs and holes in a
quantum dot.

Photon correlation measurement result to show photon
anti-bunching of photons emitted from a single quantum dot.
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Towards the Realization of Functional Materials Using Molecular Assemblies
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Ferroelectricity and polarity control in solid-state
supramolecular rotators.

Towards the realization of functional materials using
molecular assemblies, we develop the “Integrated Molecular
Systems” through molecular-assembly processes, which are
further assembled into molecular nanodevices for future com-
puting systems and high-performance porous materials.

To obtain integrated molecular systems through bottom-up
self-assembly processes, we program each molecule in
advance to have a scenario for assembling into highly
ordered and complex structure. We evaluate the structure,
electronic and porous properties of the molecular systems
and fabricate nanoelectronic devices using the molecular
systems as active units and applicative porous materials.

We are now studying on (i) supramolecular structures of molecular rotors and ionic channels with molecular
conductors and magnets toward the development of novel functional molecular systems, (ii) thin films and nanome-
ter size units such as gold nano particles from the integrated molecular systems toward molecular electronic
devices, and (iii) porous metal complex assemblies constructed from metal ions and organic molecules via coordi-
nation and hydrogen bonds. In addition to organic molecules, we use inorganic molecules and metal complexes as
target molecules.

Porous metal complex assemblies with high
selectivity and low-energy regeneration
for carbon dioxide gas.

Research Interests

@ Molecular conductors, magnets and dielectrics with supramolecular functional units
@ Solid state molecular motors

® Assemblies of gold nano particles and device application

@® Supramolecular assemblies with polyoxometalate

@ Porous materials for carbon dioxide separation

@ Porous materials made of cheap raw materials
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TBFEEERTIT B Laboratory of RIKEN Alliance
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Functional optical materials and devices
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Laboratory of RIKEN Alliance is expecting to develop new science and technology in optics and photonics fields
by combing knowledge and techniques of the Research Institute for Electronic Science, Hokkaido Univ. and
RIKEN. We are developing new methods for controlling the propagation of the light (photons), and apply them for
high efficient photovoltaic devices, photocatalytic materials, and optical quantum devices.

We are developing new photon trap device using plasmonic interaction of photons with nanometer scale metal
structures. We are fabricating intricately-shaped metal nanostructures using electron beam lithography and femto-
second laser processing, and evaluating their optical properties from the wide-bandwidth spectrum from UV to
far-IR. Numerical calculation of the electromagnetic field is also done and its results are fed back to the experimen-
tal parameters.

B
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Research Interests

@ Strong field coupling of light with nanometer scale metal structures and their application for high efficient func
tional optical devices

Electron beam UV-VIS-NIR Spectrophotometer Scanning electron microscopy (SEM) images of
lithography system gold nanostructures (The underline of SEM
images is 200nm.)
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A A—3)>4 1>/ — Nikon Imaging Center (http://nic.es.hokudai.ac.jp)
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Providing, Improvement and Development of Bio-imaging Technologies

Nikon Imaging Center http://nic.es.hokudai.ac.jp
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The Nikon Imaging Center at Hokkaido University
(NIC@Hokudai) promotes the improvement and development of
bio-imaging technologies and their application to the life sci-
ences. The NIC@Hokudai also aims to facilitate cooperation be-
tween enterprises related to microscope technology, and to par-
ticipate in both educational research and international ex-
change.

High Speed Laser Confocal Microscopy.

Activities

@ To provide an environment for basic research with state-
of-the-art microscopy and imaging equipment

@ To provide training courses on basic and advanced mi
croscopy

® To develop new microscopy techniques incorporating
specific user requirements

Multi-Color Fluorescence Microscopy.

Real-time Confocal Microscopy. TIR Evanescent Microscopy.

SOBEHEEHEEEZ  Promotion Office for International Alliance
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Promotion of New Academic Joint Research with Domestic

and Overseas Institutes
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ACS Nano 2012, EMBO Journal 2012, Adv. Mater. 2012,

Nature Materials 20134th

The Research Institute for Electronic Science has academic exchange
agreements with three research institutes in Europe and U.S. and three
research institutes/centers in Asia to promote exchanges of staff mem-
bers and students, and joint operations including joint-symposiums and
joint research projects. The Promotion Office for International Alliance
which was established in 2012 aims to take the role in planning and con-
sulting to build an international coordination and to strengthen collabora-
tive works as a hub of international networks by developing International
coordination. We are also planning to launch a program to enhance a
global collaboration among the networks of both domestic and overseas
institutes.

Examples of International Cooperation Activities

@ Annual international symposium with guest speakers from overseas,
the theme of this symposium is expressed as a single letter in Chi-
nese characters.

® Academic exchange agreement with overseas institutes (three
research institutes in Europe and U.S. and one research
institutes/centers in Asia, as of December, 2013)

@ Bilateral joint research programs supported by the Ministry of Educa-
tion, Culture, Sports, Science & Technology in Japan, Japan Science
Technology, Strategic International Research Cooperative Program,
10 programs, as of 2007-2013

® Awarded Human Frontier Science Program Grant Prizes Awards

which promotes interdisciplinary collaboration in biology constituting

more than two countries(Awarded one in 2007, two in 2010, and one

in 2013)

Awarded Ig Nobel Prizes in 2008 and 2010

Awarded a Daiwa Adrian Prize which is given to a significant scientific

collaboration between British and Japanese research teams (2010)

@ Significant achievement of international joint research; Science 2007,
2010, PNAS 2008, 2011, ACS Nano 2012, EMBO Journal 2012, Adv.
Mater. 2012, Nature Materials 2013, etc.
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o+ /T OEERET  Promotion Office for Nanotechnology Collaboration
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Promotion of Advanced Research through Nanotechnology Support
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Clean room: Class100 and Class10000.

Promotion Office for Nanotechnology Collaboration supports research
and development of new nanodevices and new nano materials to control
photon, electron and spin by nanofabrication and nano-charactarizaton
and analys. Especially, based on the concept of “the integration of open
advanced facilities and technology”, applicants are able to research on
nanotechnology and use the instruments without any investment for
expensive equipment. RIES has ultrafine processing facilities including
three ultra-high precision electron beam (EB) lithography systems, a
plasma CVD system, an atomic layer deposition system and some dry
etching systems in our clean room, and nanoanalysis facilities including a
spherical aberration corrected Scanning Transmission Electron
Microscope (CsSTEM) system for an atomic resolution analysis, a
focused ion beam (FIB) system and X-ray Diffraction (XRD) systems.

In addition, Hokkaido University is selected in “Nanotechnology
Platform Program” and “Low-Carbon research network Japan (Lcnet)
program” under the support of the Ministry of Education, Culture, Sport,
Science and Technology (MEXT). We offer technical guidance and
consultation regarding research, technology, and product
strategy.

Electron beam lithography system.

Main Objectives

@ Support for micro-nanofabrication

@ Support for nano-characterization and analysis of
materials

@ Promotion of nanotechnology collaboration

@ Consulting services for nanotechnology research
CsSTEM (Right) and an atomic resolution STEM image of SrTiOs (Left).

% fif Zf Division of Technical Staff
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Technical Support and Equipment Development

EMrEpE s R 7 LRAFEEMYLE -/ I - HBEMY. EEFRRBEMYE BBIEE - HSRXAITEE)MSED,
VAT LBERBEMIIL®R - BEHR - Ry T —9 - HARFOD T TYA FEEB, —a A A=V E—D
BfiXEEE T o> TS, 7/ MI - sHARMEY ) — VI —LRUHEARGOMHIFESE, FIFEE,. /0T -
HAET-oTHEY. FALICATIRMHERLZI TS, AR ERLSERICEHLIEHE L TRITESR
SOREBRARRAE LEERBEADZLETSLLEDXELT o TS, EERERMIIE. AESF L
YBFEINIEHHREEBREI[ORRE - WEICHz-o T D, HHIEZTE. NCINI#EZFRAL-EE - #iE0R
FEMIASTICERE (SUS, AL) BT ZAWVTEZ K DEBEEDRFE - EZFITo TS, EEIE=RTCADEAL=%
HMAHZEAB LTS, HSRAIEETIER, RZELUX - TYXLEOMIT ERE, AT LA AEBEA
DAN—ILENLTOHEFDRE. TOMKET 17—, FEEECLILOEEFITH>TIVD, £-RVEIFTH
Mo DMK, EBRELREORNXBERICLEZ TS,

Technical Division in the RIES is composed of System Development Team, Nanofabrication and Measurement
Team and Equipment Development Team containing workshops of machine and glass. System Development Team
handles the managements of public relation, information network, website, and technical support of Nikon Imaging
Center. Nanofabrication and Measurement Team handles the maintenance and the guidance of clean rooms and
open facilities, the nano-machining and measurement, and also provides consultation of these technical matters.
These two teams support the full participation events such as academic meetings, safety training program for liquid
nitrogen handling to which all of the researchers and also support the technical matters related to the conferences.
Equipment Development Team takes charge of the development and fabrication of custom-designed experimental
equipments requested by each laboratory. Machine workshop is developing several experimental equipments
using NC processing of metals and/or resins, and also TIG welding of stainless and aluminium. Recently, we
provide the consultation for equipment designs using 3D CAD. Glass workshop develops several optical lenses
and prisms by processing and polishing, an adhesion technique of glasses to a stainless apparatus using a koval
between them, and fabrication of a large Dewar vessel and quarts cells. We also provide the consultation from
outside of the RIES and the fabrication support of equipments.
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Activities

_ﬂrxbix\sﬁ Open House

BEFRFEMRMTIE. HIFE. 6AOIRREELMPIC. —BAMEERLTUVET, 2008FICEFHFERR
I REY NN F v U NRITBELIZZ EITHED, 2001EEMASFIdF v /X THELTVLET,
KEAXRRTELIPRF v UNRZIN D LEENT-1=0, L18EMLrADEIL— (BERESYVV—) %
BHETITORENDIXRERE L LEL I, 2013FEDRBZERFTNOAZEZ, FELMORATTEZLOM
ROARAZHFOREZICANDIBIFDIHZ LY F LT,

RIES is annually open to the general public during Ve ™~
the Hokkaido University Festival period in the month of
June. With RIES having moved to the northern campus
from the central campus in 2008, the RIES Open House
has been held in the northern campus from 2011. As
the northern campus is at some distance from the
central campus, which is crowded with people visiting
Hokkaido University Festival, we have made efforts to
improve accessibility for visitors by, e.g., operating
velotaxis (bicycle taxis) for free from the North 18 jo
gate. The number of visitors in 2013 surpassed 1,100,
and the RIES Open House provided people of all ages
with an excellent opportunity to experience state-of-
the-art science.

Activities

B)’%:/\Jl_ﬁ):/'jh International Symposium

BEFREHAERTE, 199F & YRMBICERS VROV LZRELTVWET, COVURIDVARK, K. B
B, &A@, HEOLFTERNGIELVEEZBET S LNENT., BEDBORME LS/ A—2 3 VOME
[CENBDEEATVEY .. EEEDVURIIVLENRENIZ, T—IYEZHREL. TORNBTE—XFDEFTEK
BWLTEFEL, UTFIE, CIBEDT—IEOLNIZEFTT,

RIES has held the international symposium every year since 1999. This symposium aims to establish an interna-
tional relationship among researchers in the scientific fields of “photonics and optical science”, “materials and
molecular sciences”, “biology and life sciences”, and “mathematical and system sciences”, which motivate us to
merge the several advanced topics in such different scientific fields and to accelerate the innovations in interdisci-
plinary research fields. The aim of each symposium has been symbolized by a single “Kaniji” (Chinese Character).

Followings are recent characters and memorial photographs.

The 14th RIES-Hokudai International Symposium(Dec. 2013, Prof. Komatsuzaki)

2012 2011
Understanding and application Observation of scientific

2008

2009
Discovery of hidden Development of theories for complex

of rules in science fundamentals mechanisms or rules systems such as living cells and
(Prof. Sasaki) (Prof. Nishii) in nature macromolecules
(Prof. Nagai) (Prof. Tsuda)
[Bi] [Chou]
2007 2006

_ 200 2004
Creation and development Understanding of Creation of new paradigms Exceed something

using nanoscience and of sciences or
nano-technology nanotechnology on life go across over something
(Prof. Misawa) (Prof. Tsujii) (Prof. Ueda) (Prof. Nakamura)
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Section of Material and Molecular Sciences
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Panoramic View
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Campus Map
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