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FOREWORD

Since it was launched in May 1996, the Institute of Advanced Energy
(IAE) has pursued research aimed at the development of energy science and
the creation of advanced technology that drives it. This work, which is out-
standing both in terms of environmental harmony and social acceptance, is
conducted by 3 divisions and 14 research sections (including two with guest
researchers) that engage in research on energy generation, conversion, and ad-
vancement, as well as the Laboratory for Complex Energy Processes, which
specializes in highly project-oriented cross-disciplinary R&D. Under the new
university operation guidelines that took effect when the institute became a
National University Corporation in 2004, IAE pursued its first six-year medi-
= um-term plan (2004-2009) and associated goals. In the current academic year
\ (2013) IAE is entering the second half of its second medium-term plan and
% goals (2010-2015).

IAE is leveraging its track record and strengths as a research institute to
focus on “advanced plasma and quantum energy” and “photon and energy nano-science” as fields of vital impor-
tance. It is devoted to R&D on nuclear fusion and advanced atomic energy, for which these disciplines serve as a
scientific foundation, on distributed energy sources, typified by sunlight and biological systems, and on the ad-
vanced materials and effective energy utilization systems that support these technologies.

Since AY2011, IAE has been recognized by the Ministry of Education, Culture, Sports, Science and Tech-
nology as a Joint Usage/Research Center for Zero-Emission Energy Research (2011-2017) and has been func-
tioning for three years. In the current academic year, IAE is undergoing an interim assessment and this research
center was evaluated as “increasing its research performance in a wide range of fields, from scientific fundamen-
tals to technological application in advanced energy.” In the coming years we plan to ramp up our efforts in the
areas of zero-emission energy research and community formation.

This academic year, IAE was also approved for the development of “innovative strategy for highly efficient
utilization of solar energy” (by the Ministry of Education, Culture, Sports, Science and Technology: 2013-2018),
with the expectation of advancing energy research based on new bio, optical, and nano-technologies. Further-
more, in addition to pursuing research on boosting the performance of nuclear fusion plasma and on technology
for the recovery and utilization of nuclear fusion energy, through a bidirectional collaborative research program
with the National Institute for Fusion Science, the “Promotion program of cooperation between industries and
universities/national institutes by using advanced facilities” (2013-2018: Ministry of Education, Culture, Sports,
Science and Technology) was started, in which IAE is actively performing joint research through industry-gov-
ernment-academia partnerships.

This year’s report summarizes the IAE’s research findings for the year. Three years have now passed since
the Great East Japan Earthquake of March 2011, and amidst the persistent effort toward recovery by the Japanese
government and people, the role and responsibility of universities have become even more important. Recogniz-
ing this, Kyoto University is working hard on a variety of fronts, to redefine its mission as a university, to formu-
late educational reforms and innovations, and to promote greater internationalization. In view of this, IAE feels a
strong sense of social responsibility, to keep striving, harder than ever, as a key organization for energy research.

i

March 2014

Yasuaki KISHIMOTO
Director

Institute of Advanced Energy
Kyoto University
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Advanced Energy Generation Division

Quantum Radiation Energy Research Section

H. Ohgaki, Professor

T. Kii, Associate Professor

H. Zen, Assistant Professor

(T. Hori, Specially Appointed Professor)
(K. Miura, Specially Appointed Professor)
(Izuru Daito, Researcher)

(Janewit Wannapeera, Researcher)

1. Introduction

Coherent-radiation energy with wide wavelength
tunability, high power and high efficiency is quite
promising in the 21st century that is sometimes called
the "era of light".

The research in this section aims at developing the
technology to generate new quantum-radiation energy
and apply the radiation in various fields; atomic energy
including plasma heating, energy transportation in the
universe, material science, material synthesis, electronic
device, medical and biological science, etc.

Free-electron laser (FEL) is one of the powerful
candidates for the new quantum radiation, and it is
sometimes called the light source of next generation.

2. Free-electron Laser

FEL is regarded as a light source of the next genera-
tion because of its wide wavelength tunability where the
conventional lasers cannot reach, potential high effi-
ciency, and high power. However, the system is usually
much larger and the cost is higher than conventional la-
sers. We are going to overcome these difficulties by ex-
ploiting an RF (radio-frequency) gun, an energy recov-
ering system, an undulator, etc.

2.1 KU-FEL

The target wavelength of KU-FEL is MIR (Mid in-
fra-red) regime, from 5 to 20 um. The tunable IR laser
will be used for basic researches on energy materials
and systems, such as high-efficiency solar cells, energy
conversion in bio materials. Figure 1 shows a schematic
drawing of the KU-FEL system. The KU-FEL consists
of a 4.5-cell thermionic RF gun, a 3-m travelling wave
accelerator tube, a beam transport system, and a 1.8-m
undulator and an optical resonator.

We have installed the 1.8-m undulator as the re-
placement of a 1.6-m undulator which has been used for
FEL lasing. At the same time, the optical resonator mir-
rors have also been replaced with new ones for smaller
optical loss and higher gain. Then the predicted tunable
range of KU-FEL was at least 5-16 um. After some ef-

fort to obtain good operational condition, we achieve the
tunable range of 5-20 um.

Another topic of KU-FEL development is introduc-
tion of photo-cathode RF gun, which enables us to gen-
erate higher peak power and wider tunable range
MIR-FEL. Development of an UV-laser system for il-
luminating photo-cathode has been started under collab-
oration with Dr. R. Kuroda, Researcher of AIST. In this
fiscal year, generation of enough high UV-laser power
has been achieved and first multi-bunch photo-electron
beam was generated from LaBg cathode. The amount of
electron in one electron bunch is not sufficient for driv-
ing FEL. Therefore, further adjustment is required and
will be performed in next year.

Thermionic rf gun

3.0m

Optical resonator

Fig. 1 Schematic drawing of the KU-FEL

2.2 MIR-FEL Application in the Energy Science

Mode-selective phonon excitation (MSPE) is im-
portant issue for the bulk solid material to develop the
energy saving devices. A mid-infrared (MIR) pulse laser
is suggested as a tool for MSPE. However, MSPE by a
MIR pulse laser has not been demonstrated directly.
Therefore, the direct demonstration of MSPE by a MIR
pulse laser was conducted via anti-Stokes Raman scat-
tering measurements of 6H-silicon carbide (SiC). A MIR
free electron laser (KU-FEL : MIR-FEL) was used as a
MIR pulse laser. Irradiation of SiC with MIR-FEL and a
Nd-YAG laser at 14K produced a peak where the Raman
shift corresponds to a photon energy of 119 meV (970



cm™ : 10.4 um) as shown in Fig. 2. This phenomenon is
induced by MSPE through the irradiation of MIR-FEL,
whose photon energy corresponds to the pho-
ton-absorption of a particular phonon mode. Herein,
MSPE by a MIR pulse laser on 6H-SiC was demon-
strated directly by anti-Stokes Raman scattering spec-
troscopy.
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Fig. 2 Anti-Stokes Raman scattering spectra with and
without MIR-FEL (10.4 pm) irradiation at 14 K.

3. Bulk HTSC Staggered Array Undulator

An undulator or a wiggler with strong magnetic field
will play an important role in future synchrotron light
sources and free electron lasers. We proposed the bulk
high critical temperature superconductor staggered array
undulator (Bulk HTSC SAU) in order to generate a
strong periodic field. The Bulk HTSC SAU consists of
stacked bulk high-Tc superconductors (HTSs) and a so-
lenoid magnet which is used to magnetize the bulk
HTSs as shown in fig.3.

~<— Solenoid

© Bulk
superconductor
z K

RS A AT AT Magnetization vector
X E E| E E ® ®  Screening supercurrent
’ ‘ ¥t undulator field

Fig. 3 Conceptual drawing of the bulk HTSC SAU and
generation principle of the periodic undulator field using an
induced current.

Solenoid

We have constructed the prototype of the undulator
which consists of 12 pieces of GdBaCuO bulk super-
conductor and a superconducting solenoid. At the condi-
tion of 4, = 10 mm, gap =4 mm, and Toperation = 6 K, the
undulator field By of 0.85 T have been achieved. The
demonstrated field strength is stronger than the limit of
the conventional undulator using permanent magnet.

4. Non-destructive Isotope Detection using NRF

A Nuclear Resonance Fluorescence (NRF) meas-
urement is a powerful tool for investigation not only of
the nuclear physics, but also of isotope detection for the
homeland security such as a nondestructive measure-
ment of containers at airports or harbors, detection or
identification of special nuclear materials (SNM). The
required performances of the detector used in the NRF
facility are high energy resolution, high full energy effi-
ciency, and high counting rate. LaBr;(Ce) scintillator is
a strong candidate to meet these requirements because
of its superior energy resolution and high counting rates.
We have constructed a 8 LaBrs;(Ce) detector array
consisted of 1.5 inches in diameter and 3 inches in
length. The performance of the array detector has been
examined in the HIyS facility in Duke University, North
Caronia. We successfully obtained NRF signal from
25U target in 1.733 MeV resonance level by using the
array detector.
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Fig. 4 Spectrum of the NRF measurement in **°U by using
LaBr;(Ce) scintillator array detector.
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1. Introduction
Future energy could not be discussed without so-

lar The major objective of the study in this section is

to pursue advanced energy systems for the sustaina-

ble development under global environmental con-

straints. The studies described below are featured by

not only the innovative technology of energy genera-

tion, conversion and utilization systems. The atrac-

tiveness of the total energy system considered by the

socio-economic analysis of future society and mar-

kets in the global scale and the scope covering 21st

century and beyond is reflected. Typically, we

pro-pose a Zero-emission energy scenario based on

fusion energy for biomass-based recycling system.
The major studies performed in our laboratory

this fiscal year were as follows:

(1) Design of small and realistic biomass-fusion hy-
brid energy system

(2) Development of advanced fusion blanket and di-
vertor with liquid LiPb and SiC composite for
high temperature heat

(3) Conversion of waste biomass by endothermic re-
action to generate hydrogen and liquid fuel

(4) Design and analysis of DC microgrid system for
zero-emission electricity system

(5) Development of compact neutron beam using
newly developed cylindrical discharge device.

(6) Analysis of radioactive impact of nuclides from
fusion plants.

(7) Materials R&D for the above-mentioned issues

2. High-performance divertor system design for
advanced fusion reactor

The target surface of divertor takes high heat flux
from plasma in fusion reactor. Removal of heat gen-
erated on the surface of divertor is one of the most
difficult problems that should be solved for realiza-
tion of fusion reactor. Besides, high temperature heat
transfer medium should be collected for the efficient
utilization of energy. This study analyzed thermal
conduction behavior of composite material for the
application to the divertor target. Steady state analy-
sis was conducted using finite element method. Fiber
with circular cross section is arranged into matrix

regularly or irregularly to express actually produced
specimen. Mesh size of each model was 1um, and
directions of fiber to thermal conduction are 0, 45, 90
and degree, respectively. Uniform heat flux is applied
to the top surface of each model, and temperature of
the bottom surface in each model, is assumed to be
controlled at 600°C, assuming a large capacity cool-
ant at the stable temperature is fed to the surface. In
the steady state, temperature on top surface of each
model was measured 1um apart. Thermal conductiv-
ity of each model was evaluated by average of the
temperature. From results of analysis, calculated
thermal conductivity of the composite was enhanced
almost proportionally to volume fraction of fiber
when heat flux and fiber are parallel. However, heat
conduction was found to be affected by direction,
distribution and arrangement of fiber. Heat conduc-
tion in the composite was found to be rather compli-
cated and simple equation could not express it.
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Fig. 1 Thermal conductivity of composite consisting
of C-fiber (pitch) and SiC according to volume frac-
tion of fiber.

3. Operation scenario of DT fusion plant without
external initial tritium

Although tritium as DT nuclear fusion fuel exists
about 20 kg in the world, the most of trititum will be
burned and disappear after ITER operation. Now,
Darlington plant in Canada and Wolsong plant in
South Korea are merely available commercial source



of tritium, which extracts tritium from heavy water
reactor. When other DT fusion project will be started,
the quantity of tritium will be insufficient. Therefore,
in order to launch DT fusion project after ITER, the
proposal of management plan could be a critical issue
for tritium fuel reservation. It is widely believed that
initial loading of tritium is inevitable for fusion
plants.

We have proposed a scenario to obtain initial
tritium to reach steady state DT operation by DD
commissioning phase of the fusion plant. By the DD
reaction, resulted T and neutron that produces T in
the breeding blanket will be accumulated. A neu-
tronics of LiPb liquid blanket with 90% enriched
lithium-6 was evaluated with neutron transport code
MCNP-5.14 using FENDL-2.1 data libraries. System
dynamics code STELLA was used for the analysis of
tritium system and the scenario of the breeding. As
the result, calculated local tritium breeding ratio in
the blanket is 1.14 by DT neutron and 0.80 by DD
neutron. The required extension period of DD com-
missioning operation without initial tritium is esti-
mated closely 124 days, depending on the coverage
and inventory. These results reveal that launching DT
fusion projects without initial tritium is possible with
additional DD operation period to obtain extra tritium
to start up DT operation.
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Fig. 2 Time-evolution of trititum concentration in
plasma without initial loading against the different
TBR.

4. Study on flow instability for feasibility of a thin
liquid film first wall

This study proposes a probability of the evapo-
rated gas that agitates a growing instability wave in a
thin liquid film first wall. The liquid first wall was
considered to be in vacuum and the effect of the am-
bient gas was neglected but the evaporated gas by the
high energy fluxes is a probable cause of unstable
wave agitation. The criterion is approximately ex-
pressed by the density ratio (Q,) and the Weber
number (We) as Q, x We™ =~ 5 x 10™*. Performed in-
direct experimental supported this criterion. For a

case study of liquid Pb-17Li film with a velocity of
10 m/s, the evaporated gas pressure must be below
6.2 x 10° Pa to maintain stable conditions. By recent
study, this pressure is generated at 1600 K tempera-
ture and it is believed to be attainable by the energy
fluxes on the first wall. This result is so far not con-
firmed so the full verification by experimental is to
be performed.
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Fig. 3 The observed largest amplitude wave number
k ([J) as a function of Weber number (We). The the-
oretically predicted largest amplitude wave number
ksp (O) is also plotted. At We < 230, the observed
results agree with the theory. At We = 290, the ob-
served results deviate from the theory. A shift to an-
other wave mode is predicted to occur between 230
and 290, due to the decreasing growth time constant.

5. Neutronics and pumping power analyses on the
Tokamak reactor for the fusion-biomass hybrid
concept

A concern for the small power reactor including a
fusion-biomass combined concept is the coolant
pumping power which may significantly decreases
the apparent energy outcome. Thus pressure loss and
corresponding pumping power were studied for a de-
signed Tokamak reactor: GNOME. First, 3-D Mon-
te-Carlo neutron transport analysis for the reactor
model with dual-coolant blankets was taken in order
to simulate the tritium breeding ability and the dis-
tribution of nuclear heat. Considering calculated
concentration of nuclear heat on the in-board blan-
kets, pressure loss of the liquid LiPb at coolant pipes
due to MHD and friction forces was analyzed as a
function of fusion power. It was found that as the fu-
sion power increases, the pressure loss and corre-
sponding pumping power exponentially increase.
Consequently, the proportion of the pumping power
to the fusion power increases as the fusion power in-
creases. In case of ~360 MW fusion power operation,
pumping power required for in-board cooling pipes
was estimated as 1~1% of the fusion power.
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1. Introduction

Advanced and innovative control methods for the
collective behavior of charged particles are being
developed in this research section to bring about
enormous contributions to the human beings. Studies
of nonlinear interactions between charged particles
and electromagnetic fields are particularly empha-
sized. Main research subjects are now focused on the
following; improvement and understanding of con-
finement and transport in fusion plasmas, develop-
ment of heating and current drive systems using high
power millimeter waves, development of advanced
diagnostics in high temperature plasmas, develop-
ment and application of compact and portable neu-
tron/proton sources driven by fusion plasmas and
production/diagnostics of highly brilliant relativistic
electron beams for advanced light sources such as
free electron lasers.

2. ECRH Assisted Plasma Start-Up in JT-60SA
Superconducting Tokamak

In superconducting tokamaks, inductive toroidal
electric field applied for plasma production is lim-
ited generally in the lower range of 0.3-0.5 V-m™',
which makes stable plasma start-up difficult. The
method of electron cyclotron resonance heating
(ECRH) assist has been proposed to realize stable
plasma start-up and demonstrated successful result
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Fig. 1 Dependence of electron temperature on in-
jected ECRH power in the cases of different error
field of 1.0-10.0 mT.
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on JT-60U, DIII-D, and KSTAR. Recently, the
method is also planned to apply to the start-up of
JT-60SA superconducting tokamak plasma where
the device is now under construction in JAEA. The
main purposes of this study are to understand the
physical mechanism in the initial plasma start-up
phase and to examine conditions for reliable start-up
in JT-60SA.

In order to investigate the 2™ harmonic X-mode
ECRH assisted start-up in JT-60SA, we have devel-
oped a one-dimensional (1-D) model including the
five transport equations: energy transport equations
for electrons and ions, particle transport equations
for electrons and hydrogen atoms, and toroidal cur-
rent equation, which are solved for a cylindrical-
ly-symmetrical plasma. Figure 1 shows the depend-
ence of the electron temperature at p = 0.5 and ¢ =
0.15 s on injected ECRH power in the cases of dif-
ferent error filed of 1.0-10.0 mT and here the initial
neutral density is assumed to be ny = 3.0 x 10" m™
at ¢ = 0.0 sec. The calculation result shows that (i) a
minimum power threshold of ECRH exists to start
up plasmas, for example, the power of more than 1
MW is required even in the case of lowest error field
of ~ 1 mT, and that (ii) the maximum limit of ac-
ceptable error field (B., > 10 mT) is observed, at
which plasma start-up becomes impossible within
feasible power range of ECRH. The error field in
JT-60SA is predicted to be 5-10 mT, and therefore
the device requires the error field correction coils,
which is expected to reduce error field to less than
ImT.

3. Numerical Study on Electron Beam Properties
in Triode Type Thermionic RF Gun

In order to mitigate back-bombardment effect
caused by back-streaming electrons in conventional
thermionic RF guns, which leads to limitation of
macro pulse duration, we are developing a triode type
thermionic RF gun. It consists of an existing 4.5-cell
thermionic RF gun used in KU-FEL(Kyoto Univer-
sity Free Electron Laser) and an additional small co-
axial cavity which is to be fed with a separate RF
source from the main 4.5 cells with the relative am-
plitude and RF phase difference controlled (see Fig.
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Fig. 2 Triode type thermionic RF gun.

2). Fabrication has been completed and experimental
proof-of-concept is planned in near future. In this
study, we investigated electron beam properties on
operational parameters by using a 2-D particle-in-cell
simulation code, KUBLAI

Table 1 shows simulation results of peak currents
Lpeqr and back-bombardment powers Py, in the tri-
ode RF gun, which is normalized to that of the con-
ventional RF gun in different cavity voltages 20kV,
30kV and 40kV. Here, the phase difference ¢ in RF
between the coaxial cavity and the main 4 and 5 cell

cavities was chosen to obtain the highest peak current.

Lyear. It is found that more than 90% of Py, can be
reduced in all the cases, and ten times larger cur-
rent Ipear than that of the conventional RF gun can
be obtained in the cases of higher voltage at 30 and
40 kV.
Consequently, we conclude that more than 30 kV of
V. is needed in order to obtain a significant en-
hancement in J,eq.

Currently the coaxial cavity was fabricated and
successfully tested at high power. The cavity testing
with electron beam will be performed in near future.

Table 1 Beam properties as simulation result

V. [kV] 20 30 40

¢ [degree] 168 153 140
normalized Pp,c | 0.036 0.082 0.093
Lyear [A] 90 400 490

4. Development of pulsed DD-IEC neutron source
for non-destructive nuclear materials detector

Inertial Electrostatic Confinement Fusion (IECF)
has been studied as a compact neutron source, which
accelerates ions produced by glow discharge toward
the hollow cathode with the static electric field.
Non-destructive detection of nuclear materials is one
of its potential applications, which is expected to
prevent nuclear terrorism. We have developed a
pulsed D-D IEC device for this purpose, and meas-
ured the pulse shapes of discharge current and ap-
plied voltage.

It is found that the glow discharge starts up after a
delay of tens psec with respect to the pulsed voltage
as seen in Fig. 3. The influences of the applied cath-
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Fig. 3 Influences of charging voltage and oper-
ating pressure on discharge delay time.
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Fig. 4 Counts of generated pulse neutron
measured with using an organic liquid scintillator
and cathode current of the IEC device.

ode voltage and the operating pressure on the dis-
charge start-up delay time was investigated. Figure 3
shows that the delay time tends to decrease with an
increase of the operating gas pressure and the applied
voltage. This results from the facts that (i) as the op-
erating gas pressure is higher, the ionization takes
place more frequently, and (ii) the reaction cross sec-
tions of ion impact ionization are increased by the
increase of energy of ions.

The pulse shape of neutron count rate by using an
organic liquid scintillator (NE213) was also meas-
ured with the time interval of 10usec. Figure 4 shows
that a pulsed flux of fast neutrons is produced suc-
cessfully corresponding to the pulse shape of the
cathode current. The peak neutron count rate was
about 50,000 counts per 10 usec. This result implies
that we can measure at a shorter time interval to ob-
tain more detailed shape of pulse neutron flux.
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1. Introduction

The current subjects of this research section are to
study the properties of high temperature plasmas in
order to control and improve the plasma energy con-
finement from the physical viewpoint of nuclear fu-
sion research. The experimental and theoretical in-
vestigations for the optimization of the helical-axis
heliotron configuration are in progress under the col-
laboration with other groups of the institute and also
groups of other universities/institutes under the aus-
pices of the Collaboration Program of the Lab. Com-
plex Energy Processes, IAE, the Collaborative Re-
search Program of NIFS (National Institute for Fu-
sion Science), etc.

In this report, a remarkable result obtained in the
Heliotron J experimental study in FY2013 is reported
focusing on (1) a new operation regime for high
density plasma and (2) development in the Nd:YAG
Thomson scattering diagnostics in Heliotron J

2. Development of a new operation regime for
high-density plasma in Heliotron J'

In magnetically confined plasmas, optimization
of particle fuelling is an important subject to achieve
high performance plasmas. Recently, we have ob-
tained a high density plasma more than 1x10*° m™ by
a short-pulsed high intensity gas puffing (HIGP)
method. In this section, we present the experimental
result of the high density plasma operation by HIGP.
The confinement characteristics and the behaviour of
the hydrogen recycling in the high density plasma
experiments are described.

Figure 1 shows the waveform of a high density
plasma discharge using the HIGP method, which was
obtained in the NBI heated plasmas in the configura-
tion with lower toroidal magnetic ripple component
(low ;). The co and counter NBs were injected at the
port through power of 0.4 and 0.7MW, respectively.
An HIGP, several times higher than that for the nor-
mal one with short period (10-20ms), was applied
from =210 ms. In this period, small degradation of
the stored energy was observed. The response to the
Ho/Da intensity near GP almost corresponds to the
quantity of fuelling by GP, while the strong reduction
in the Ho/Da intensity far from GP was observed at
t=238ms in accordance with an increase in the edge

AXUV intensity. After that, the stored energy
reached a maximum value, which corresponds to the
diamagnetic beta of 0.8%.

The radial profiles of the electron temperature
(T%), the electron density (7.), the ion temperature (7;)
and the Ho/Da intensity (/jp,) are plotted in Figs.
2(a)-(b) before (=210ms), just after (232ms) and
20ms after (242ms) HIGP. Due to HIGP, n. at the
core region increased twice from =210ms to 232ms,
while the change in 7, was small. At =242ms, T, and
T; in the peripheral region increased remarkable, then
the increase in the stored energy was mainly due to
the increase in the edge temperatures. At the timing
of =242ms, the maximum density around 1x10%20m™
was observed in the core region. The Ho/Da intensi-
ty decreased about 50% from =232ms to 242ms,
while its profile shape did not change significantly.
Since the change in n, was small between the two
timings, this phenomenon indicates the reduction in
the hydrogen density in the plasma after HIGP.

Now, we are applying the transport code into He-
liotron J plasma and the energy and momentum
transport will be discussed near future taking the
neutral effect at the peripheral region into account.
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Fig. 1 Time evolution of heating/fueling, stored
energy (Wpy,), toroidal current (1)), ion
temepreture, AXUV intensity (I,y,y) and
Ho/Da line emission intensity (Iy,,).
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Fig. 2 Radial profile of (a) T, (b) n., (c) T; and
(d) Ho/Da intensity before (t=210ms), dur-
ing (232ms) and after (242ms) HIGP.

3. Time evolution measurement for a high per-
formance plasma profile with the Nd:YAG
Thomson scattering diagnostics

The precise time evolution measurements of
plasma density and temperature profiles are required
to investigate transport physics of the high perfor-
mance plasma. Therefore, we have developed an
Nd:YAG laser Thomson scattering system with high
time and spatial resolution [2].

The system employs two Nd:YAG lasers of 550
ml (oscillation frequency: 50 Hz) and has 25 meas-
urement points with a spatial resolution of ~10 mm in
a radial direction. A laser timing controller, which
provides high time-resolution for the Thomson scat-
tering system, has been developed to precisely con-
trol the injection timing of the laser pulses to a plas-
ma discharge [3]. A new designed carbon beam
dumper, which has a conical hole structure, attenu-
ates the laser beam after passing through the plasma.
Scattered light is collected by a large concave mirror
(D = 800 mm, f/1.31) with a solid angle of ~ 50 mstr
and guided to a set of interference filter polychroma-
tors through optical fiber bundles. The polychroma-
tors are installed temperature compensator bias cir-
cuits for each APD to keep constant sensitivity for
changes in APD temperature.

In the last experimental campaign, we have com-
pleted the installation of the Nd:YAG Thomson scat-
tering system on the Heliotron J and successfully
measured the time evolution of scattered light from
the plasma. The system achieved its designed per-
formance of a high S/N ratio (~400) of scattered and
background light even for low density n. ~ 0.5x10"
m * plasmas.

After the initial check of the system, we have ap-
plied it to the high performance plasma experiments.
Figure 3 shows the results of the time evolution of Te
profiles for the high performance plasma. The
plasma was sustained by neutral beam injection
(NBI) heating at the port-through power of 0.5SMW.

High intensity gas-puff fueling (HIGP) was carried
out from 220ms to 230ms. As shown in figure 3(a),
the plasma density is rapidly increased after the fuel-
ing, and the plasma stored energy is also increased
after the slight reduction just after the HIGP. The
profiles that is measured with the Nd:YAG Thomson
scattering system is shown in figure 3(b). The time
evolution measurement shows that the peripheral
plasma is temporarily cooled just after the HIGP.
After that, the electron temperature increases again
mainly around the peripheral region and this may
contribute the increase of the stored energy larger
than before the HIGP. The time evolution meas-
urements have a good agreement with the line aver-
aged density and the stored energy, Therefore, these
results suggest a possibility of the confinement im-
provement by the HIGP in the peripheral region.
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plasma stored energy (#,) and timings of ECH, NBI and
HIGP. (b) Time evolution of T, profiles of NBI-sustained

high performance plasma.
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Advanced Energy Research Section

Youngjoo Kwon, Foreign Visiting Professor
(Associate Professor, College of Pharmacy and Graduate School of Pharmaceutical Sciences, Seoul, Korea)

1. Introduction

I have known Professor Takashi Morii since
2006 through my previous stay at Uji campus of
Kyoto University. In the year of 2006 I was invited
by Institute of Chemical Research to spend one
month and performed some experiments to
determine the structures of relatively complex
bioactive small molecules using nuclear magnetic
resonance (NMR) spectrometer in the Professor
Uesugi laboratory. Professor Morii allowed me to
use NMR and related Unix-based molecular dynamic
calculation programs without any restrictions. Also
both of us are currently members of Asian Chemical
Biology Initiative Program, Professor Morii invited
me to spend three months at Institute of Advanced
Energy, Kyoto University. I was impressed by
well-funded research infrastructure in the previous
visit, therefore I gladly accepted his invitation and
commenced the visit on April 1, 2013 which could
not be more perfect time for a foreigner to enjoy the
cherry-blossom season of Kyoto and Japanese
out-door cultural activities. | was greatly impressed
this time that Uji campus has been quite upgraded
with nice renovation and further well-established
research infrastructure. I worked in the Morii
laboratory learning about DNA origami technology
and applying it to the development of a selective
topoisomerase Ila inhibitor. It was a great
experience for me to work under the guidance of
Professor Morii and to exchange and discuss about
our interest of collaboration with his graduate
students, postdoc, assistant professor (Dr. Shun
Nagano) and instructor (Dr. Eigi Nakata).

2. Exchanges for Future Scientific Cooperation

I had opportunity to give two presentations
during my stay in Japan which were about the usage
of chemical tools to understand/define multimodal
calpain functions and roles in pathogenesis of
diverse diseases and to develop isoform-specific
topoisomerase Ilo inhibitor with less DNA toxicity
for the application of chemotherapeutic agents. I was
hosted by Professor Shiroh Futaki in the Institute of
Chemical Biology and Graduate School of
Pharmaceutical Sciences. After the seminar, I had a

chance to discuss with Dr. Futaki and colleagues
about his research field including functions and
applications of cell penetrating peptide as well as
6-year education status of Kyoto University which
was adopted earlier than ours. With these experience,
I had the opportunity to engage in organizing PI
meetings between Colleges of Pharmacy of Ewha
Womans University and Kyoto University to be held
annually and alternately in Japan and Korea. We are
planning to invite five professors of Colleges of
Pharmacy of Kyoto University for three days, Jun 27
~ 29, 2014. We will have a closed PI-meeting for the
promotion of scientific collaborations in future.

I attended many Uesugi group laboratory
meetings during which [ participated in rich
scientific discussions with members of his team.
Professor Uesugi’s research is somewhat similar to
my own background in chemical biology, so these
meetings were extremely important for me to extend
and exchange knowledge and expertise. 1 also
regularly participated in the laboratory meetings of
Professor Morii, whose work in DNA origami
research area is well-recognized. I stayed in the
laboratory with Professor Morii’s student rather than
in the visiting scholar office which allowed me to
work closely with group members and to have often
open discussion about diverse topics including
science, history and philosophy. That was one of the
most enriching experiences during my stay in Japan.
My interactions with his research group led to an
opportunity for my students, Hyun Jung Woo and
Ye-Jin Jung to visit the laboratories of Professors
Morii and Uesugi for one month from February 10 to
March 10, 2014. I also engaged in organizing an
international teaching program with well-known
foreign scholars for graduate students at our college
of Ewha, then I invited Professors Morii and Uesugi
who will teach our graduate students for a week
coming this winter and next year summer semester,
respectively.

3. Initiation of Collaboration

Closely discussing with Professor Morii and Drs.
Nakata and Nagano about their expertise on
nanomaterial such as DNA orgami, RNA aptamers,
and synthetic fluorescence probes and my research
interest, we came up to generate a small project of



“visual in-situ assessment of topoisomerase Ila
inhibitors  using DNA  origami  containing
double-stranded DNA catenane”. One of my research
project was to clarify the mode of action of
topoisomerase inhibitors which is an important
strategy to develop topoisomerase o
isomer-specific inhibitor with less side effects than
non-specific inhibitors called topoisomerase poison.
The Morii lab has explored nano architectures
including protein/nucleic acids assemblies, RNA
aptamer and DNA origami for the implementation of
biomimetic function of biological systems. Working
with Dr. Eigi Nakata, we designed 3-well DNA
origami with DNA catenane encoding topoisomerase
Ila cleavage site and non-cleavage site in each well.
Since (1) DNA origami has been widely applied to
sensing, catalysis, and device fabrication, and (2) the
typical method to measure topoisomerase inhibitory
activity of compounds with ethidium bromide
staining is not reliable and cannot differentiate in
which state of mode of action is interfered by
compound for inhibiting topoisomerase Ila
enzymatic activity. It is noteworthy to develop
3-well DNA origami consisting of no catenane,
possessing catenane with topoisomerase Ilo cleavage
site and non-cleavage site, respectively and to utilize
it to visualize topoisomerase Ilo enzymatic activity
at the same time. This is the first trial as far as we
know. By the end of my three-month stay, we were
successful to make 3-well DNA origami containing
catenanes. After my departure, my graduate student,
Hyun Jung Woo visited for one month and continued
this project under guidance of Drs. Nakata and
Nagano. She optimized the condition to make DNA
origami with catenane and evaluated its formation
with high-speed high-resolution AFM and agarose
gel electrophoresis. The evaluation of topoisomerase
[T enzymatic activity and enzyme inhibitory activity
of compound is remained for further future
collaboration between both laboratories of Professor
Morii and mine.

4. Activities for Experiencing Japanese Culture

Since the members of Professor Morii’s lab are
very nice and working hard and I enjoyed spending
long time every day in the lab with them. It was
possible for me to get the wonderful scientific
experience as well as to experience many wonderful
Japanese cultural activities in and around Kyoto with
members especially Tamura san (Ph.D. candidate
student) and Dr. Nagano (Assistant Professor).
During golden week, my husband, Professor
Younghwa Na visited me and we explored the city of
Kyoto to the fullest extent as possible. The Kyoto
city is rich in Japanese heritage. This time it was
possible for us to see the inside of Kyoto Palace. The
most enjoyable part of my husband’s and my

experiences was when Professor Morii and his wife
invited us in a nice traditional Japanese sushi
restaurant which only the local people know and not
the foreigner or visitors.

5. Summary

My time spent in the laboratory of Professor
Morii at Institute of Advance Energy was extremely
rewarding scientifically and personally which can be
explained with this phrase; a joy of doing science (in
fact I quote the words of Professor Morii. Ha Ha!!) I
was impressed by the quality of scientific
achievement performed in the laboratory of
Professor Morii and other faculty members at the
IAE and mostly by the morals of Professor Morii as
a senior professor and scientist.



Advanced Energy Generation Division

Advanced Energy Research Section

Zhongping Yao, Foreign Visiting Associate Professor
(Assistant Professor, Department of Applied Biology and Chemical Technology,
The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong)

1. Introduction

I knew Professor Takashi Morii in the Asian
Chemical Biology Initiative events and was very
delighted to have the opportunity to visit his group in
Institute of Advanced Energy (IAE), Kyoto
University for three months (1* July — 30" September
2013). This is the first time for me and my family to
visit Japan and it is a wonderful experience for all of
us.

2. Scientific Exchange and Collaboration

IAE is located at the Uji campus of Kyoto
University, a peaceful and beautiful campus that is
ideal for research. In addition to IAE, there are some
other institutes such as Institute for Chemical
Research, Disaster Prevention Research Institute,
Research Institute for Sustainable Humanosphere in
the Uji campus. The researches in these institutes are
much related to the environment and living in Japan.
I can see that Japan has made a lot of efforts and
obtained significant achievements in these respects.

Research in Prof. Morii’s group focuses on
understanding, design  and  assembly  of
biomacromolecules for energy conversion, a field
that is very different from my background in
developing and applying mass spectrometry to
address fundamental and applied problems. This thus
provides a good opportunity for me to learn new
subjects and understand more about general
methodology in research. I regularly attended the
group meetings in Prof. Morii’s group. This is a
universal group, having members from different
countries including local, Vietnam, Malaysia and
Italy. Group members presented project progress and
literature review each week. They are talented, hard-
working and prepared well for the presentations.
What much impressed me was that the projects and
the literatures were discussed in details during the
meetings, and the supervisors gave comments to
every detail of the experiments and the results. These
were not very common in the group meetings I

attended before in the research groups in USA, UK
and Hong Kong. I visited Prof. Uesugi’s group and
Prof. Futaki’s group in Institute for Chemical
Research at the Uji campus as well. Both of the
groups also have such regular group meeting. I think
this is a good tradition and good training to the
students. I also believe that preservation and paying
attention to details are important characters for the
success of scientific research in Japan.

During my stay, I tried to help the group to make
more use of the mass spectrometry facilities in the
institute, particularly using them to qualitatively and
quantitatively analyze enzymes and their binding
with ligands. I delivered a seminar on my research in
Hong Kong at Uji campus with audiences from [IAE
and Institute for Chemical Research. I was very
pleased that the seminar was well received and the
questions from and discussions with the audiences
were quite enlightening to me. [ also wvisited
University of Yamanashi and gave a talk in Prof.
Kenzo Hiraoka’s group, a group with research
interest in ambient mass spectrometry. The visit has
led to a PhD in his group coming to join my group as
a postdoctoral researcher.

3. Cultural Experience

Kyoto is a city full of history and cultural
heritages. = My wife, Chanrou, three children,
Yuanyue, Hanying and Hanhua, and I were able to
visit most places nearby. Those scenes are always
well maintained and we enjoyed the peaceful feeling
when we visited them. The three children also
attended local elementary school and kindergarten
respectively for one week, giving them a very
different education experience. The children enjoyed
playing with their classmates and children of other
staff of the Kyoto University. We were very
impressed by many things in Japan, for example, the
queuing habits, well-scheduled transportations,
garbage recycling, delicately designed toilets. We
appreciated the kindness and friendly manner of the



teachers, staff and colleagues, which made our stay
joyful.

4. Summary
This is an unforgettable experience for me and my
family. It opens a new door for us and provides new

possibilities for further interactions in the future. We
acknowledge Prof. Morii for providing such an
opportunity and his group members and the staff at
Kyoto University who helped us a lot during our visit.
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Sik Lok Lam, Foreign Visiting Associate Professor
(Associate Professor,
Department of Chemistry,
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1. Summary

This article provides a review on the academic
and research activities that I was involved in during
my 3-month visit in Prof. Masato Katahira’s
Laboratory in IAE from November 1, 2013 to
January 31, 2014. These include (i) working on a
research project related to structural studies of
cross-linked DNA oligonucleotides, (ii) participating
in the weekly laboratory briefings and seminars, (iii)
attending the International Symposium of Nucleic
Acid Conference, and (iv) giving a research talk in
IAE.

2. Research Project on Cross-Linked DNA
Oligonucleotides

During the visiting period, I participated in a
research project related to the solution structure
studies of a covalently cross-linked DNA duplex
using high-resolution nuclear magnetic resonance
(NMR) spectroscopy. This was a collaborative
project between Prof. Katahira and Prof. Fumi
Nagatsugi from Tohoku University. Therefore, I
had many opportunities to interact and discuss with
members in Prof. Katahira’s laboratory, including
Drs. Takashi Nagata and Tsukasa Mashima. I also
had an opportunity to present and discuss the project
results with Prof. Nagatsugi during her one-day visit
to our laboratory.

As synthetic oligonucleotides can artificially
inhibit gene expression by binding specifically to
target genes in a sequence-specific manner,
improving the stability of these binding complexes
can help to improve the inhibitory effects.
Therefore, creating a covalent bond via cross-linking
reactions between complementary DNA strands
becomes an important means of improving the
stability of the binding complex. In addition,
cross-linking reactions have the potential to lead to
site-directed mutagenesis. As a consequence, Prof.
Nagatsugi’s research group has recently developed
the use of a reactive base, namely,
4-amino-6-oxo-2-vinylpyrimidine (AOVPY) in the
cross-linking reactions with a DNA strand
containing an 8-oxo-guanine (8-0xoG) base.
Through the purification using high performance

liquid  chromatography =~ (HPLC) and  gel
electrophoresis, a single major elution peak and
migration band was obtained, respectively,
suggesting the cross-linking reaction between two
complementary 13-nt DNA strands was successful.
Yet, the exact chemical structure of the cross-linked
product was not known as there were three potential
sites on 8-oxoG, including the N1 nitrogen, N2
nitrogen and O8 oxygen sites which could possibly
lead to the NI1-, N2- and OS8-linked products,
respectively.  Therefore, the main aim of this
project was to determine the chemical structure of
the cross-linked DNA product in order to better
understand the reaction mechanism between
AOVPY and 8-0x0G.

As the molecular weights of the three possible
cross-linked products were so close, the results from
mass spectrometry did not provide sufficient
information for characterizing the chemical structure
of the cross-linked product. Crystallization of the
reaction product had not been successful which made
NMR became the most appropriate tool to determine
the chemical structure. Preliminary optimization of
sample condition and NMR data acquistion had been
acquired by Dr. Mashima. Then, I was first
involved in the spectral analysis of the collected
NMR data. Surprisingly, the results showed two
sets of NMR signals, and 1 decided to carry out
additional variable temperature and diffusion NMR
experiments and confirmed the presence of two
products in the cross-linking reaction.

Subsequent NMR resonance assignment and
spectral analysis were complicated by the overlap of
two sets of signals and the lack of non-labile proton
signal from 8-oxoG. Yet with the help from the
chemical shift prediction methods developed from
my laboratory, I was able to differentiate the two sets
of signals and completed the sequential assignments
of the full-length 13-nt duplexes, which were so
critical towards the successful determination of the
chemical structures of these cross-linked products.
Then, 1 conducted further NMR experiments and
was successful in analyzing the spectral features,
leading to the identification of the N2-linked product.



Through rigorous discussion and exchange of views
on literature results, we were ultimately able to
identify the other one was the Nl-linked product,
concluding the cross-linking reaction occurs via two
different pathways at equal chance. These results
provide important insights towards the understanding
of the cross-linking reactions which will advance the
development of DNA oligonucleotides as an
effective agent to inhibit gene expression.

3. Laboratory Briefings and Seminars

Every week, I would attend two regular group
meetings. On Monday, there was a briefing at noon
in which two to four students would give a brief
presentation (~5-10 min) on the progress of their
research projects. With such a time schedule, each
student would have a chance to update their research
progress and bring up issues related to their projects
once every three weeks.  All briefings were
presented in English and these provided valuable
opportunities for students to practice their spoken
English. Through questioning after each of their
presentations, I got to know more about how well
each student was doing. One good thing about the
noon time arrangement was that we usually would
have lunch together right after the briefings. As a
result, I could continue to discuss more with students
in an informal and more relaxing manner.
Sometimes, we would continue discussion on their
research projects after lunch. The materials that we
discussed could range from the long term goal of the
project down to the details of how the NMR sample
was treated right before data acquisition.

The second group meeting was usually arranged
at 4 pm on Wednesday in which one student would
give a more formal research seminar on their
research project. ~ With this arrangement, each
student would be required to give a research seminar
once every three to four months. This was an
appropriate length of time for students to organize
their results and present them nicely. After the
research seminar, there would be journal article
presentations in which one to two students would
present one to two recent literatures related to their
research projects. The journal presentation indeed
was good to students as they could keep track of new
findings and learned how scientific problems were
solved by other laboratories.

4. International Symposium of Nucleic Acid
Conference

In addition to the academic and research and
activities within IAE, I also attended the 40"
International Symposium on Nucleic Acid Chemistry
at Kanagawa University in Yokohama during
November 13-15, 2013. The three-day symposium
was composed of invited lectures, oral presentations
and poster presentations. The invited lectures were
all about frontier works on various aspects of nucleic
acids and they were delivered by experts from

different parts of the world.

For the oral presentations, the majority of
speakers were from local institutes, providing a clear
picture to all participants about the excellent
advancement of nucleic acids research in Japan. In
particular, some of these good oral presentations
were given by postdocs or graduate students,
allowing them to gain valuable experience in
presenting results and exchanging of ideas in
international conference. Among the presenters,
Yudai Yamaoki, a second year doctoral student from
Prof. Katahira’s laboratory, gave an interesting talk
titled “Dual-quadruplex forming ribozyme distinctly
switches on its activity in response to K.

For the poster presentations, they were organized
in two 1.5-hour sections in two afternoons.
Unexpectedly, these two sections indeed were the
busiest moment for almost everybody, no matter
whether you were presenting or asking questions
about the posters. The discussion and exchange
atmosphere was the most enthusiastic one that I had
come across. When I was trying to ask someone a
question about his or her poster, I usually had to wait
in line for a while before I could talk to the presenter.
Among these posters, Dr. Mashima, a postdoc from
Prof. Katahira’s laboratory, presented his work on
“Origin of the anti-prion activity of quadruplex”
received one of the best poster presentation awards.

There was also a very special event in this
symposium, which was the exchange meeting in the
evening of the second day. This was a valuable
moment for exchange and discussion in an informal
and relaxing environment. I had the opportunities
to meet and talk to other students from other research
laboratories. [ was also lucky to meet Prof. Ichiro
Hirao from RIKEN and got to know his story of
discovering the unusually stable DNA GAA-loop
about 20 years ago.

5. Research Seminar

On January 23, 2014, I gave a research seminar
titled “From DNA chemical shifts to structures and
infidelity of DNA replication” in I[AE.  This
seminar provided a summary of the efforts that my
research laboratory at The Chinese University of
Hong Kong had been made in the past decade in
advancing the use of chemical shifts in solution
structure studies of DNAs and the application of
NMR spectroscopy to better understand the origin of
mutations during DNA replication. Some examples
on applying predicted chemical shifts to facilitate the
resonance assignments of the cross-linked DNA
oligonucleotides were also given.

6. Acknowledgements

I would like to express my sincere thanks to Prof.
Katahira, his colleagues, and all members of his
laboratory. 1 was very grateful to their great
hospitality during my visit.



Advanced Energy Generation Division

Synthesis of Noble Metal Nanocrystals with Controllable Shapes via
Seed-mediated Growth Process

Cun Zhu, Foreign Visiting Researcher
(Assistant Professor, State Key Laboratory of Bioelectronics,
School of Biological Science and Medical Engineering, Southeast University,
Nanjing, Jiangsu 210096, P. R. China)

1. Introduction

During the past several decades, noble metal
nanocrystals have received ever increasing interest
owing to their unique physicochemical properties
and promising applications in photonics, catalysis,

electronics, sensing, energy, and biomedical research.

Since the physicochemical properties (e.g., catalytic,
electronic, optical, and magnetic properties) of the
noble metal nanocrystals are greatly affected by their
morphologies, sizes, and structures, tremendous
efforts have been devoted to the synthesis of noble
metal nanocrystals with controlled shapes to tailor
their properties and thus performance in various
applications.

Among all the reported syntheses, chemical
reduction of a metal precursor in solution (either
aqueous or organic solution) by a reductant has been
considered as one of the most versatile and
productive routes to generate noble metal
nanocrystals with well-defined and controllable
shapes. In general, two major steps are involved in a
synthesis, including the nucleation and growth. The
nucleation takes place at the very beginning of a
synthesis, during which precursor molecules are
reduced to elemental atoms that will serve as
building blocks for the formation of nanocrystals.
Once the concentration of the atoms in the reaction
system has reached the point of supersaturation,
small clusters will start to appear through
aggregation of these atoms. On account of the
autocatalytic effect of these clusters as well as their
extremely high surface energy, they will further
evolve into seeds and serve as active sites for the
subsequent deposition of newly formed atoms.
Continuous growth of the seeds results in the
generation of metal nanocrystals as final products.

It should be noticed that in a one-pot synthesis,
new nuclei and seeds might form throughout the
reaction, leading to broad distributions in size and
shape of the resultant nanocrystals. To improve the
controllability of the synthesis as well as the
uniformity of products, a two-step strategy, known
as seed-mediated growth, has emerged as one of the
most effective and powerful routes to control the
synthesis of noble metal nanocrystals. The major
advantage of this strategy is that the synthesis has
been divided into two separate steps, which contain
the formation of seeds, and growth of the

as-prepared seeds. Each of these two steps can be
precisely and independently manipulated by using
different reaction systems, without worrying about
the possible interference of these two processes.
Furthermore, the undesired formation of new seeds
during the growth step, a major concern and problem
in a one-pot method, can be effectively eliminated by
means of an expedient introduction of sufficient
amount of seeds under well-controlled reaction
conditions.  Therefore, seed-mediated growth
provides a facile and versatile route to the synthesis
of noble metal nanocrystals with well-defined shapes
and controllable sizes.

2. Pd Nanocrystals

Pd nanocrystals, which have been widely used as
a versatile catalyst for many chemical processes
including petroleum cracking, hydrogenation,
dehydrogenation, and Suzuki, Heck, Stille, or other
coupling reactions in organic chemistry, has drawn
great attention in recent years. Thanks to the efforts
of many research groups, Pd nanocrystals with a
variety of shapes have been developed. However,
most of these syntheses were based upon polyol
reduction, and it is still a challenge to synthesize Pd
nanocrystals with various controllable shapes in
aqueous solution by simply using one single reaction
system.

In our recent study, we developed a facile and
green route to the synthesis of 3 nm single-crystal Pd
seeds with a narrow size distribution, which can be
used as active sites for the growth of Pd nanocrystals
with various controlled morphologies and sizes. The
synthesis of Pd seeds involved the reduction of
H,PdCl, by L-ascorbic acid in an aqueous solution at
the boiling temperature in the presence of poly(vinyl
pyrrolidone) and citric acid. We systematically
investigated the effects of various reaction
parameters on the reduction rate of the Pd precursor,
and thus the final size, size distribution, and
morphology of the resultant Pd seeds, including the
reaction temperature, reducing power of the
reductant, and capping agent.

The as-obtained ultra-small Pd seeds were then
evaluated for the synthesis of Pd nanocrystals with
controllable shapes in an aqueous solution via
seed-mediated growth process. Thanks to the
coordination effect of Br ions with Pd*" ions and



their selective capping effect for the Pd {100} facets,
Pd nanocrystals with various distinct shapes can be
conveniently obtained by simply modulating the
concentration of KBr in the growth solution, as
shown in Figure 1. In addition, the size of resultant
Pd nanocrystals can also be readily modulated by
controlling the concentration of Pd seeds involved in
the growth.

{111} facets

::- Pd aseds
W {100} mcets *

frowth

!

Figure 1. Pd nanocrystals with various shapes
synthesized via seed-mediated growth by controlling
the concentration of KBr in the growth solution.

Compared with the synthesis of Pd nanocrystals
with a specific morphology by using conventional
polyol method on the basis of a one-pot procedure, it
is more convenient to control both the shape and size
of the resultant Pd nanocrystals. In addition to the
homogeneous growth, these ultra-small Pd seeds can
also be extended into other metallic systems,
especially for the growth of metal nanocrystals with
sizes in the sub-10 nm regime.

3. Pd-Ag Bimetallic Nanocrystals

Bimetallic nanocrystals have received
considerable interest owing to their remarkable
properties that originate from the strong electronic
coupling between the two metal components. The
bimetallic nanocrystals can exhibit greatly enhanced
physicochemical properties relative to their
monometallic components. As a result, recent years
have witnessed tremendous efforts devoted to the
design, synthesis, and utilization of bimetallic
nanocrystals with a variety of compositions. By
controlling the reaction kinetics of the seed-mediated
growth process, bimetallic nanocrystals with two
different types of structures have been successfully
developed: (i) dimer structure, where the second
metal component selectively grows on one specific
facet or along one certain direction of the seeds; (ii)
core-shell structure, where the second metal
component epitaxially grows on all facets of the
seeds. Despite these successes with respect to the
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preparation of bimetallic nanocrystals with a variety
of structures and combinations, it still remains a
challenge to precisely control the growth mode and
thus spatial distribution of the second metal on the
surface of a nanocrystal seed.

In our recent work, we systematically studied the
growth mode of Ag on Pd nanocrystal seeds in an
effort to control the structures of the resultant Pd—Ag
bimetallic nanocrystals. By carefully controlling
different reaction parameters such as injection rate of
AgNO; precursor, capping agent, reductant, and
reaction temperature, we could deposit Ag on any
number (from one to six) of the faces of a cubic Pd
seed, leading to the formation of Pd—Ag bimetallic
nanocrystals with various novel structures (Figure 2).
We also evaluated the effects of different reaction
parameters on the structure of final products. On the
basis of a careful analysis of their TEM images, we
also obtained a clear understanding of the spatial
distributions of the elements in the resultant
bimetallic nanocrystals. Significantly, we were able
to identify the growth mode of Ag on Pd seeds
according to the Moiré fringes that pinpoint the
positions of the Pd seeds inside the bimetallic
nanocrystals.

]

Figure 2. Pd-Ag bimetallic nanocrystals with
various different structures synthesized via
seed-mediated growth by controlling the reaction
kinetics.

We further investigated the growth of Ag on
other types of Pd seeds, including Pd nanocubes with
different sizes and Pd octahedrons. As expected, Ag
could also grow on a few or all the faces on these Pd
nanocrystal seeds, depending on the reaction
conditions involved. These results confirm that the
structures of the resultant bimetallic nanocrystals
could be conveniently manipulated by controlling
the reaction conditions, not only for seeds enclosed
by {100} facets but also for those enclosed by {111}
facets. In addition, this strategy has also been
successfully extended to other bimetallic system
such as Pd-Au system to obtain similarly
controllable nanostructures. This strategy for
engineering the spatial distributions of elements in a
bimetallic nanocrystal offers a novel and reliable

approach to the fabrication of plasmonic
nanostructures ~ with  enhanced sensing and
surface-enhanced  Raman  scattering  (SERS)

capabilities, as well as enhanced catalytic property.
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1. Introduction

We are investigating the scientific principle and
applications  of new  materials  including
nano-materials for advanced energy science. In
Avanced Energy Material Research section, the
physical properties of nano-carbon materials (carbon
nanotube, and graphene) by advanced optical spec-
troscopy and compositional ceramics (SiC) materials
by multi-scale experiments for the material properties
(MUSTER) are studied. Followings are main re-
search achievements in the year of 2013.

1. Brightening of Excitons in Carbon Nanotubes
on Dimensionality Modification

The low luminescence quantum yield of semi-
conducting carbon nanotubes, which is typically, at
most, only a few percent for dispersed nanotubes, is
deeply related to their one-dimensional nature. The
balance between radiative and non-radiative relaxa-
tion rates (that is, the probability) of electron—hole
bound states, termed excitons determines the nano-
tube luminescence quantum yield. Fast nonradiative
decay, which dominates exciton recombination in
nanotubes and results in their low luminescence
quantum yield, is mainly caused by the quenching of
one-dimensional mobile excitons due to the rapid
collision between these excitons and local quencher
states, which include nanotube defects and end sites.
Efforts to improve the luminescence quantum yield
by reducing the defect quenching of excitons have
been reported. Conversely, if a local defect is not an
exciton quencher but is luminescent by virtue of ap-
propriate local electronic structures, the local state
may function as a zero-dimension-like quantum state
that captures mobile excitons and converts them to
photons (as shown in Fig. 1) with a radiative relaxa-
tion rate possibly lying beyond that of intrinsic
one-dimensional excitons. Therefore,
one-dimensional nanotubes with luminescent, local
zero-dimension-like states offer a unique opportunity
for photophysical investigation of nearly ideal ze-
ro-dimensional-one-dimensional  hybrid  systems.
Moreover, understanding the excitonic properties of
these states can lead to the development of novel
strategies for brightening nanotube excitons beyond
the intrinsic limit for future photonics applications.

We found that the luminescence quantum yield of
the excitons confined in the zero-dimension-like
states generated by oxygen doping can be more than
at least one order larger (~18%) than that of the in-
trinsic one-dimensional excitons (typically 1%), not
only because of the reduced non-radiative decay
pathways but also due to an enhanced radiative re-
combination probability beyond that of intrinsic
one-dimensional excitons. Our findings are extenda-
ble to the realization of future nanoscale photonic
devices including a near-infrared single-photon
emitter operable at room temperature.

Figure 1. Schematic of efficient luminescence strat-
egy for carbon nanotube.

2. Tunable Photoluminescence of Monolayer
MoS, via Chemical Doping

Atomically thin transition-metal dichalcogenides
(TMDs) have attracted a great deal of attention from
the viewpoints of fundamental physics and various
applications.  Thin-layered TMDs, as novel
two-dimensional materials, undergo remarkable
changes in their electronic structures depending on
the number of layers: from indirect-band gap bulk
semiconductors to direct-band gap monolayer semi-
conductors. Monolayer MoS, (1L-MoS,) have poten-
tial applications as novel two-dimensional di-
rect-band  gap  semiconductors in  various
opto-electronic devices, such as
low-electricityconsumption transistors, light-emitting
devices, and solar cells. Moreover, 1L-MoS, is
emerging as a novel platform for the study of
“spintronics” or “valleytronics” because of its broken
inversion symmetry, which gives rise to the coupling
of spins and the valley degree of freedom in the mo-
mentum space.

Optically generated electron—hole pairs in



1L-MoS, form stable exciton states even at room
temperature because of the extremely large Coulomb
interactions in atomically thin two dimensional mate-
rials. The stable exciton plays an important role in
the optical properties of 1L-MoS,. Control of the car-
rier density is one effective method to modulate the
optical properties of monolayer TMDs. The interplay
between the exciton and charge carrier gives rise to
the formation of a many-body bound state such as a
charged exciton (trion), which provides additional
pathways for controlling the optical properties of
1L-MoS,.

We demonstrated that the photoluminescence
(PL) properties of 1L-MoS, can be tuned via a solu-
tion-based chemical doping technique. The PL inten-
sity of 1L-MoS; is drastically enhanced when p-type
dopants cover its surface. This enhancement is un-
derstood as a consequence of switching the dominant
PL process from the recombination of the negative
trion to the recombination of the exciton under ex-

traction of residual electrons in as-prepared 1L-MoS,.

In contrast, the PL intensity is reduced when
1L-MoS, is covered with n-type dopants. On the ba-
sis of these results, we confirmed that bidirectional
control of the Fermi level of 1L-MoS, by chemical
doping is possible and that this approach provides a
great advantage in controlling the optical and electri-
cal properties of thin-layered MoS,.

3. Porous Silicon Carbide Composites for LWR
Cladding

Silicon carbide is very attractive engineering ce-
ramics in particular for high temperature use and nu-
clear application due to high temperature strength,
oxygen resistance, chemical stability, low activation,
radiation resistance and so on. Superior stability for
steam to metal is critical motivation for LWR clad-
ding application. However the application of silicon
carbide ceramics is limited due to brittle feature. Sil-
icon carbide composites have pseudo ductile behav-
ior by debonding and sliding at fiber/matrix interface.
However carbon at fiber/matrix interface is critical
issue for oxidation by steam under sever accident
condition. The objective of this work is to develop
pseudo ductile porous silicon carbide ceramics by
silicon carbide fiber reinforcement without carbon
fiber/matrix interface.

The silicon carbide matrix was formed with car-
bon powder by liquid phase sintering method using
sintering additives. The porous silicon carbide matrix
was formed following decarburization process. The
porosity in the matrix was controlled by the amount
of carbon powder. Mechanical properties were char-
acterized by three point flexural test. The specimens
for three point flexural test were exposed in air at
1100C. The composites consisted with just silicon
car-bide fiber and crystalline porous silicon carbide
matrix without fiber/matrix interphase like carbon.

Crystalline structure is requirement for nuclear ap-
plication. The composites showed pseud-ductile be-
havior and complicated fracture behavior due to fric-
tional stress at debonded fiber/matrix interface. Three
point flexural strength was approximately 280 MPa
for the material with 30 % porosity. Significant deg-
radation wasn’t observed following exposure at
1100C air condition. Silicon carbide composites re-
quire relatively weak fiber/matrix interface layer like
carbon for pseud-ductile fracture behavior. The con-
trol of thickness and quality for the interface layer is
very difficult, although it is the key to determine
mechanical properties of the composites. The porous
silicon carbide composites showed pseud-ductile be-
havior without the interface layer. It is easy to fabri-
cate uniform material and reduce the material cost
significantly. The carbon interface layer is the weak-
est link in some cases in particular for oxygen envi-
ronment at high temperature. The porous material
just consists with silicon carbide and applicable for
various severe environment.

Porous SiC composites can’t be used with current
fuel pellet without coating due to lack of hermeticity.
The recent microencapsulated fuels consisted with
TRISO ceramics and SiC matrix can keep FP gas
within fuels. Porous silicon carbide composite clad-
ding can work with the microencapsulated fuels.
Porous SiC composites were developed. The material
has pseud-ductile behavior and applicable for struc-
tural material. It is different from brittle ceramics.
The material doesn’t require fiber/matrix interphase
like carbon. It decrease material cost significantly.
Productivity is also excellent compared to current
silicon carbide composites. The material just consists
with silicon carbide. Excellent resistance to high
temperature oxygen and chemical corrosion is ex-
pected.

4. Laser Cooling of an Ion Beam in the Horizontal
direction by Synchro-Betatron Resonance

K. Jimbo has engaged in a laser cooling experi-
ment of ion beam at Small Laser-equipped Storage
Ring. After we had succeeded to demonstrate energy
transfer between the longitudinal and horizontal di-
rections of a magnesium ion beam by syn-
chro-betatron resonance to realize the horizontal
cooling, this laser cooling experiment is temporarily
halted. A much more powerful laser system is neces-
sary to obtain a more convincing result and we are
preparing for it.

According to the computer simulation, disap-
pearance of peaks of synchrotron oscillation is ex-
pected when a beam turns to be space charge limited,
which represents very cold state of ion beams. We
have proposed a capability of detecting space charge
limited state by observing such a frozen synchrotron
oscillation.

_56_



Collaboration Works

University of Bordeaux (77> X) , H—F /¥
BIZRIT D 5ehmst, FaH—hk

Oak Ridge National Laboratory CK[E) , TAITAN
(Tritium,Irradiation and Thermofluid for America
and Nippon) Task2-2 #6 - #efE S AT L OEA
PE, MAED

Oak Ridge National Laboratory CK[E) , TAITAN
(Tritium,Irradiation and Thermofluid for America
and Nippon) Task2-3 BJZS 258, AR

Politecnico di Torino (A % U 77) | Oak Ridge
National Laboratory CKE) , &7 I v 7 28}
DA TR AR EINBASE, FARED

Politecnico di Torino (4 # U 77) , Mechanical and
sealant joining of SiC/SiC composites for high tem-
perature applications, A

Idaho National Laboratory (CK[E]) . Idaho National

Laboratory (CK[F) . Oak Ridge National Laboratory
CKIE) , Accident Tolerant Fuels for LWRs Re-

search and Development (CNWG) , A

Oak Ridge National Laboratory CKI[E) , JFHRE~
T R~ kf R AR B R D 72 8 O BRI O T2
#FAf (Phenix) , HgAEEH

FALRZE A EIERT, I e 7 I v 7 A
kO T v 7 ZAEEGMEO R IRET R, 1
REEH

Financial Support

1. Grant-in-Aid for Scientific Research
AW —pR%, FEB), F/ h—R U WEIZBT 5
BrHEE T h—Rr « 74 b= 2D

R —pk, PRERABAZFATSE, 77 7 =BT Ry
kDRI &R FZEBIKRE D B th

A, BRERAIHIZEITIE, BT 2 v 7 AHETR
{LmEEINE & o 7 AT PR O B3

BN, BHRMRWA), FEHHINET A AL
Acmid = —RrF ) Fa—TETFZENE
DEFLO B

BHE RS, AHRC), HIFRFEWHE O L
WML IRIA & Z OO filfE

INNZERZ, FERINESE B XERhE, FRBEIG J1REAT &
W2 SIC FEE SR - IR TR D€ T
iz

2. Others

A —RY, () BT 7 ZARPB LB ke,
BT =R MB R Lo mah Rt = x
I —JE

H—, (W) v UM, SR EA
BeREZ & oA — /v T —7R KB D B %E

KAHE—R, () RIGEFZHARBE ST, 6
T NX—FMBEZBRLEFHRS T 72
A4 L Z oIS

EANRET, () FERAiRIERE, BT
W HRR AR & 0 BIET 5 Setmtisae

KM, (BF) MARUKA, Gl L¥F—k 3
< v 7 AMEIAS OIS

MRED, (BR) m#Lr o WU ¥, 200
ATV« SiC #HEE AL B XD 7 0 T A b
DR

WAL, () Y, %Aabhs ik LS
I3 LR P EATIZ B 2 BFTE B 96 < BRBH oD 1
. frd >

M AREE, () H AR - JIRFZERE R, SiC/SiC
HEEMELO BB FTHE IO 70 SiC DEhE
P S AR PR B A

R, A RHEUEET - PHENIX $2£,
AN R B 22 BE S A

AREML, AR ET 47T 0T T
2\, ”Mechanical and sealant joining of SiC/SiC
composites for high temperature applications,”
Politecnico di Torino (- # U 7)

Publications

Y. Miyauchi, M. Iwamura, S. Mouri, T. Kawazoe, M.
Ohtsu, K. Matsuda, Brightening of excitons in carbon
nanotubes on dimensionality modification, Nature
Photonics, 7, 9, 715-719, 2013

S. Mouri, Y. Miyauchi, K. Matsuda, Tunable photo-
luminescence of monolayer MoS, via chemical dop-
ing, Nano Letters, 13, 5944-5948, 2013

D. Kozawa, S. Mouri, Y. Miyauchi, K. Matsuda,
Exploring the origin of blue and ultraviolet fluores-
cence in graphene oxide, The Journal of Physical
Chemistry Letters, 4, 12, 2035-2040, 2013

Y. Hirana, G. Juhasz, Y. Miyauchi, S. Mouri, K.
Matsuda, N. Nakashima, Empirical prediction of
electronic potentials of single-walled carbon nano-

_57_



tubes with a specific chirality (n,m), Scientific Re-
ports, 3, 2959, 2013

B. Thendie, Y. Miyata, R. Kitaura, Y. Miyauchi, K.
Matsuda, H. Shinohara, Rapid single-stage separation
of micrometer-long and high-purity semiconducting
carbon nanotubes by gel filtration, Applied Physics
Express, 6, 65101/4-65101/4, 2013

F. Wang, D. Kozawa, Y. Miyauchi, K. Hiraoka, S.
Mouri, K. Matsuda, Enhancement mechanism of the
photovoltaic conversion efficiency of single-walled
carbon nanotube/Si solar cells by HNO; doping,
Applied Physics Express, 6, 102301/1-102301/4,
2013

R. Nishinakagawa, K. Matsuda, T. Arai, A. Sawada,
T. Terashima, Raman spectroscopy investigations of
chemically derived zigzag edge graphene nanorib-
bons, AIP Advances, 3, 092111, 2013

D. Kozawa, Y. Miyauchi, S. Mouri, K. Matsuda,
Changing photoluminescence spectra of graphene
oxide by centrifugation treatments, Physica Status
Solidi C, 10, 1600-1603, 2013

INEERN, ARk, T T = VR E
W= aRANEREIG I BT 5 7T X' =7 X, 43 6ak
72, 62, 4, 183-184, 2013

BN, E—K, I—AR T ) Fa—T D%
S om k), fbie, 9, 72, 2013

EW)IR, AEt, ¥ e, WESE, 7o

V7 b LB a— BRI D TITAN

TuYxy b4, 3 BINEREE), 7T X< K
INE

e FaEs, B89 %, 511 5, 737-742, 2013

F. Wang, D. Kozawa, Y. Miyauchi, K. Hiraoka, S.
Mouri, Y. Ohno, K. Matsuda, Fabrication of sin-
gle-walled carbon nanotube/Si heterojunction solar
cells with high photovoltaic conversion performance,
ACS Photonics, 2014

Y. Miyauchi, Photoluminescence studies on exciton
photophysics in carbon nanotubes, Journal of Mate-
rials Chemistry C, 1, 40, 6499-6521, 2013

H. Katsui, Y. Katoh, A. Hasegawa, M. Shimada, Y.
Hatano, T. Hinoki, S. Nogami, T. Tanaka, S. Nagata,
T. Shikama, Tritium trapping in silicon carbide in
contact with solid breeder under high flux isotope
reactor irradiation, Journal of Nuclear Materials, 442,
1-3, s497, 500, 2013

T. Tokunaga, H. Watanabe, N. Yoshida, T. Nagasaka,
R. Kasada, Y.J. Lee, A. Kimura, M. Tokitani, M.
Mitsuhara, T. Hinoki, H. Nakashima, S. Masuzaki, T.

Takabatake, N. Kuroki, K. Ezato, S. Suzuki, M. Aki-
ba, Development of high-grade VPS-tungsten coat-
ings on F82H reduced activation steel, Journal of
Nuclear Materials, 442, 1-3, s287-s291, 2013

T. Koyanagi, S. Kondo, T. Hinoki, Effect of differ-
ential swelling between fiber and matrix on the
strength of irradiated SiC/SiC composites, Journal of
Nuclear Materials, 442, 1-3, s380-s383, 2013

T. Hinoki, Y. Katoh, L.L. Snead, H.C. Jung, K. Oza-
wa, H. Katsu, Z.H. Zhong, S. Kondo, , Y.H. Park, C.
Shih, C.M. Parish, R.A. Meisner, A. Hasegawa,
Silicon Carbide and Silicon Carbide Composites for
Fusion Reactor Application, Materials Transactions,,
54, 4, 472-476, 2013

N. Oono, R. Kasadaa, T. Higuchi, K. Sakamoto, M.
Nakatsuka, A. Hasegawa, S. Kondo, N.Y. Iwataa, H.
Matsui, A. Kimura, Comparison of irradiation
hardening and  microstructure  evolution in
ion-irradiated delta and epsilon hydrides, Journal of
Nuclear Materials, 442, 1-3, s826-s829, 2013

N. Oono, R. Kawano, S. Shi, S. Ukai, S. Hayashi, S.
Kondo, O. Hashitomi, A. Kimura, Irradiation effect
of nano-bubble dispersion strengthened (N-BDS) al-
loy, Journal of Nuclear Materials, 442, 1-3, 365-369,
2013

Y. Katoh, L.L. Snead, C.M. Parish, T. Hinoki,
Observation and possible mechanism of irradiation
induced creep in ceramics, Journal of Nuclear Ma-
terials, 434, 1-3, 141-151, 2013

Presentations

K. Sato, T. Hinoki, Current Status of Nuclear De-
velopment and Activities Related to GFR in Japan,
GFR FCM PPMB Fuel and Core Materials (FCM)
Provisional Project Management Board (PPMB),
OECD Headquarters, Paris, 2013.4.25

T. Hinoki, R&D of Silicon Carbide Materials Related
to GFR, GFR FCM PPMB Fuel and Core Materials
(FCM) Provisional Project Management Board
(PPMB), OECD Headquarters, Paris, 2013.4.25

T. Hinoki, Silicon Carbide Materials for LWR Ap-
plication: Current Status and Issues, PSI MEETING,
PSI, Switzerland, 2013.4.26

RAEW, BT LWE T 2 v 7 AME TR —
B THIERT OIRFUCHRHE, 55 18 [RI#RFE T
FF — B TAOFEAT AR S, 7R F6
¥y UARAFIRE S XL T T EFLER—,
2013.5.11



K. Matsuda, Y. Miyauchi, Study of negative and
positive trions in the electrochemically carrier-doped
single-walled carbon nanotubes, 223rd The Elec-
trochemical Society (ECS) Meeting, Sheraton Centre
Toronto Hotel, Tronto Canada, 2013.5.12-17

F. Wang, D. Kozawa, Y. Miyauchi, S. Mouri, K.
Matsuda, The photovoltaic conversion efficiency of
single-walled carbon nanotube/Si solar cells by
HNO3 doping, The 40th international symposium on
compound semiconductors, ISCS, Kobe, Japan,
2013.5.19

D. Kozawa, Y. Miyauchi, S. Mouri, K. Matsuda,
Origin of Photoluminescence in Graphene Oxides
Studied by Static and Time-resolved Photolumines-
cence Spectroscopy, The 40th International Sympo-
sium on Compound Semiconductors, Kobe Con-
vention Center, Kobe, Japan, 2013.5.21

A. Noda, M. Nakao, H. Souda, H. Tongu, H. Oka-
moto, K. Osaki, Y. Yuri, K. Jimbo, M. Grieser, T.
Shirai, Z. He, Latest Results of Experimental Ap-
proach to Ultra-Cold Beam at S-LSR, COOL 13
Workshop on Beam Cooling and Related Topics,
ALPIN PALACE HOTEL, MURREN, SWITZER-
LAND, 2013.6.10-14

Y. Yuri, K. Osaki, H. Okamoto, Z. He H. Souda, A.
Noda, M. Nakao, H. Tongu, K. Jimbo, Simulation
Study on Transverse Laser Cooling and Crystalliza-
tion of Heavy-Ion Beams at the Cooler Storage Ring
S-LSR, COOL 13 Workshop on Beam Cooling and
Related Topics, ALPIN PALACE HOTEL, MUR-
REN, SWITZERLAND, 2013.6.10-14

K. Matsuda, Excitonic properties of carrier-doped
single-walled carbon nanotubes arise from negative
and positive trions, WONTON'13 (5th Workshop on
Nanotube Optics and Nanospectroscopy), Santa Fe,
USA, 2013.6.16-20

Y. Miyauchi, M. Iwamura, S. Mouri, K. Matsuda,
Temperature Dependent Photoluminescence Study on
Oxygen-doped Carbon Nanotubes, WONTON'I3
(5th Workshop on Nanotube Optics and Nanospec-
troscopy), Santa Fe, USA, 2013.6.16-20

MRS, FEmHEORAR R Eo oo Sic
DRBE~OEAET 28R EEHETOT
7' —F, PWR BAEOEEICET 2HELZR
2 KRB v % —6 B 605 538, 2013.7.5

W=, /2 =R WEIZBT 5T R
EEDIGH, TJUNKFY —F 4 78I — 5
19 [E53F L AT LT -3, At I —, JUNKRY,
2013.7.11

K. Matsuda , Novel excitonic properties of
nano-carbon materials studied by advanced optical
spectroscopy, The 12th Asia Pacific Physics Con-
ference (APPC12), International Conference Halls,
Makuhari Messe Chiba, Japan, 2013.7.14-19

‘= INHEF:, Exciton Photophysics of a Dot in a Line,
55 5 BV TR R, BORUR A0 R E BREE AT oE
' —, 2013.7.27

MR —, AEYE, PREBOR, AT, e,

P, S-LSR IZH 1T DK H D L—H—mH
BB L7 v 7 m be UARE), 25 10 B B AN
WA FERES, A HERY - B, 2013.8.2-6

PrHE, FRECR, EEY, W=, MAZL,
Kiliy—8%, HHRBEIT, MRt — v 7Ly K7
U —#—, He Zhengqi, A &Ef& - A 7
S-LSR TD MG A 4> E—AD L —HF—EH,
%510 [Bl A ANESRFSFEES, AHERY - S H
GHEEC 2013.8.2-6

H—p, 7/ I—R, WRTEWEDT /i
Bl 2o, H3m7 7= F ) Fa—
77T T = VTS, RIRRFEE T v o
/XA, 2013.8.4

T. Hinoki, Current Status and Issues of Silicon Car-
bide Composites for Nuclear Application, PRICMS
(THE 8TH PACIFIC RIM INTERNATIONAL
CONGRESS ON ADVANCED MATERIALS AND
PROCESSING), Waikoloa, Hawaii, 2013.8.4-8.9

Y. Ogawa, Y. Tsuboi, Z. Lizhong, S. Mouri, Y.
Miyauchi, K. Matsuda, Layer Number Dependence
of Optical Properties of MoS,, #4507 7 —1L
VP ) Fa—T T T2 BBV URT T A,
RIRRZERBOR 246, 2013.8.5-8.7

N. Akizuki, S. Mouri, Y. Miyauchi, K. Matsuda,
Photoluminescence Nonlinearity of Hole-doped Sin-
gle-walled Carbon Nanotubes, # 45 [A]7 77— L
Vel ) Fa—T T T2 BBV URT T A,
KPR EERBOR 246, 2013.8.5-8.7

Y. Miyauchi, N. Akizuki, M. Iwamura, S. Mouri, K.
Matsuda, Temperature dependence of Stokes and
anti-Stokes photoluminescence from oxygen-doped
carbon nanotubes, #4577 —L >« F ) F =
—T T T T2 RETVURY T A, RIREFEKR
PR F2xfE, 2013.8.5-8.7

AN, ENEETY, BRIERS, AAERR, B
b7 T 7 2o OFQ BN D A =X L, R
(7T T2 VRY T A, RBAR KRBT,
2013.8.6

TEERAIY, MR, BN, MORED, /MR



B, SiC/SiC #H A EFOARIE m R B IR £ D%
AR L, BARET 71592 12013 R DO K2 |,
BRI/ T 3RS, 2013.93-95

NRFNE., SRR, AR, & ERvh, MR
PEM, PR A H 9% Tyranno-SA3 fEHETR{L
SiC HEMEID T 7F v —Hetk, AARTHES
12013 kO KR=), HHRNF LEKRY,
2013.9.3-9.5

Bprhg N, UTRRAIIT, MRKEE, A A RS LT
HEN OO L, AR5 12013 4F
FKORE], HFHRNF LEKRT, 2013.9.3-95

TH—E, AN, RS, M EHZ, nE

EK, Lance L. Snead, SiC 7/ ¥y R DBERE &2 FHw

7o' 7 2w 7 ZABRELOMIIERRE, €7 X v 7 A

2 T 26 [ERKTR S R T A, BINKYE (B
(L) F¥ o 73%, 2013.9.4-9.6

AREW, R IHET Iy 7 A/ ET I v 7
AEEM B O IRITRIR, PRk 25 FERERTE
W (MPBHTER), ALK B B SERT T
BB X MR R E R o 2 =T
7F A Rk IF—=, 2013.9.13

T. Hinoki, K. Shimoda, Oxidation Resistant Novel
Silicon Carbide Composites for Accident Tolerant
Fuel, LWR Fuel Performance Meeting/TopFuel 2013,
Charlotte, NCWestin Charlotte Hotel, 2013.9.15-9.19

S. Kondo, T. Hinoki, Dimensional change of iso-
tropic graphite under heavy ion irradiation ,
INGSM14 (International Nuclear Graphite Special-
ists Meeting 14), Hilton Seattle, Washington State,
USA, 2013.9.15-9.19

M. Nonaka, S. Kondo, T. Hinoki, Microstructural
development of HOPG under ion-irradiation ,
INGSM14 (International Nuclear Graphite Special-
ists Meeting 14), Hilton Seattle, Washington State,
USA, 2013.9.15-9.19

K. Matsuda, Nano-carbon optics:fundamental phys-
ics and application of nano-carbon materials,
JSAP-MRS Joint Symposia, Doshisha University,
Kyoto, Japan, 2013.9.17-19

ABPEN, NERE, EWNEEE, BRIERS, Jb
R, REAM, (REFE, DMER, E,
EWEIR s a~w VST T 4 —IZ X OSBE LTS
Z7xrwEt Ry hoRtEZDRME, 5 74 [0
i B K AT I 2, RS AR
¥ LA, 2013.9.18

EHE—EE, Zhou Lizhong, /NI 28, FEHEE,
BN, Bk, (b R —E 7k DB
FEEREIE V37T A ROFRIGHIE, & 74

[l A ER A KR AT 2, RS AR A
WF v /8A, 2013.9.18

JINGERR, KA EN, BREAS, BN, 2
H—p, R, A— F—7HEh—R T/
F o — 7 O EERE R OGRE, B AR
2013 FKFERE, HERTFEHF ¥ /1A,
2013.9.25-9.28

BRIERE, AR, IR, sHEE, =N
HEV, B R, AT R— e 712 K 2 BRT
MoS, DL T « i FEIRhEE -3 DAL, HAY
B 2013 KRR R, TR RF =T v o8
A, 2013.9.25-9.28

K, Jimbo, H. Souda, Y. Yuri, H. Tongu, M. Nakao, A.
Noda, Possible Observation of Transverse Laser
Cooled Ultimate Cold Ion Beam in S-LSR, 2013
North American Particle Accelerator Conference,
Pasadena Convention Center, Pasadena, USA ,
2013.9.30-10.4

Z. He, J. Wei, K. Osaki, H. Okamoto, A. Noda, M.
Nakao, H. Souda, Y. Yuri, K. Jimbo, Parameter Op-
timization for Multi-dimensional Laser Cooling of an
Ton Beam in the Storage Ring S-LSR, 2013 North
American Particle Accelerator Conference, Pasadena
Convention Center, Pasadena, USA, 2013.9.30-10.4

BN, R EBROERE, BIEERE [7'a
AL T L= g kAR T %
T LORIE) 3 WFFREGRIAB S AR T 4,
27 = k—)V BE, 2013.10.17

WHE—R%, T/ h—R o WE - HF T EWE D5E
S A A= 7 - oy, B 78 [ElR TR
o, W TH¥EKRY, 2013.10.18

T. Hinoki, Current status of ATF related activities in
Japan, OECD Nuclear Energy Agency Nuclear Sci-
ence Committee Working Party on Scientific Issues
of the Fuel Cycle Second Meeting on Increased Ac-
cident Tolerance of Fuels for LWRs, NEA Head-
quarters 12 boulevard des Iles, 92130 Is-
sy-les-Moulineaux, France, 2013.10.28-10.29

T. Hinoki, Current status of SiC R&D for LWR ap-
plication in Japan, Kyoto, Torino Collaboration
Workshop, Politecnico di Torino, Corso Duca degli
Abruzzi, 24 - 10129 Torino, ITALY, 2013.12.2

S. Maeta, Recent status of SiC fabrication ~porous
SiC composites and SiC joining, Kyoto, Torino
Collaboration Workshop , Politecnico di Torino,
Corso Duca degli Abruzzi, 24 - 10129 Torino, ITALY,
2013.12.2

BRE—BS, AR, NIRE, AR, 5N

_60_



B, FAH—HL, bF R— o 7 X D R 18
MoS, DFEGHIE, 5 24 BDEVERFZES:, KB
SR (AR v L8 R) FfiE RS X —
10F, 2013.12.13

MAEN, BRIEEE, =N, ARE—R, &
— )V R—=THE—R T ) Fa—T DN
MOIEAE, 55 24 RDEMIMERTIE S, RBRT SRS (f2
KFx N R) EEERB A ' ¥ —10F,
2013.12.14

ABFILN, /INBRA, ENHEE, BRI, b
MR, BEEAL, RE, AEC, R R,
YA KW LTS 5 7 = VBT Ky DR
ME, 9 24 BDRIMERGES, KBRS (A
Xy S R) EHE G E v ¥ — 10F,
2013.12.14

Y. Katoh, T. Koyanagi, C. Shih, T. Hinoki, L.L.
Snead, Irradiation creep of silicon carbide beyond the
initial transient, 38th International Conference and
Expo on Advanced Ceramics and Composites, hilton
daytona Beach resort and ocean Center | daytona
Beach florida, Usa, 2014.1.26-31

S. Kondo, M. Lee, T. Hinoki, Hot water corrosion at
ion-irradiated surface of SiC, 38th International
Conference and Expo on Advanced Ceramics and
Composites, hilton daytona Beach resort and ocean
Center | daytona Beach florida, Usa, 2014.1.26-31

T. Hinoki, S. Maeta, M. Lee, K. Shimoda, Porous
Silicon Carbide Composites Development by Various
Fabrication Methods, 38th International Conference
and Expo on Advanced Ceramics and Composites,
hilton daytona Beach resort and ocean Center | day-
tona Beach florida, Usa, 2014.1.26-31

S. Maeta, T. Hinoki, Development of porous
SiCf/SiCm composite for industrial use, 38th Inter-
national Conference and Expo on Advanced Ceram-
ics and Composites, hilton daytona Beach resort and
ocean Center | daytona Beach florida, Usa,
2014.1.26-31

M. Lee, S. Kondo, T. Hinoki, High temperature water
vapor oxidation behavior of various SiC ceramics for
nuclear fuel cladding materials, 38th International
Conference and Expo on Advanced Ceramics and
Composites, hilton daytona Beach resort and ocean
Center | daytona Beach florida, Usa, 2014.1.26-31

WH—K, h—RrF ) Fa—T F ) TT77x
Y DF R E ZOIGH, —RAEHEAN = 2 —
HAXEY T4 —T LVRK 25 45 3 RIS
2, WRRZPES Y —F % ¥ /38R, 2014.1.29

T. Hinoki, Overview of Japan Activities in R & D of

SiC/TRISO as Reactor Core Components, CNWG
ATF meeting, JAEA Tokai, 2014.2.13

NS, =R T ) F o —T O,
i FA A B 72 B VE SRR AR 25 AR FE 5 3 IRl 2,
KIEKFREAF ¥ > /RA T = R H—,
2014.2.28

ANEERN, ENEEY:, BAIERR, THHIER, &2
H—AR, Bt T 7 = > OIS IRERE, 5
Wy HL R BTG Y 25 SRR 3 RIS, KR
RS REF YL /AT 4 h=F R 2 —,
KR, 2014.2.28

FEHE—RR, BEFF, #wHEE, =N, K
— ik, MR EERERE L A Vv s A RO
SEREME & 2 ORI, I B B VE SRR 2,
KK RHAF Y L /"AT 4 b=y AL X —,
KR T, 2014.2.28

AHPE N, ANEBREN, ENEHEY, BRIE—RR, Jb
R, FEFAHL, CRETE, MAER, RE—A,
YA XSSV F 72 BF Ry MBI
LB 73RO L, F46 7T —L 2 -
F)Fa—T T T2 REV R T A, KR
TR R E BRI 7 o 2 — R R R —
Jb, 2014.3.3-3.5

L. Zhou, Y. Miyauchi, S. Mouri, M. Toh, G. Eda, K.
Matsuda , Temperature dependence of polariza-
tion-resolved photoluminescence in monolayer WSe,,
AR T T—L e ) F =T T T T
WE T RY T L, FORREGHRE R AR e &
A —(F BRIV, 2014.3.3-3.5

ANERRN, ENEEE, BRIEES, THIER, 2
H—p%, Bl 7T 7 = 23T DT IR R,
Faolm| 75—V S ) Fa—T T T T2
REVVRY T A, R REJHRE IR &
VB — SRR — L, 2014.3.3-3.5

D. Kozawa, R. Kumar, A. Carvalho, A.K. Kumar, W.
Zhao, M. Toh, R.M. Ribeiro, A.H.C. Neto, K.
Matsuda, G. Eda, Effect of band nesting on optical
properties in two-dimensional transition metal
dichalcogenides, 46 |7 7 —L > «F ) F a—
T T T T 2 ARRE VR T A, BRI
E B E i ar et o —FEEH R R — 2,
2014.3.3-3.5

HHABEN, SNREE, BRE—RS, faH—pk, H
BH—ReF ) Fa—TIBITET v Far N
— T a UREOBN, FHaeETT—L TS
Fa—T T T7T7 2 REVURT T L, HEK
P RRERS M o 2 — (RS R R — L,
2014.3.3-3.5

FAgH, KAEAN, ERMEE, fAE—, i

_61_



Hi, Mg —AR T ) Fa—TBITLHT v
T NR—=T g URNEOBIM, 46 BT T —L
VeI ) Fa—T T T2 BT UIRY T A,
WU KPR E BRI 2E 2 o & — (s Bk
—/L, 2014.3.3-3.5

B, BAERS, ENEEE, ARE R, PR
%, Photoluminescence spectroelectrochemistry of a
single SWNT molecule, #f 46 0|7 F—1L > «F /
Fa—T TT T URETURT T L, FEKR
¥ GRRE B o 2 — R R A — L,
2014.3.3-3.5

BN, (RN, PR, PR, BEHETE
BE, ENEET, PRk, st A#ELE,
/NMESWCNT DHL— B A Z U 7 ¢ 438l & St bE,
Fa6mI T T — L e F )T a—T T T 2
AT R T N, R KR FRRE RSN
A — (PR E R —L, 2014.3.3-3.5

JEAFIHR, N, EFIE—RS, h— I U 2,
JLHEE, #AH—p, B8 WSe IZE 1T 2Rt~
#+ "V R v AOEERGENE, #4607 T
— L e ) Fa—T T T2 eV URY
U I, RO RE RS ST & — R
BAR—L, 2014.3.3-3.5

FHE—RS, BRh, wmiMAE, SNEE, h—
22U v, NGRS, [ B, RS AR,
W EERERE A hva A Rt s
FERER, Fa6 7T —L oS ) Fa—T
TTT7 2BV URY T A, KR FEE
B LA 2 v X — DR R R —
2014.3.3-3.5

TR, NBERE, BN, BRIE—RE, 2
H—p%, CVD iEA2 A WTARK LT-HE MoS2 @
FHWE, Fa6m 7T —1L 2 e F ) Fa—T -
TTT7 2BV URY T A, HRKRE FEE
B2 A BF 92 2 o Z — R R R —
2014.3.3-3.5

F. Wang, D. Kozawa, Y. Miyauchi, S. Mouri, Y. Ohno,
K. Matsuda, High photovoltaic performance of
MoO;-doped single-walled carbon nanotube/Si solar
cells, Fr 46 Bl7T7—L > «F /) Fa—T 77
Tz URRE Y UR YT A, BRI E R
Wit > 2 —OHE# AR —1, 201435

WH—RR, F 7 B —R o O L DI,
BTSRRI IE A 5 72 [RIAFSE LS, REAS K2 K PHE
%y 279, 2014.3.10

EFE—RE, EFIF, #EH4AE, Minling Toh, /)N
HT, ENEEE, JTHEREE, EY, AAE-RR,
R T EERER A A L arF A RiZBiT5
IERIEFENE, 6 61 IS AL A AT
2, HIIFBRERFAEE S v /8 Z, 2014.3.18

AR, TERBm R - AR BHR O E NS O
B0 #H A St B 95 OECD Tl
BW ) ofEs, BRI 52 12014 FHEOE
AR E R R AT R B - — R AR
v ¥ a VEERBRA SRR S AR v v a v, )]
AT R AT v 78R, 2014.3.26-28

NRFNE, B s, o)ITEEE, JTERAlr, oA
A, FCIAREIREIRIC BT 5 mfp I 0
e SiC fkHE O E 2L, AR %S
2014 FEEROFLE |, HEH TR FHBEA X v
XA, 2014.3.26-28

JEEFRN ], EACe, ARETRE, fEOE—, A
W, AESE, KERY, RefiiERLcg
HEIE DA ERR B ORFFEBR%E ;5 (1) SiC FIH
BANAITFERRFE O ERET I, HAFF /)52 12014
FROFEZR ], BAEHETRFAIRASF ¥ 3R,
2014.3.26-28

AR FeAEt, B, JIRHEE, e
P2 B R U 72 $E a0 0E DA BRI B 0085 o A 72 B
7% 5 (2) HFOH SIC OFERE & RetEaEAn, A AR
N 12014 FEOFE |, HEE RS
Xy 38R, 2014.3.26-28

JIRH S, LREET, B CE, mAEhb,
A2 STRRAIIY, 22 A BR U7 S AR L
BRI OMFFERZE 5 (3) MR AKZA - mii
KIZE D HF L SIC OFRRE, AR
12014 FEFROFEL |, BT RFHBEA X v
XA, 2014.3.26-28

UTHEAIY, MrRKED, HREMEET, JIFEHEE,
REEY U, 22 ME % 18R U 7= oo dm DA R
Bl oRrZeRa % ; (4) 1P A SiC oMk - A%y
MICEZ DA F B ORE, AARRF %S
12014 FEFROFELE |, FORE TR FHBEA X v
XA, 2014.3.26-28

WSH—RE, 7/ B —R o« BT @S O eR%
EZDOISH, BRS04 FFEFES, 4b=
FEEHE L v A, 2014.3.27-30

HNEEY, EFIF, BFIE—ES, Toh Minglin, L
M, WH—RR, HEESeRY A hral )
A R WSe, ICBIFT AL —- A U EME AT 2
7 A, BARMEEFRAE 69 [BHER KRS, HEKRT:
W ¥ v > /R, 2014.3.29

JINEE RN, A. Carvalho, R.S. Kumar, A.K. Kumar,
W. Zhao, M. Toh, A.H.C. Neto, ¥AH—jk, LM
WIEE, BB A A WL aFF A RO KRR
T4 T ORNE, BARYERTEEE 69 [RIAFEIR KRS,
YRR IR v > 2% A, 2014.3.29

BRIE—ER, R, @A E, M. Toh, /N,
ENEETS, TR, [, REpR, HEE

_62_



BEIBIA N TTA NITBT 285147
<7 A LT — R T AR, B
569 MIFERAR, HERFIMEF v /32,
2014.3.29

_63_






Advanced Energy Conversion Division

Advanced Laser Science Research Section

T. Nakajima, Associate Professor
K. Hata, Assistant Professor
G. Miyaji, Assistant Professor

1. Introduction

Our research interest is to theoretically as well as
experimentally study the various kinds of la-
ser-matter interactions in a time-dependent manner,
where the laser wavelength can be in the
mid-infrared, near-infrared, visible, ultraviolet, ex-
treme ultraviolet, or even x-ray regions, and the tar-
get can be atoms/molecules, nanoparticles, thin films,
materials with nanostructures, etc. Regardless of the
choice of laser wavelength and the target, the objec-
tive of our research is to understand the coherent in-
teraction of laser radiation with matters and finally to
utilize them.

2. Efficient generation of atomic coherence under
the presence of hyperfine structure

Knowing that the generation of high coherence is
the key for the efficient nonlinear processes such as
frequency-mixing, and the presence of substructures
(such as hyperfine structure) in a system tends to
prevent the generation of coherence, we have theo-
retically studied the generation of coherence in gen-
eralized two-level atoms with hyperfine structure by
utilizing the detuning-induced stimulated Raman ad-
iabatic passage (D-STIRAP). As expected, the degree
of coherence between the ground and excited states
cannot be as large as that for the ideal two-level at-
oms without hyperfine structure. However, we have
found that the substantial degree of coherence can
still be produced with small modulations, and the
modulation period is essentially determined by the
hyperfine splittings in the ground and excited states.
As a specific example, we show in Fig. 1 the realistic
result for the D, transition of Na with a Doppler
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Fig. 1 Time evolution of the degree of coherence,
|p|, for the linearly polarized pump pulse for the D1
transition of Na.

broadening taken into account.

3. Time-gating of KU-FEL by a plasma mirror

For some applications of FELs which require the
time resolution, high peak intensity, etc., the
time-gating and high focusability of FEL pulses
without damaging a target would be very important.
We have demonstrated that these two requirements
for the KU-FEL pulses can be fulfilled with the aid
of a plasma mirror. Figure 2(a) shows the experi-
mental setup. A new feature in this study is the use of
unusually long (nanosecond) switching pulses for the
plasma mirror, since it is widely believed that the use
of such long switching pulses results in the distortion
of the wavefront and hence bad focusability of plas-
ma-mirrored FEL pulses. Our results, however,
clearly demonstrate that the plasma-mirrored FEL
pulses have a good focusability, as ensured by the
experimental observation of spectral broadening of
FEL pulses by nonlinear effects. The effectiveness of
the plasma-mirrored KU-FEL pulses is clear by
comparing Figs. 2(b) and 2(c): Without the plasma

WG

Imm |

Fig. 2 (a) Experimental setup for the time-gating of
KU-FEL pulses. (b) and (c) Microscope images of
the target (Ge plate) after the irradiation of FEL
pulses at 6 GW/cm? without the plasma mirror and
at 60 GW/cm? with the plasma mirror.
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mirror, the target (Ge plate) is very easily damaged
by the irradiation of a single FEL macropulse (which
contains ~4000 micropulses) at the peak intensity of
6 GW/cm’, while the use of the plasma mirror ena-
bles us to reach the peak intensity as high as 60
GW/cm® without any obvious damage on the target
after the irradiation of 3600 macropulses (each of
which contains ~15 micropulses).

4. All-angle collimation of incident light in u—
near-zero metamaterials

Metamaterials (MMs) consist of structural units
with a dimension smaller than the wavelength of the
incident light, and they are of great interest for vari-
ous purposes such as cloaking and super lens, etc. In
this work we have employed the theory of inhomo-
geneous waves to study the transmission of light in
p-near-zero MMs, and found the effect of all-angle
collimation of incident light, which means that the
vector of energy flow in a wave transmitted to a
p-near-zero MM is perpendicular to the interface for
any incident angles if an incident wave is s-polarized.
To be more specific, we have considered the trans-
mission of light in a negative-index MM in the spec-
tral region with a permeability resonance, and
demonstrated that all-angle collimation indeed takes
place at the wavelength for which the real part of
permeability is negligibly small, as shown around the
incident wavelength of 740 nm in Fig. 3.

[ncident angle By
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Transmission angle
Fig. 3 Transmission angle for the s-polarized

components of the Poynting vector as functions
of incident wavelength and angle.

5. Fabrication of nanogratings with femtosecond
laser pulses

Femtosecond (fs) laser ablation of solid surfaces
has been observed to spontaneously form periodic
nanostructures with a period much smaller than the
employed laser wavelength. The formation of
nanostructures strongly suggests potential applica-
tions of fs lasers to nano-processing of solid surfaces.
The physical mechanism responsible for the
nanostructuring and its control are essential for the

generation of well-defined nanostructures, since the
observed nanostructures have some inhomogeneity.
Recently we have shown that the origin of
nano-periodicity produced can be attributed to the
periodically enhanced near-field through the surface
plasmon polaritons excited with fs pulses. Based on
this understanding, we have successfully fabricated a
grating structure consisting of parallel stripes with a
nano-period much smaller than the laser wavelength
as shown in Fig. 4.
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Fig. 4. (a) SEM image of GaN surface (right) and
the frequency spectrum of periodic structure af-
ter irradiation of horizontally polarized fs pulses
(left). The number in the spectrum indicates
spatial period (nm). (b) Cross-sectional STEM
image of GaN surface with nanogratings.

6. Experimental study on transient critical heat
fluxes of subcooled water flow boiling in a
sus304-circular tube

The flow transient critical heat fluxes (FT-CHFs)
in a SUS304-circular tube caused by a rapid decrease
in velocity from non-boiling regime are systemati-
cally measured under different conditions of initial
flow velocities, initial heat fluxes, inlet liquid tem-
peratures, outlet pressures, and decelerations caused
by a rapid decrease in velocity by the experimental
water loop comprised of a multistage canned-type
circulation pump controlled by an inverter. The flow
transient CHFs for SUS304-circular tube are com-
pared with the steady-state CHF data for the empty
vertical and horizontal SUS304-circular tubes and the
calculated values. The influences of initial flow ve-
locity, initial heat flux, and deceleration are investi-
gated into details and the widely and precisely pre-
dictable correlations of CHF and flow velocity at the
flow transient CHF for the circular tube is given
based on the experimental data. The correlations can
describe the flow velocity and the CHFs at the flow
transient CHFs for SUS304-circular tube obtained in
this work within £20 % difference.
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1. Introduction

Materials R&D is essential for safe and efficient
operation of advanced nuclear energy systems in the
near future. This section takes up a mission of mate-
rials R & D for advanced nuclear energy, such as de-
velopment of fusion blanket structural materials and
fuel claddings of Gen-IV nuclear systems. Current
main researches are as follows:

(1) Development of structural materials for fusion
systems: Materials R&D is essential for realization of
fusion energy. Among the issues for materials R&D
for fusion application, we have been focusing on the
development of radiation tolerant structural materials,
which include reduced activation ferritic (RAF)
steels and oxide dispersion strengthened (ODS) steels
for fusion blanket. R&D of high Cr ODS steels has
been performed as a national program to develop an
innovative material with radiation tolerance, corro-
sion-resistance and high-temperature strength for
advanced nuclear fission and fusion systems.

(2) Tungsten diverter R&D: Evaluation of feasibil-
ity of tungsten (W) diverter has been performed
along with joining technology development of
W/ODS steel joints by means of transient liquid
phase bonding method. The application of ODS
steels as structural components of W-diverter has
been considered to be effective to reduce the temper-
ature gradient between plasma facing material and
coolant constituents.

(3) Multi-scale modeling: Tungsten (W) is pro-
posed as one of the candidates for the first wall pro-
tection in fusion power plants. In irradiated tungsten
at temperatures where vacancies can move, voids

(vacancy clusters) are experimentally observed by
transmission electron microscopy (TEM). Voids in-
duce swelling, which leads to the dimensional
changes of the material.

(4) Radiation damage mechanism of fission nucle-
ar structural materials: For the sake of the highly ef-
ficient and safe operation of nuclear fission reactors,
the mechanisms of irradiation embrittlement and
stress corrosion cracking have been investigated.
Small specimen test technique for evaluation of
structural integrity has been developed towards ex-
tension of operation period of light water reactors.

2. Development of advanced ferritic steels for fu-
sion systems

Distribution and morphology of oxide particles
were investigated to characterize factor controlling
high performance of ODS steel. Effect of oxide par-
ticle on microstructure of ODS steel is observed by
high resolution TEM. The oxide particles into ODS
steel are very small and dispersed with high number
density in matrix. Therefore, it plays a role in rein-
forcement and improves the mechanical properties of
ferritic steels. Some nano-micro structure of fine
grains formed caused by these oxide particles with
pinning effect and retarded grain migration.

As result of TEM observation, Al-free ODS steel
have oxide particle formed Ti-Y-O with 4nm, which
is very small particle and 1.86 x 10 m™ of number
density. This oxide particles are high ther-
mo-dynamical stability, thus, it still remained high
number density and small particle size comparatively,
even after heated at 1400°C as shown Fig. 1 (b).
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Fig. 1: Dispersion of oxide particles into ODS matrix



Al-added ODS steel is preferentially formed bigger
oxide particle as Al-Y-O than Ti-Y-O, so it has lower
mechanical properties. Zr component can add in
ODS steel to remain dispersed fine oxide particle,
also have high corrosion resistance with Al compo-
nent. Although Zr component is added with small
quantity, the oxide particles formed already bigger
and lower number density than that of Al-free ODS
steel before heat treatment (Fig. 1 (c)). Also, the par-
ticles are coarser after recrystallization, some bubbles
are observed as shown Fig. 1 (e). It is suggested that
grain is easy to migrate caused by restraint of pinning
effect with big oxide particle and it can be occurred
recrystallization. In case of adding Al, the mechanical
properties are little reduced and anisotropy is more
significant with good ductility, at the same time, it
can acquire the good corrosion resistance and expect
to economical effect of reduced recrystallize temper-
ature. Therefore, Al-added ODS steel can use prag-
matically in industry with improving lower mechan-
ical properties.

3. Theoretical evaluation of oxidation rate of Zr

For pursuing the safety of nuclear light-water re-
actors, continuous efforts to keep the integrity of the
plants should be made, which is so-called the ageing
management. Plant aging is mainly occurred by ma-
terial’s degradation, which is caused by high energy
neutron irradiation, high temperature, high pressure,
high corrosion environment, cyclic loadings, and so
on. In order to realize the sufficient and reasonable
plant maintenance, the methodology to predict mate-
rial’s degradation should be established.

Zr alloys are used as the component material of
fuel cladding in light-water reactors because of their
low thermal neutron cross-section and good corro-
sion resistance. One of the main issues that threaten
fuel the reliability of fuel claddings is oxidation phe-
nomena occurred on their surface. ZrO, film preex-
ists and further grows on the surface of Zr-alloy
cladding material during plant operation. In litera-
tures, the oxidation thickness is proportional to the
square root of time above 1273K, which is consistent
with the diffusion-controlled process. On the other
hand, at a normal operating temperature of 573K, the
oxidation thickness is proportional to the cubic root
of time, which is inconsistent with the general diffu-
sion-controlled process. It indicates that there may be
some factors that suppress the diffusion rate of oxy-
gen in ZrO, film at that temperature.

In this study, we have investigated the oxidation
process of ZrO2 film at various temperatures from
atomistic viewpoints. The change of formation and
migration energies were evaluated as a function of
compressive stress by first principle calculations
using the SIESTA code. With the energies so
obtianed, we have further evaluated the oxidation
rate of Zr using the simple one-dimensional diffusion

model, where an oxygen atom diffuses from the ox-
ide surface to oxide/metal interface.
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Fig. 2 Time evolution of oxide thickness at 573,
873 and 1273 K under compressive stress

By solving the diffusion equation, the time evo-
lution of oxide thickness was obtained as shown in
fig. 2. When the stress effect is considered, the
growth rate of oxide layers decreases gradually; and
finally, our calculation results qualitatively become
consistent with experimental facts. Namely, the oxide
thickness is proportional to the cubic root of time ra-
ther than the square root of time at normal operating
temperature. At 1273K, on the other hand, the oxide
thickness increases in approximately proportion to
the square root of time, because the stress effect
seems to be weak at higher temperature.

4. W-ODS steel joints for fusion divertor

The coupling of tungsten (W) and oxide disper-
sion strengthening steel (ODSS) is considered to be
promising for fusion diverter component that consists
of W and ODSS as a plasma facing material and
structural material, respectively. Thus, the bonding
technology R&D of these two materials is required.
However, W cracks easily during bonding process,
which is considered to be due to a large difference in
coefficient of thermal expansion (CTE) between
these two materials. Using ductile insert material is
considered to reduce thermal stress. In our previous
study, although the bonding using Fe amorphous foil
resulted in the formation of good bonding interface,
the thickness obtained was not large enough to re-
duce the thermal stress. In this study, we tried to re-
duce the thermal stress in W using pure iron or a
simple steel as an insert material of diffusion bonding.
As a result, we achieved a bonding strength of 280
MPa at room temperature as well as developing small
specimen test technique using micro-3 bending
specimens.
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1. Introduction

This research section seeks to investigate the con-
finement optimization of “hot” plasma in the heli-
cal-axis heliotron line. For the experimental and the-
oretical investigation of this theme, the plasma de-
vice of Heliotron J has been operated at the Labora-
tory for Complex Energy Processes since FY2000.
Magnetic fusion by “hot” plasma as a commercial
reactor of electricity has some key features which
make it an attractive option in a future energy mix
inherent safety features, waste which will not be a
burden for future generations, no greenhouse gases
and the capacity for large scale energy production.
The development of magnetic fusion requires the so-
lution to the physics problems of transport and mag-
neto-hydrodynamics (MHD) of “hot” plasma. The
goal of the hot plasma research is the discovery of a
magnetic configuration that can efficiently confine a
high-density plasma at a high-temperature for a suf-
ficiently long confinement time to produce net ther-
monuclear power. The point is to deepen the under-
standing of hot plasma dynamics and to create key
innovative technology to make magnetic fusion a
practical energy source. A topic of Heliotron J ex-
periments in FY2013 was the new approach of
high-density (7> 10 m™) plasma operation in the
novel magnetic configuration where the lower to-
roidicity features prominently as compared with that
of the standard configuration. To understand the rel-
evant confinement physics, measurement results of
plasma fluctuation, plasma rotation and fuelling par-
ticle behavior were studied with special regard to 3D
currentless plasma optimization. The other topics
such as comparative studies of parallel plasma flow
of NBI plasmas between neoclassical theory and ex-
periment, measurements of the structural change of
plasma potential synchronized with energet-
ic-ion-driven MHD and relating energetic ion loss
diagnostics were also carried out. Upcoming experi-
ments are planned to continue developing this
high-density plasma performance as a candidate op-
eration for advanced confinement of Heliotron J.

2. External control of energetic-ion-driven MHD
instabilities by ECCD in Heliotron J plasmas

The energetic-ion-driven MHD instabilities such
as Alfvén eigenmodes (AEs), which could enhance
the transport and induce the loss of energetic ions
such as alpha particles in a D-T fusion reactor, are
being extensively studied in many toroidal plasmas.
The methods to control the energetic-ion-driven
MHD instabilities are required for the fusion reactor,
but they have not been established yet. While several
methods are proposed to control the modes, electron
cyclotron heating / electron cyclotron current drive
(ECH/ECCD) are ideal tools to control the modes
since they can provide highly localized EC waves
with a known location and good controllability. Since
Heliotron J has low magnetic shear in vacuum and
therefore the magnetic shear can be controlled by
ECCD, we have investigated the effect of continuum
damping, whose rate is related to the magnetic shear,
on the mode.
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Fig. 1. Time evolution of typically observed EPMs
in plasma (a) without ECCD and (b) with ECCD,
and (c) plasma stored energy, (d) electron density,
(e) plasma current and (f) amplitude of observed
EPMs with m=2/n=1.

The observed MHD instabilities were identified
as global AEs (GAEs) and energetic particle
modes (EPMs) by comparing with shear Alfvén
spectra in NBI-heated Heliotron J plasmas. In the
low-density plasma (<n.> < 1.0x10" m™), EPMs
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Fig. 2. Density dependence of amplitude and fre-
quency of observed m=2/n=1 EPMs in
NBI-heated Heliotron J plasmas.

only are observed. The bursting EPMs cause ener-
getic ion loss from the confinement region under
certain experimental conditions. Figure 1 (a)
shows that typical observation of EPMs in
low-density plasma heated by both ECH and NBIs.
Purple curves in Figs. 1 (c)~(f) indicate time evo-
lution of plasma stored energy, electron density,
plasma current and amplitude of observed EPMs
with m=2/n=1, respectively. Figure 2 shows the
density dependence of frequency and amplitude of
the observed EPMs with m=2/n=1. The frequency
was not proportional to Alfvén velocity. Then this
characteristic means that the observed modes are
not AEs. EPMs are localized at the plasma edge
region (r/a = 0.7~0.8) where the observed fre-
quency of EPMs coincides with that of shear Alf-
vén continuum.

We attempted to control the observed EPMs by
means of the magnetic shear modified by EC
driven plasma current. It is expected that the con-
tinuum damping is the main damping mechanism
of EPMs and that the continuum damping rate is
related to the local magnetic shear. Typical obser-
vation of EPMs in the case of N, = 0.4 corre-
sponding to ECCD case are shown in Fig. 1 (b).
Electron and ion Landau damping, energetic ion
beta were fixed in these experiments. Clear reduc-
tion of amplitude of the observed EPMs is shown
in Fig. 1 (b). Plasma current /, can be controlled in
the range of -0.5 < [, < 1.5 kA by ECCD by
changing EC wave parallel refractive index N
from 0.0 to 0.5. The amplitude of the observed
m=2/n=1 EPMs obviously decreased with an in-
creasing local magnetic shear produced by EC
driven current, as shown in Fig. 3. The EC driven
plasma current profile estimated by TRAVIS code
indicates that EC driven plasma current locally
flows at the plasma core and enhances the mag-
netic shear at the plasma edge where EPMs are
existed. We also observed that the effect of mag-
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Fig. 3. Effect of magnetic shear induced by EC
driven current on amplitude of observed m=2/n=1
EPMs.

netic shear on the mode did not depend on its sign.

3. Observation of energetic ion loss synchronized
with bursting mode by Faraday-cup type lost
ion probe (FLIP)

In order to clarify the mechanism of loss of the
energetic ions caused by MHD instabilities, we have
newly installed FLIP that can directly measure the lost
ions just outside of last close flux surface. We have
chosen the Faraday cup type detector, which can ab-
solutely measure the ion flux corresponding to lost
energetic ions. We observed the increasing of lost ion
flux whose energy and pitch angle are in the range of
14 <E <45 keV and 48 <y < 60 deg., respectively in
FLIP. The change of lost ion flux was synchronized
with the appearance of bursting EPMs, as shown in
Fig. 4. The lost ion flux is proportional to the ampli-
tude of the bursting EPMs. This means EPMs reso-
nantly affected to the energetic ion orbit and lead to
loss of energetic ion from confinement region.
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Fig.4. Observation of increment of energetic ion
loss synchronized with bursting modes in

NBI-heated Heliotron J plasmas.
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1. Introduction

Peristaltic motion of electro-physiologically
controlled organ (such as upper urinary tract,
UUT; a peristaltic pump of urine) is so robust that
partial damage at upper stream is automatically
repaired with shifting an emerging point of the
motion to the downward, and elongating the
period of the contractions. An electrochemical
circuit consisting of oscillatory and excitatory
electrochemical oscillators can emulate this
unidirectional and robust wave propagation by
traveling current pulses through the network. For
the evolution of the functions, the circuit demands
critical two points; the decrease in the density of
the oscillatory cells, the increase in the coupling
strength of the excitatory matrix, but any spatial
fine-tuning of the individual elements are not
necessary. The demand for the coupling strength is
spontaneously fulfilled by the biological boundary
condition, i.e., the connection between kidney and
UUT. The spatial decrease in the oscillatory cells
is well harmonized with the cellular anatomical
investigation in physiology.

2. Electrochemical Network

Here, we report a network consisting of two
kinds of non-linear electrochemical oscillators (the
oscillatory and the excitatory ones) is able to
emulate the unidirectional and robust propagation
of the traveling waves. The oscillator was
consisted of iron anode and copper cathode dipped
in an aqueous solution containing 1M sulfuric acid
and 0.4M copper sulfate. In order to maintain
quasi-polarographic  condition for the iron
electrode, the area of the copper cathode was 100
times larger than that of the iron anode (0.5 cmz).
Potential between the couple of the electrodes (F)
was applied by a mulch-channel potential source,
in which each channel was electrically isolated
with isolation resistance over 1G€), i.e., each
potential for the oscillator was equivalent to be
supplied by independent batteries. Under E <
215 mV, a non-oscillating steady state (SS1) was
observed with a constant current of 7.5 mA. In
potential window; 215 mV < E < 245 mV,
self-sustained relaxation oscillation appeared in
the current. As increase in E, the amplitude of the
current pulse as well as the period between them
(T=27n/w) increased.
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Figure 1 | Electrochemical circuit and current
pulse propagation. (a) Architecture of the
circuit consisting of oscillatory (pink ellipse, F,
= 0.05Hz) and excitatory oscillators. The single
oscillator has iron anode (gray dot) and copper
cathode (red dot). Applied potentials between
the two electrodes were 260 and 242 mV for
excitatory and oscillatory pairs, respectively.
(b) Time evolution of the current pulses (blue
bars) pronagation.
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Figure 2| Staircase of propagating period (7jrop)
of traveling pulses by sequential knock out of the
self-sustained oscillators from upper stream.

In the electrolyte solution, while two
self-sustained oscillators were linearly aligned
with short distance (d) between the same polarities
of the electrodes; iron-iron or copper-copper
electrodes, both of the oscillators emitted the
pulses at almost the same time (synchronization)
but slight time difference was obvious between the
synchronized pulses. The pulse from lower
intrinsic frequency (the frequency under decoupled
conditions) oscillator followed that from higher
frequency one. This is “master and slave
relationship” for the higher and the lower
frequency oscillators, respectively. The
synchronization has achieved not only with the
oscillators pair having the same intrinsic
frequencies (F = F,) but also with the pair having
similar ~ but  different  frequencies. = The
synchronization allowed the margin in the
frequency difference, which was depend on d and
Ry = F/F, (R ; the intrinsic frequency ratio
between the coupled electrodes). We have reported
the synchronization phase map as a function of R¢
and d, and this phase map was considered as
“Armold’s tongue” .

The electrochemical circuit emulating the
robust and unidirectional wave propagation was
shown in Figure la, which was segregated into 4
segments ( I ~ IV ), and distance between the
segments decreased toward the down stream.
The total number of the electrochemical nonlinear
oscillators was 19 as shown form I-(1) to IV-(11).
Oscillators covered by pink ellipses ( 11-(2), I1I-(3)
and IV-(6) ) were the oscillatory ones and others
were the excitatory oscillators. The three
self-sustained oscillators had the same applied
potential, £ = 242mV and F, = 0.05Hz. All of the
rest sixteen excitatory oscillators had the same
potential, £ = 260mV. The segments were coupled

with same polarity, anode-anode (iron-iron; I-II
and III-IV) and cathode-cathode (copper-copper;
II-111), both of which were the excitatory coupling.

Time evolution of the propagation of the
current pulse through the network was
demonstrated in Figure 1b. This unidirectional
propagation repeated periodically, and traveling
period (Tprop) from the top (segment I ) to the
bottom in the network (segment IV) was 8s. After
20 cycles of steady and periodical propagations,
the primary self-sustained oscillator located at the
most upper stream (II-(2)) was set to be open
circuit (knock out), and the oscillation of II-(2)
was terminated. Starting point of the current pulse
propagation shifted to the secondary self-sustained
oscillator (I11-(3)) and Tjp enlarged to 9 s through
transient increase during 50 s. Likewise, once the
secondary self-sustained oscillator (III-(3)) was
terminated, the tertiary self-sustained oscillator
(IV-(6)) behaved as the pace maker with 7}, = 10
s. In all of these cases, back propagation of the
current pulse to the reverse direction ( IV to I) was
never observed.

The stepwise increase in Ty, by the sequential
knock out of the self-sustained oscillators (II-(2)
and III-(3) ) presented in Figure 2. Thus, the
network has  successfully emulated three
characteristics of UUT; (1) the unidirectional
propagation of the traveling waves and (2) the
self-repairing of the wave propagation against the
partial damage, which was accompanied with (3)
the increase in the propagation period (Zjrop).
Without any spatial dependent fine-tuning of E for
the oscillatory and excitatory oscillators, the robust
and unidirectional wave propagation was
spontaneously emerged just by controlling the
spatial geometry of these oscillators with accuracy
in mm, which indicates the redundant spatial
architecture was enough for the electrochemical
circuit to accomplish the spatio-temporal
functions.
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1. Introduction

These days the density region of HeliotronJ is
successfully expanded up to 5x10"” m” by
development of a supersonic molecular beam
injection (SMBI) [1]. For study in the new region,
reliable plasma diagnostics are indispensable.
Although a millimeter interferometer can measure
the electron density precisely, it sometimes suffers
from “fringe jump errors” and information of the
electron density cannot be obtained in high density
region. This is due to large beam refraction, which is
proportional to roughly the squared wavelength, in a
plasma. Hence a heterodyne interferometer with a
HCN laser, whose wavelength is one order shorter
than the millimeter wave, is developing on
Heliotron J [2].

In this study, a dispersion interferometer [3] is
proposed in addition to the conventional
interferometers on Heliotron J. Since the dispersion
interferometer is insensitive to mechanical vibrations,
it does not need vibration compensation systems.
This advantage also leads to the fringe-jump-less
density measurement. When the phase shift measured
with the interferometer is always smaller than one
fringe (2m), the electron density can be uniquely
determined from the phase shift. The smaller phase
shift than one fringe is acceptable for the dispersion
interferometer, because there is almost no phase error
caused by the mechanical vibrations. In this way, the
dispersion interferometer will be reliable density
diagnostics equipment

2. Principle of dispersion interferometer

Figure 1 shows the basic optical setup of the
dispersion interferometer. Laser light is injected into
a nonlinear crystal to generate the second harmonic
component. The probe beam is the mixture of the
fundamental and the second harmonics components.
Beam paths of the fundamental and the second
harmonic components are almost the same, the
mechanical vibrations are common. After passing
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Fig.1 Optical setup of the dispersion
interferometer

Fig.2: Photograph of the optical flame of
the dispersion interferometer on LHD.

through a plasma, the laser beam is injected into the
nonlinear crystal again to generate another second
harmonics. The fundamental component is cut by a
filter and the interference signal between the two
second harmonics is detected. The phases of the two
second harmonics are as follows.
2ot+oAd/ct+c,nL/o+d)=p

20t +20Ad /c+c,n,L/(20)+ ¢, =@,
The phase of the interference signal is the
subtraction of @, — ¢, . Since the vibration terms are
common between ¢, and ¢, , interference signal /

becomes free from the mechanical vibration and
depends on only the phase shift caused by a plasma
(3/2)cp/w, ¢, is a constant and @ is the angular
frequency of the laser light.

I=A+Bc0s((01 —(02)

= A+Bcos{(3/2)cp /a)}
A=1,+1,,B=111,

1,,1, : detected intensity

In this way, the dispersion interferometer is
insensitive to the mechanical vibrations.

3. Dispersion interferometer on LHD
One of problems of the dispersion interferometer
is a measurement error caused by variations of
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Fig.3: (a) Variations of the line-integrated
electron density. (b) Comparison of
the line-averaged electron density between
the dispersion interferometer and
the far infrared laser interferometer.

detected intensity. In order to resolve this problem,
the phase modulation and the phase extraction
method is introduced [4].

Figure 2 shows a photograph of the optical flame
of the CO, laser dispersion interferometer installed
on LHD. The dispersion interferometer is not
equipped with a vibration isolation system. Despite
large vibrations, the variations of the line-integrated
density is 2x10'7 m™ with a time response of 30 ps as
shown in Fig. 3(a). Figure 3(b) shows comparison
between the dispersion interferometer and the
existing far infrared laser interferometer. The line
averaged electron density evaluated with the
dispersion interferometer agrees with that with the
far infrared laser interferometer.

4. Dispersion interferometer on Heliotron J

Figure 4 shows an example of the line of sight of
the CO, laser dispersion interferometer on
Heliotron J. Here, one plasma central chord and the
same optical setup (the same density resolution) as
that on LHD is supposed. The corner cube mirror is
installed inside the vacuum vessel and the laser light
has a double path in a plasma. The path length in the
plasma is 0.6 m. Table 1 shows expected signal to
noise ratios S/Ns for various electron densities. Even
in the case of low density plasma with an electron
density of 1x10" m?, the S/N of 30 will be obtained.

Table 1 also shows the expected phase shifts. The
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Fig.4: An example of the line of sight of
the dispersion interferometer on Heliotron J.

Table 1: Expected signal to noise ratio S/N
and phase shift in Heliotron J

ne n. L Phase shift
my | ) [N e
1.0x10"° | 6.0x10" 30 15
3.3x10" | 2.0x10" 100 50
1.0x10% | 6.0x10" 300 150
2.3x10%° | 1.4x10% 700 360

electron density which causes a phase shift of 27 is
2.3x10% m™. At least for a while the phase shift can
be always regarded smaller than 27 and hence the
electron density can be determined without fringe
jump errors.

6. Summary

We have developed a dispersion interferometer on
LHD, which is insensitive to the mechanical
vibrations without fringe jump errors by selecting an
appropriate wavelength of the laser source. The
resolution of the line-integrated electron density is
2x10"7 m™ despite of the optical system without
vibration isolation. The measured electron density is
reasonable on LHD. Supposing that the same optical
setup and the resolutions, a S/N of 30 will be
obtained on Heliotron J even in the case of a low
density plasma of 1x10" m™. The expected phase
shift of a CO, laser light is always smaller than one
fringe on Heliotron J, there is no fringe jump error
principally.
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1. Introduction

In this research section, we studies on genetic engi-
neering, protein engineering, surface science, and elec-
trochemistry. We also apply them to efficient bioenergy
utilization and design of highly efficient reaction pro-
cesses.

In this fiscal year, we have investigated development
of highly efficient bioethanol production, platinum dep-
osition within nanoporous silicon and suppression of
zinc dendrites for next generation rechargeable batteries.

2. Development of Highly Efficient Bioethanol Pro-
duction Yeast Using Protein and Metabolic Engi-
neering

Construction of efficient xylose-fermenting yeast
Saccharomyces cerevisiae has been subjected to large
number of trials for improving ethanol productivity
from mixture of glucose and xylose that are widely dis-
tributed in lignocellulosic hydrolysates. In this study,
genetically engineered S. cerevisiae overexpressing en-
dogenous exclusively NADPH dependent aldose reduc-
tase, encoded by the GRE3 gene, and endogenous xylu-
lokinase with the mutated strictly NADP'-dependent
Pichia stipitis xylitol dehydrogenase was constructed
and compared with the isogenic constructed reference
strain expressing P. stipitis xylose reductase instead of
the GRE3 gene. As shown in Figure 2-1, the GRE3 gene
overexpressing strain increased ethanol production by
21.4 % compared with the reference strain, representing
42 g/g ethanol of total consumed sugars (85.7 % of the
theoretical yield). Interestingly, rate of ethanol produc-
tion by the GRE3 gene overexpressing strain increased
after glucose consumption where 39.5 g/g ethanol was
produced in the presence of glucose and increased to
43.5 g/g ethanol after glucose consumption. Whereas the
ethanol production rate decreased from 36.4 g/g to 32.9
g/g after glucose consumption in the reference strain.
Furthermore, as shown in Figure 2-2, xylitol accumula-
tion was diminished by 87.5 % representing 0.6 % of
total sugars while the accumulation was 4.8 % of total
sugars in the reference strain, probably due to effective
regeneration of NADPH/NADP" cofactors by exclu-
sively use of NADPH/NADP' between the GRE3
gene product and the mutated strictly NADP"™ dependent
P, stipitis xylitol dehydrogenase.
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Fig. 2-1 Fermentation of the reference strain (open
symbols) and GRE3 overexpression strain (closed sym-
bols). Xylose consumption (triangular symbols): Glu-
cose consumption (rhomboid symbols) and Ethanol
production (square symbols)
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Fig. 2-2 Xylitol accumulation of the reference strain
(open symbols) and GRE3 overexpression strain (closed
symbols).



3. Accelerated platinum electrochemical deposition
in porous silicon: The effect of pore size

Porous silicon is a promising porous material which
has a variety of advantages such as high specific surface
area and controllability in pore size. The porous struc-
ture is very attractive in view of the utilization as tem-
plate for nanostructure formation. Since porous silicon
is a semi-conductive material, metals are possible to be
electrochemically deposited within the matrix. However,
the deposition process is a competitive process between
the electron transfer at the surface and mass-transport. In
this work, we have studied the effect of pore size on the
platinum deposition within the pores.

Time developments of potential during the electro-
chemical deposition of platinum were measured with
three different pore sizes, i.e., 4, 15, and 30 nm in diam-
eter. Figure 3-1 shows the time developments of poten-
tial. On flat silicon, the potential increases monotonical-
ly, and reaches a steady value. In contrast, a potential
plateau is observed when using porous silicon. This po-
tential plateau is caused by the penetration of chemicals
into pores. After the plateau, platinum was uniformly
deposited within the porous layer. A surprising fact is
that the duration of the plateau is much shorter in the
smallest pores than the others. In general, chemicals
diffuse into pores depending on the concentration gra-
dient. The diffusion of platinum complex ions must be
influenced by the pore morphology. The smaller the
pore size is, the more difficult the diffusion of chemicals
is. However, in the present study, the smallest pores en-
hance the penetration of chemicals into the pores. Thus,
the mass-transfer in the nanopores is achieved not by
diffusion but by another process.
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Fig. 3-1 Time developments of potential measured dur-
ing the electrochemical deposition of platinum.

4. Suppression of dendritic growth in zinc electro-
deposition using microporous silicon electrodes: The
effect of coexisting cations

Rechargeable batteries are of great importance in the

efficient utilization of energy. As a next generation bat-
teries, negative electrodes consisting of metals are par-
ticularly attracted keen attention. This is because the en-
ergy density, which is possible to be stored in the battery,
is much higher using metal electrode. However, den-
dritic crystal growth is known as a serious problem
when using metal anode. Because dendrites often causes
short circuit of batteries, they must be suppressed. We
have shown that dendrites of zinc are possible to be
suppressed using nanoporous electrodes. In this study,
we have investigated the effect of coexisting cations in
the solution for further efficient suppression of zinc
dendrites.

Figure 4-1 shows the time developments of current
efficiency for the deposition within nanoporous silicon
electrodes. When the solution contains sodium cation,
the efficiency is stable but not high enough. In the case
of tetracthylammoniu cation, the efficiency reaches
more than 95% in the initial stage. However it starts to
decrease shortly. In contrast, the efficiency keeps ~95%
when using the solution containing tetramethylammo-
nium cation. Under such a high efficiency, dendrite for-
mation on top of porous silicon was not observed. We
believe that the utilization of nanoporous electrode for
the suppression of dendrites during recharging batteries
is a promising strategy for the next generation batteries
based on metal negative electrodes.
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Fig. 4-1 Time developments of current efficiency for the
zinc deposition (recharging). The plots by A, €, and e
show the efficiencies obtained using electrolyte solu-
tions containing tetramethylammonium chloride, tetrae-
thylammonium chloride, and sodium chloride, respec-
tively.
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1. Introduction

Nanotechnology is so important to produce the
unprecedented materials for energy use. Our group
studies the basics of assembling small molecules into
the advanced materials and devices in energy sector
with high efficiency. We have developed ‘Electro-
chemical Epitaxial Polymerization’ technique which
is a totally new molecular assembling technique of
molecular wires on metal surface from single mole-
cules. By the use of this technique, unprecedented
materials for energy use will be developed. Organic
electronic devices such as field effect transistors and
solar cells will be studied. Followings are main re-
search achievements in Molecular Nanotechnology
Research section in the year of 2013.

2. Bottom-up massively produced graphene
nanoribbons

Graphene nanoribbon (GNR) is a promising or-
ganic electronic material. GNR can work as a semi-
conductor with an atomically thinness and a
sub-nanometer width. Atomically precise synthesis of
monolayer GNR was achieved under an ultra-high
vacuum condition. GNR growth reaction is required
bond formation between monomers and conjugation
expansion between connected monomers. Ultra-high
vacuum (UHV) condition is required, because of
short life times of aromatic biradical species. Highly
reactive organic biradicals readily diminish by
trapped with impurities under the reaction conditions.
Only under UHV condition, biradicals reacted inter-
molecularly and afforded GNR precursor polymers.

To develop GNR devices, atomically precise
synthesis of “multilayer GNRs,” isolation, and device
fabrication are required. We have demonstrated bot-
tom-up growth of multilayered GNR under low vac-
uum condition from halogenated polycyclic aromatic
hydrocarbons by radical polymerized CVD. Poly
(perianthracene) can be obtained under low vacuum
condition (ca. 1 Torr) from
10,10’-dibromo-9,9’-bianthryl in an extremely
cleaned quartz tube as a reactor. Organic biradicals
produced from gaseous aromatic dibromide by ther-
mal activation at cleaned hot wall of the reaction tube.
The concentration of organic biradicals was dense at
the confined space from near the wall, and decreased
concentrically. An atomically flat Au (111) metal

surface was placed at the optimized space in a reac-
tion tube, GNR prepolymer propagated efficiently.
Further annealing process converted GNR prepoly-
mer to conjugated GNR. The formation of poly (per-
ianthracene) was confirmed by Raman spectrum. The
reaction was applicable to the other organic mono-
mers, for example, the narrowest GNR poly (per-
inaphthalene) was obtained from a mixture of 3,9-,
and 3,10-dibromoperylenes. In our process, GNR
propagation reaction proceeded efficiently. We ob-
tained first example of multilayered GNRs by bot-
tom-up synthesis. A multilayered GNR film can be
isolated from Au(111) surface. This is the first exam-
ple of isolation of GNR material with an atomically
well-ordered width prepared by bottom-up synthesis.
GNR films could be transferred onto insulator sur-
face. We achieved the first example of the measure-
ment of FET properties of bottom-up synthesized
GNR films.

2. 2-zoned radical-polymerized chemical vapor
deposition (RP-CVD)

Attractive features of this method originate from
an independent temperature-control of
radical-generation process (zone 1) and the growth
process (zone 2) to produce the biradical source for
polymerization efficiently, leading to a high yield of
GNR. Au(111) on a glass substrate was placed in a
quartz tube as a reactor heated by an electric furnace
(zone 2). The system was evacuated using a rotary
pump with Ar gas flow, resulting in pressure of 1 Torr.
Solid monomers placed in a quartz boat were
vaporized by heating at 200-250 °C, followed by
collision with the hot wall of the quartz tube (zone 1)
heated at a temperature to produce biradicals by
dehalogenation, to supply on substrate as a first stage
for 15 min, and to be radical-polymerized into
prepolymers. Subsequently, the temperature was
raised to 400 °C, and was maintained for 10 min as a
second stage, for the prepolymers to be
dehydrogenated into GNR. We found two important
parameters for massive GNR-growth by RP-CVD.
Only when the condition meets these requirements,
an intense Raman signal from GNR was observed.
The first requirement is cleaning of a quartz tube by
immersion in concentrated nitric acid after heating at
1000 °C. The Raman intensity was enhanced



markedly by cleaning processes compared with that
of untreated tube. A second requirement is the side
(vertical position) of Au(111) substrate placed in the
quartz tube. Facing Au(lll) side to the nearest
surface of quartz tube gave more intense Raman
intensity than that to the gas side. These phenomena
suggest that the biradicals formed from the
evaporated monomers by the collision with the hot
wall of reactor, are concentrated near the reactor
surface. Placing the Au(l11) substrate near the
reactor surface, in which the high-density biradicals
exist, is presumed as the reason for the high yield of
GNR despite extremely low-vacuum (1 Torr)
conditions. The utilization of the high-density
biradicals is a remarkable benefit of RP-CVD.

3. STM studies of GNRs

GNR was characterized using STM measured in
air. STM images of poly (perianthracene) GNR
produced by RP-CVD showed a multilayered
high-density array of linear wires. An intense Raman
signal from the same sample was confirmed to
originate from the massively grown multilayered
GNR. The monolayer height corresponds to 0.22 nm
from cross-sectional analysis of STM image. The
GNR length is analyzed as up to 20 nm of the longest
by a histogram from the STM image. To examine the
GNR growth mechanism, the STM image of
RP-CVD-grown sample at the first stage was
measured. It shows a zigzag chain with spacing of
each side corresponding to 0.82 nm, which shows
good agreement with that of 0.85 nm for the alternate
anthracene-ring in poly (anthrylene). These data
suggest the mechanism of RP-CVD to be based on
radical polymerization and dehydrogenation, in
which the intermediate at the first stage corresponds
to the prepolymer (poly (anthrylene)), followed by
conversion to the poly (perianthracene) GNR at the
second stage.

In fact, RP-CVD is applicable to the other
monomers to produce GNR of different widths.
When using monomers of mixtures containing
3,9-dibromoperylene and 3,10-dibromoperylene, the
multilayered linear wires of poly (perinaphthalene)
GNR, produced by RP-CVD, appeared in the STM
images. The monolayer height was analyzed as 0.27
nm using cross-sectional analysis. A length histogram
of the STM image of 100 nm” reveals that the length
of poly (perinaphthalene) GNR is distributed up to 24
nm. Production of poly (perinaphthalene) GNR was
also supported by Raman spectrum of the RP-CVD
grown sample which showed identical peak-positions
with those of the simulation. Although several reports
to date have described the synthesis on poly

(perinaphthalene) using CVD and pyrolysis from
perylene-3,4,9,10-tetracarboxylic ~ dianhydride, no
direct evidence has been presented to visualize the
wire structure. Moreover, physical properties such as
band gaps and carrier mobilities have been unknown.
The RP-CVD method has enabled clear visualization
of the unknown structure of poly (perinaphthalene).
The GNR growth mechanism was evaluated by
measuring STM at the first stage. It clearly shows the
existence of prepolymer and poly (perylenylene).
Spacing at each line of image (1.75 nm) agrees with
alternate spacing (1.7 nm) of the perylene rings in
poly (perylenylene). Based on these data, the growth
mechanism of poly (perinaphthalene) GNR was
confirmed as polymerization of biradicals generated
from monomers followed by dehydrogenation.
Poly(peritetracene) GNR with width of four
benzene rings was produced when
1,4-Bis(4-bromophenyl)-2,3,6,11-tetraphenyltripheny
lene as a monomer. The multilayered linear wires of
poly(peritetracene) GNR, produced by RP-CVD,
appeared in the STM images. The monolayer height
was analyzed as 0.27 nm using cross-sectional
analysis. A length histogram of the STM image
reveals that the length of poly(peritetracene) GNR is
distributed up to 7 nm from the STM image.
Production of poly (peritetracene) GNR was also
supported by the Raman spectrum of the RP-CVD
grown  sample, which  showed  identical
peak-positions with those of the simulation.

using

4. Band gaps of GNRs

The band gap of GNR is inferred to depend on
the edge structure and width. Althoug there are some
reports on the width dependence on the band gap,
especially of armchair-edge type GNR, it has never
been studied systematically. We measured the band
gaps of our GNRs using scanning tunneling
spectroscopy  (STS).  Present
experimentally established the band-gap value for the
armchair-edged GNRs having sub-1 nm width.
Experimental compared with the
theoretical values obtained using the first-principles
method with LDA. The reason for the deviation
between experiments and theory might be the
suitability of approximation used in theory.

measurements

values are
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1. Introduction

The work in our research group takes synthetic,
organic chemical, biochemical and biophysical
approaches to understand the biological molecular
recognition and chemical reactions. Rational design and
functional evaluation of semi-synthetic miniature
proteins,  synthetic  peptides and RNA/peptide
assemblies enable precise recognition and fluorescence
detection of biologically important molecules and in
water, the solvent of life. Followings are main research
achievements in fiscal year 2013.

2. Development of an adaptor to locate homodimeric
proteins on DNA origami

Structural DNA nanotechnology, which includes
DNA origami, enables the rapid production of
self-assembled nanostructures. One of the key features
of this technology is that fully addressable
nanoarchitectures of various shapes and geometries are
easily designed and constructed. By taking advantage of
their addressable nature, DNA nanostructures have been
used as scaffolds for the site-directed assembly of
functional entities, such as small molecules and
nanoparticles. As well as these functional entities,
bio-macromolecules such as proteins and RNA-peptide
(RNP) complex are a particularly interesting class of
molecules to assemble because of their huge functional
variability. In this year, we arranged enzymes and RNP
sensors on DNA-origami and the function of these
bio-molecules were confirmed on DNA-origami as the
molecular switchboard.

NAD*

Xylitol

Xylulose

We have developed that different locations within
DNA-origami structures were site-specifically and
orthogonally targeted by using sequence-specific
DNA-binding proteins as an adaptor, and have
demonstrated that adaptor-fused functional proteins
were assembled at specific locations  within
DNA-origami structures. We have reported a
basic-leucine zipper (bZIP) class of protein GCN4 as a
new adaptor to expand the range of target DNA
sequences. Based on the characteristics of GCN4 protein,
GCN4 adaptor is suitable to arrange homo dimeric
protein on DNA origami. Thus, a GCN4-fused
homodimeric enzyme was arranged on molecular
switchboard.

The GCN4 adaptor was applied for a homodimeric
enzyme XDH. Conjugation of the GCN4 adaptor to the
N-terminal of XDH afforded active adaptor-fused
enzyme GCN4-XDH. The specific binding of
GCN4-XDH on DNA origami was confirmed by AFM
analyses.  Furthermore, GCN4-XDH showed even
higher activity than the wild type of XDH, and exhibited
avid reactivity when assembled at the specific site of
DNA origami.

Nature uses multiple proteins and/or enzymes in
close proximity to efficiently carry out chemical
reactions and signal transductions. Such assemblies of
multiple proteins is now possible to design in vitro by
using DNA-origami structures that have defined binding
sites and various kinds of DNA binding adaptor-fused
proteins.

Figure 1. Assembly of GCN4-fused homo dimeric enzymes on the molecular switchboard.
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3. A peptide nucleic acid heteroduplex probe
discriminates a single-nucleotide difference in RNA

Sequence-selective detection of DNA and RNA is
one of the fundamental techniques in molecular biology.
In general, detection of target DNA or RNA sequences
relies on the hybridization of the target sequence and its
complementary oligonucleotide probe composed of
either natural nucleic acids or their artificial equivalents.
However, a major drawback in the hybridization
technique for detecting single-stranded DNA (ssDNA)
or ssSRNA lies in the accuracy in discriminating a
single-nucleotide difference in the target sequences.
Several methods including the stringency clamping
strategy have been developed to reduce nonselective
hybridization of DNA or RNA probes by forming a
stem--loop-type structure or by using a duplex-type
probe with a fully matched strand or with a
mismatch-containing strand, but there is room for
further improvement. We have reported that a PNA
heteroduplex with pseudocomplementary DNA or RNA
effectively discriminates a single-nucleotide difference
in ssDNA and/or ssRNA, and demonstrate that the
pseudocomplementary PNA heteroduplex converted to a
fluorescent probe can visualize a single-nucleotide
difference in miRNA.

Selective discrimination of a single-nucleotide
difference in single-stranded DNA or RNA remains a
challenge with conventional DNA or RNA probes. A
peptide nucleic acid (PNA)-derived probe, in which
PNA forms a pseudocomplementary heteroduplex with
inosine-containing DNA  or RNA, effectively
discriminates a single-nucleotide difference in a closely
related group of sequences of single-stranded DNA
and/or RNA. The pseudocomplementary PNA
heteroduplex is easily converted to a fluorescent probe
that distinctively detects a member of highly
homologous let-7 microRNAs.

4. Latent fluorescent probe based on self-assembled
fluorophore

We have developed a rational design strategy for
latent fluorescent probe based on self-assembled
fluorescent molecules in aqueous condition. This year,
we focus to develop the latent ratiometric fluorescent
pH probes by using SNARF derivatives as the scaffold.
Analysis of the characteristics of SNARF derivatives
with protected phenolic group allowed classification of
the threshold between assembled and monomeric states
according to the Hansch-Fujita hydrophobic parameters
for a substituent inserted as a SNARF-OH
phenolic-protecting group. The esterase-activated latent
ratiometric fluorescent pH probe was designed and the
intracellular application of the probe was demonstrated.
Furthermore, the confirmation of the mechanism of
penetration of cell membrane was demonstrated by
using visualized self-assembled SNARF derivatives. We
believe that the present strategy of designing a latent
fluorescent probe has great potential for use in tissue or
in vivo as a targeted cell-specific fluorescent probe.

These research projects were partly supported by a
Grant-in-aid for Scientific Research from Ministry of
Education, Science, Sports and Culture, Japan (No.
24121717, 25620131, 25248038 to T. M. and 24651150,
24107513 to E. N.) and by CREST, JST to T.M..

Figure 2. The novel strategy to design latent ratiometric fluorescent pH probes based on self-assembled fluorophore.
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Advanced Energy Utilization Division

Structural Energy Bioscience Research Section

M. Katahira, Professor
T. Nagata, Associate Professor

1. Introduction

We explore the way how biomolecules such as
proteins (involving enzymes) and functional nucleic
acids (DNA and RNA) work at atomic resolution
based on structural biology with NMR. We determine
both static and dynamical structures with the aid of
our own development of the new methodology and
elucidate the underlying mechanism of functions of
these biomolecules. Structural biological approach is
also applied to analyze components of wood biomass
at atomic resolution. The analysis is usefule to
develope the way to extract energy and valuable
materials that can be used as starting materials of
various products from the wood biomass. Thus, we
pursue to contribute to the paradigm shift from oil
refinery to biorefinery.

Followings are main research achievements in the
year of 2014.

2. Development of new methodology to investi-
gate wood biomass with solution NMR

We have been developing new methodology to
investigate wood biomass with solution NMR.
This time we developed a method to correctly
quantify amounts of various components involved
in wood biomass sample at once. The intensity of a
'H-""C HSQC correlation peak of each component
is usually used to quantify the amount. For a larger
molecule, however, the magnetization is reduced
during an INEPT transfer period of HSQC and
thus the intensity of the HSQC peak is reduced,
which results in skew of quantification. This is a
serious problem, because wood biomass sample
contains various components of a wide range of
molecular weight. With an aid of the TROSY
method, we developed a new method to calibrate
the intensity loss during the INEPT period. Then,
we successfully demonstrated that correct quanti-
fication is achieved with this correction for a mix-
ture of various components with a molecular
weight range of ca. 300-50000. This new method-
ology can give precise information in monitoring
the amounts of various components during
big-degradation of wood biomass.

3. Analysis of the substrate specificity of the anti-
viral factor APOBEC 3G by using real-time NMR

Human APOBEC3G protein (A3G) is an antiviral
factor that disrupts HIV gene by introducing a sig-
nificant level of mutations in the viral genome. A3G
inactivates HIV by converting cytidene (C) into uri-
dine (U) within the minus DNA strand, which was
reverse-transcribed from RNA genome of HIV. De-
amination activity of A3G is highly sequence specific,
by which three base repeat of cytidine (CCC) within
single-stranded DNA (ssNA) is converted into CCU
then CUU, sequentially. Recently, it has been sug-
gested that A3G may also target RNA as well as
modified  bases  (5-methyl  cytidine  and
5-hydroxymethyl cytidine). We have developed an
NMR method that can track the deamination reaction
by A3G in real-time. The deamination activity of
A3G against RNA and modified cytidines was ana-
lyzed quantitatively by using the real-time NMR
method. Systematic DNA to RNA replacement of the
nucleotide around target cytidine contributed to the
elucidation of the recognition site by A3G. Based on
the results, we found that recognition site of A3G
deamination reaction is defined by both bases and
sugars. Furthermore, A3G recognizes wider range of
the nucleotides around target cytidine than as first
thought.

4. Structural and functional analyses of Musashil
involved in the maintenance of stem cell pluripo-
tency

Musashil (Msil) regulates the translation of tar-
get mRNAs and participates in the maintenance of
cell ‘stemness’ and tumorigenesis. Msil binds to the
3'-untranslated region of Numb mRNA, which en-
codes Notch inhibitor, and suppresses initiation of its
translation by competing with elF4G for PABP bind-
ing. We have recently improved the preparation pro-
tocol of the second RNA-binding domain (RBD2) of
Msil, by which we have successfully [N,
BC]-labeled it. We have then determined its
3D-structure by NMR. Additionally, we have per-
formed NMR titration experiments, in which PABP
was titrated to [N, *C] Msil RBD2. As a result,
Msil RBD2 turned out to use its C-terminal region
and a-helical surface to bind with PABP. On the other
hand, we had previously shown that Msil RBD2
binds RNA on its p-sheet surface. Together, Msil
RBD?2 is now shown to bind to RNA and PABP at the
same time (Fig. 1). Now, we have performed several
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multidimensional triple resonance NMR experiments
to determine the structure of Msil RBD2 in complex
with RNA. Moreover, we are making PABP con-
structs that are suitable to determine the structure of
Msil RBD2:PABP complex.

RNA-binding
surface

PABP-binding
surface

Fig. 1 Msil interacts with RNA on the -sheet
surface and PABP on the a-helix surface,
respectively.

5. Development of intelligent enzyme that switches
its activity in response to K"

r(GGAGGAGGAGG), named as R11, changes
from single-stranded elongated form into a compact
quadruplex structure in response to K. In a ham-
merhead ribozyme, two portions of the catalytic core
are linked with the stem and are located closely to
exert the activity. We replaced this stem by R11
flanked with some linker residues. This chimeric
RNA molecule, named as "quadruplex ribozyme
(QR)" exhibits enhanced activity upon addition of K.
To reduce an unwanted basal background activity and
achieve the structural transformation without using
heating-up and cooling-down procedure, we designed
and introduced several complementary DNAs (Fig.
2). We found that the one, which is capable of form-
ing an intramolecular quadruplex itself in the pres-
ence of K' fulfill our need. This QCS drastically re-
pressed the basal activity of QR, by which an activity
ratio with/without K" has reached as high as 16-fold.
Since the intra- and extracellular K*concentrations
are very different, we will investigate this switching
capability of QR-QCS in the cell system.

6. Analysis of the structure-function relationships
on wood degrading enzymes for better utilization
of woody biomass

Cellulose, hemicellulose, and lignin are the major
components of wood. Cellulose has been used as a

starting material to produce bioethanol and bioplastic.

Other two components are also made of chemical
structural units, which have potentials to be convert-
ed into bioethanol, biomaterials and medicine. How-
ever, the complexity of their structure in woody tis-
sue hinders their isolation, as well as characterization

of structure and function. To isolate lignin and hemi-
cellulose in the native form so as to be able to use
them as starting materials, we have begun to investi-
gate the potentials of protein enzymes that are ex-
pressed in fungi that degrade wood. We have sub-
cloned single genes of each cellulase and manganese
peroxidase (MnP) of white-rot fungus (highly selec-
tive lignin-degrading fungus) that are thought to play
major roles in lignin degradation. We have then suc-
ceeded to express cellulase in P. pastoris system and
MnP in E. coli system. Optimization of the prepara-
tion procedure is underway. The further study is in
progress to measure their activity, search for cofac-
tors that enhance the activity, and solve the structure.
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Fig. 2 QCS forms duplex with QR at low K*
concentration and represses the basal activity
of QR. At high K* concentration, QCS and QR
dissociate and both form quadruplex structure,
by which QR exerts ribozyme activity.
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1. Introduction

A. Theoretical Biophysics

A variety of self-assembling and ordering
processes in biological systems, which occur at
molecular levels, are sustaining life. Biopolymers, a
great diversity of molecular and ionic species, or
water is simply material when each of them is
separately present. However, the complicated
correlations among these material constituents can
lead to life. We are elucidating those correlations,
uncovering the mechanism of the biological
self-assembly, and clarifying the roles of water by
developing special theories based on statistical
mechanics and morphometric thermodynamics. The
achievements will provide important bases of
nanobiotechnology. The current subjects are
hydrophobic and hydrophilic hydrations, behavior of
confined liquids, folding/unfolding mechanisms of
proteins, molecular recognition, prediction of the
native structure of a protein, enhancement of the
thermal stability of membrane proteins, and
functioning of ATP-driven proteins.

B. Plasma Physics

The major subjects are to study fast-ion
confinement in plasma confinement devices and to
investigate interactions between fast-ions and
materials, such as a first wall and a vacuum vessel.
The fast-ion confinement is a critical issue for the
fusion reactor since the alpha particles produced in
the D-T reaction should be utilized to heat plasma
efficiently. The interactions between fast-ions and
materials cause the impurity problem for the plasma
energy confinement and the damage for the vessel or
the first wall materials occurs. Fast-ion profile and
velocity distribution are investigated using ion
cyclotron range of frequency (ICRF) minority
heating in Heliotron J with special emphasis on the
effect of the toroidal ripple of magnetic field strength
(‘bumpiness’). Optimization of the ICRF heating is
important for the three-dimensional magnetic
configuration. We also investigate the effect of the
position of the ion cyclotron resonance layer on the
fast ion formation and confinement.

(A-1) Effects of sugars on the thermal stability of
a protein [1]

In earlier works, we proposed a physical picture
of thermal denaturation of proteins in which the
measure of the thermal stability is defined as the
solvent-entropy gain upon protein folding at 298 K

normalized by the number of residues. A
multipolar-model water was adopted as the solvent.
The polyatomic structures of the folded and unfolded
states of a protein were taken into account in the
atomic detail. A larger value of the measure implies
higher thermal stability. First, we show that the
measure remains effective even when the model
water is replaced by the hard-sphere solvent whose
number density and molecular diameter are set at
those of real water. The physical picture is then
adapted to the elucidation of the effects of sugar
addition on the thermal stability of a protein. The
water-sugar solution is modeled as a binary mixture
of hard spheres. The thermal stability is determined
by a complex interplay of the diameter of sugar
molecules dc and the total packing fraction of the
solution 7: dc is estimated from the volume per
molecule in the sugar crystal, and 7 is calculated
using the experimental data of the solution density.
We find that the protein is more stabilized as the
sucrose or glucose concentration becomes higher and
the stabilization effect is stronger for sucrose than for
glucose. These are in accord with the experimental
results. Using an integral equation theory and the
morphometric approach, we decompose the change
in the measure upon sugar addition into two
components originating from the protein-solvent pair
and many-body correlations, respectively. Each
component is further decomposed into the
excluded-volume and solvent-accessible-surface
terms. These decompositions give physical insights
into the microscopic origin of the thermal-stability
enhancement. The higher stability of the native state
relative to that of the unfolded state is found to be
attributable primarily to an increase in the solvent
crowding caused by sugar addition. Due to the high
hydrophilicity of sugar molecules, the addition of
sugar by a larger amount or that with a larger
molecular size leads to higher 7, leading to the
increased solvent crowding.

(A-2) Physics of multidrug efflux through a
biomolecular complex [2]

Insertion and release of a solute into and from a
vessel comprising biopolymers is a fundamental
function in a biological system. A typical example is
found in a multidrug efflux transporter. “Multidrug
efflux” signifies that solutes such as drug molecules
with diverse properties can be handled. In earlier
works, we showed that the spatial distribution of the
solute-vessel potential of mean force (PMF) induced
by the solvent plays imperative roles in the
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insertion/release  process. The PMF can be
decomposed into the energetic and entropic
components. The entropic component, which
originates from the translational displacement of
solvent molecules, is rather insensitive to the
solute-solvent and vessel inner surface-solvent
affinities. This feature is not shared with the
energetic component. When the vessel inner surface
is neither solvophobic nor solvophilic, the solvents
within the vessel cavity and in the bulk offer almost
the same environment to any solute with
solvophobicity or solvophilicity, and the energetic
component becomes much smaller than the entropic
component. Our idea is that the multidrug efflux can
be realized if the insertion/release process is
accomplished by the entropic component exhibiting
the insensitivity to the solute properties. However,
we have recently argued that the entropic release of
the solute is not feasible as long as the vessel
geometry is fixed. Here we consider a model of TolC,
a cylindrical vessel possessing an entrance at one end
and an exit at the other end for the solute. The spatial
distribution of the PMF is calculated by employing
the three-dimensional integral equation theory with
rigid-body models in which the constituents interact
only through hard-body potentials. Since the
behavior of these models is purely entropic in origin,
our analysis is focused on the entropic component.
We show that the entropically inserted solute can be
released by a continuous variation of the vessel
geometry which forms a time-dependent entropic
force continuing to accelerate the solute motion to
the exit. Solutes with a wide range of sizes are
entropically released using the same vessel-geometry
variation. The results obtained are fairly general and
also applicable to the efflux pump protein AcrB and
ATP-binding cassette (ABC) transporter.

(B-1) Study of bumpiness and heating position
effect on fast ions using ICRF minority heating in
Heliotron J [3]

The fast ion confinement and ion heating
efficiency is studied using ICRF minority heating.
The better confinement in the high bumpiness and
the localization of fast ions in the high-field side
heating in the medium bumpiness are found in the
experiment and simulation.

Fast ion velocity distribution is investigated using
fast protons generated by ICRF minority heating in
Heliotron J, a low-shear helical-axis heliotron (Ry=
1.2m,a=0.1-0.2m, By £ 1.5 T). The fast ions are
measured by a charge-exchange neutral particle
energy analyzer (CX-NPA) installed at the opposite
position in the toroidal angle to the ICRF antennas.
The CX-NPA is positioned near the corner section of
Heliotron J plasma. The experimental condition is as
follows: the magnetic field strength is 1.25 T, the
line-averaged electron density is 0.4 x 10" m™ and
the ICRF power of 0.25-0.30 MW is injected into a
target plasma produced by a 70-GHz ECH. The ion

temperatures at the center of the ECH plasma are
about 0.2 keV. The minority ratio is about 10%.
Frequency of ICRF is 19 MHz or 23.2 MHz.

The high bumpiness among three bumpiness
configurations was preferable for the fast ion
confinement in the pitch angle scan experiment of the
CX-NPA under the on-axis heating condition. In
medium bumpiness, the two locations of cyclotron
resonance layer were examined. The effective
temperature, which is estimated from the slope of the
energy spectrum between 1 keV and 7 keV, of the
minority proton in on-axis heating was higher than
that in the inner-side heating; however, the bulk
deuteron temperature in on-axis heating was lower. It
is not consistent with the heating scheme since most
rf input power is absorbed by minority ions in our
experimental condition. Fast ion’s distribution is
occasionally localized in real space and there is the
loss region in velocity space in the high energy area.
The result of fast ion observation should be analyzed
including such effects and the configuration
dependence of such effects should be clarified.

The two dimensional CX-NPA scan for the line of
sight is performed for the three bumpiness
configurations in on-axis heating condition. The scan
region is from -2° to 12° for the horizontal angle and
from -2° to 6° for the vertical angle. The toroidal
position of the line of sight is changed in the
horizontal angle scan as well as the pitch angle of the
observed fast ions. The position of the line of sight in
the oblique cross section is changed in the vertical
angle scan. For the most angles, the effective
temperature of fast minority ions and the bulk ion
temperature in the high bumpiness are highest among
three configurations. In the high bumpiness case only,
the minority effective temperature profile is very
peaked at -2° and 0° of horizontal angle. In the larger
horizontal angle, the profile is relatively flat as in
other two bumpinesses. For the bulk ion temperature
profile, no such peaking is observed in all
bumpinesses.

In this campaign, one antenna is used to clarify
the effect of the heating position. The power level is
from 150 kW to 200 kW. At the horizontal angle of
0°, wvertical angle dependence of the fast ion
distribution using the lower antenna is very large,
whereas in the case of the upper antenna, the
dependence is small comparing with the lower
antenna case. To understand the experimental results,
Monte Carlo code is developing to calculate the
line-of-sight fast ion distribution.
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S. Kondo, Program-Specific Assistant Professor

1. Introduction

The ADMIRE project (Application of DuET and
MUSTER for Industrial Research and Engineering,
current project leader; Prof. Kimura) is originally
launched at IAE, Kyoto University in early 2006 as a
MEXT supported program "Open Advanced Facili-
ties Initiative for Innovation (Strategic Use by Indus-
try)". Our primary objective is providing and sharing
our resources, such as laboratory equipment and the
corresponding techniques, in areas of science and
technology to private companies. The representative
facilities, DUET & MUSTER, were historically ded-
icated for the research on energy science and tech-
nology, with the special emphasis on fusion reactor
materials R&Ds. Due to this reason many of nuclear
material relevant subjects are running in the begin-
ning of the ADMIRE. The current project, however,
is flexible to accept any new ideas from the industries
for supporting their R&D efforts, in so far as they are
innovative. Indeed, most subjects currently running
are not related to the nuclear applications, but related
to energy- and/or nano-science. Note that many in-
puts from these exciting new research fields drasti-
cally stimulate our original work.

2. Activities with DuET (Dual-Beam Irradiation
Facility for Energy Science and Technology)

As an important part of fusion material research,
evaluation of radiation damage in materials has been

Fig. 1 Summary of the DUET facility set-up.

emphasized more than three decades. Under the cur-
rent situation with no 14 MeV neutron irradiation fa-
cilities available for materials research, the Multiple
Beams—Materials Interaction Research Facility has to
have a very important role in many years to come. In
order to obtain clear understandings of radiation
damage in fusion materials, as the dynamic material
behavior under severe environments in advanced en-
ergy systems, such as fusion reactors, fission reactors,
a Multiple Beams—Material Interaction Research Fa-
cility (DuET facility: Fig. 1) has been constructed at
the TAE in 1998. The facility consists of a 1.7 MV
tandem accelerator system with a pair of ion sources
(a cesium sputter type heavy ion source and a
duo-plasmatron type light ion source), a 1.0 MV sin-
gle-end accelerator system with a light ion source
and three target stations.

Testing by ion-irradiation is extremely useful to
R&D of the nuclear materials because the flux “or
damage rate” is very large (and it is easily controlla-
ble!) and conditions are accurate comparing to the
testing in nuclear reactors. Thus, many advanced
materials, such as silicon carbide and nuclear grade
graphite, pro-vided by multiple commercial compa-
nies were tested within the ADMIRE framework.
Although, we originally specialize in the irradiation
study, some difficulties in testing the advanced mate-
rials, especially porous ceramic materials, were ex-
perienced. However, the developed methods (now the
patent is pending, submitted in AUG 2012) success-
fully revealed a unique irradiation effects observed in
those materials, such as the anisotropic dimensional
change of the graphite materials, which were pre-
sented at the internal and international con-francs.

On the other side of the DuET work is the crea-
tion of the functional materials, such as gradient ma-
terials, by implanting the specific ions which is orig-
inally absent in the matrix constituents. Unfortunately,
most topics cannot be discussed here because of the
fixed-term classified contract between the ADMIRE
and companies. However, those works help us to cre-
ate new idea for the DuET application.
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Structural & chemical analysis
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Fig. 2 Summary of the MUSTER equipment (selected).

3. Activities with MUSTER (Multi-scale testing
and evaluation research) facility

Various analytical devices and mechanical testing
machines are included in the MUSTER facility; each
covers different scale range, respectively. Especially
for the ADMIRE related work, an analysis of thin
foils, coating materials, nanosized particles, and the
control of nanoscale textures seem to be the key
words of the recent users’ demands. Two powerful
analytical systems, KU-FEL (Kyoto University
mid-infrared free electron laser facility managed by
Prof. Ohgaki, Quantum Radiation Energy Section,
Advanced Energy Generation Division, IAE) and
NMR (three high-sensitive NMR systems managed
by Prof. Katahira, Advanced Energy Ultilization
Division, Advanced Energy Ultilization Division,
IAE), have perticipated in the MUSTER in early
2013. Some upgrading and expanding of the
MUSTER equipments, such as the instllation of new
XRD detector, high-resolution-TEM CCD camera,
and GD-OES were achevived as well in 2013 to
satisfy a recent user need. The latest available
resources can be found in ADMIRE official site
(http://admire.iae.kyoto-u.ac.jp).

Offering the right device for the right research
objective is one of our key missions in addition to the
technical advices for the device operation. One can
say these analytical devices are the essential for most
ADMIRE subjects, currently 33 subjects are running,
where the percentage of operating time for the
ADMIRE related work is more than 50% (averaged,
DEC 2013) of the total hours of use. Some have
strong connection to the DuET experiments because
the ion irradiation typically modify the atomic-scale
structure. Some of ADMIRE subjects, such as the
microstructural analysis of the grain boundary
diffusion in neodymium magnet, led to the
collaboration research with TAE, and those were

presented at conferences and published in scientific
journals by our faculty stuff.

The followings are the key analytical electron
microscopies of the MUSTER.
* Field Emission Transmission Electron Microscope
(JEOL JEM-2200FS): This is designed for both high
resolution TEM/STEM and analytical microscopy
with a 200kV field emission gun. Point and line
resolutions are 0.23 nm and 0.1 nm, respectively. The
attachments or analytical methods which can be
utilized are EDX, EELS, HAADF, Z-contrast
imaging, etc.
* Field Emission Scanning Electron Microscope
(Zeiss ULTRASS): This is a field emission scanning
electron microscope (FE-SEM) incorporating a cold
cathode field emission gun. Voltage range is from 0.5
kV to 30 kV. The resolution is 1 nm at 15 kV. The
attachments are EDX and EBSD.

4. People

Human resources are the most important assets of
the ADMIRE project. The followings are the mem-
bers providing direct supports for all subjects cur-
rently running (MAR 2014, faculty professors are
excluded in the following list).
- Hideki Matsui, Ph. D., Specially Appointed Pro-
fessor.
- Okinobu Hashitomi, Administrator of DuET accel-
erators.
- Takamasa Ohmura, Administrator of MUSTER fa-
cility.
- Je Hwanil, Ph. D., Program-Specific Researcher.
- Park ChangHo, Ph. D., Program-Specific Re-
searcher.
- Han Wentuo, Ph. D., Program-Specific Researcher.
- Yasunori Hayashi, Program-Specific Researcher.
- Aya Kitamura, Technical Support Stuff.
- Reine Sakamoto, Secretary.
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Student award in Institute of Advanced
Energy

Quantum Radiation Energy Research Section
Kyohei Yoshida (D3)

I published a paper about mode-selective phonon
excitation (MSPE). In this paper, MSPE of 6H-SiC
by a mid-infrared pulse laser through anti-Stokes
Raman scattering spectroscopy was demonstrated
directly. MSPE is an important issue to develop en-
ergy saving devices because MSPE becomes a pow-
erful tool for the study of ultrafast dynamics such as
the electron-phonon interaction and the pho-
non-phonon interaction, which are significant factors
for physical properties of those. The direct demon-
stration of MSPE of a solid material by a
mid-infrared laser through anti-Stokes Raman scat-
tering spectroscopy was conducted for the first time
in the world.

Award

Poster presentation award in 24th annual
meeting of Association for Condensed
Matter Photophysics.

Advanced Energy Materials Research Section
Naoto Akizuki (M2)

The Association for Condensed Matter Photo-
physics was founded in 1989 as a nonprofit, educa-
tional organization concerned with a broad range of
phenomena relating to photophysics of condensed
matter. The meetings have been held every year
mainly in Kanasai area of Japan.

In the 24th annual meeting, I presented a work on
excitation density dependence of photoluminescence
spectra of excitons and trions (charged excitons) in
hole-doped single-walled carbon nanotubes. I found
that the photoluminescence intensity of trions exhib-
ited a strong nonlinear saturation behavior as the ex-
citation density increased, whereas that of excitons
exhibited a weak sublinear behavior. I revealed that
the strong photoluminescence saturation of trions is
attributed to depletion of doped holes that are cap-
tured by excitons in the formation processes.
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Excellent presenter awards in the 34th
annual meeting of The Laser Society of
Japan

Advanced Laser Science Research Section
Toshishige Inoue (M2)

Founded in 1973, The Laser Society of Japan
(LSJ) is an international and domestic nonprofit as-
sociation in the fundamental and industrial research
relating to the laser and its application. The domes-
tic annual meeting has been held every year.

In the 34th annual meeting in Fukuoka, I pre-
sented an experimental work on fundamental interac-
tion process in nanograting formation on metal sur-
faces induced with femtosecond laser pulses.

Award

2013 Young Researcher Award by Re-
search Foundation for Opto-Science and
Technology.

Advanced Energy Materials Research Section
Yuhei Miyauchi
(Specially Appointed Associate Professor)

The Research Foundation for Opto-Science and
Technology was founded in 1988 as a public interest
incorporated foundation for promoting development
of science and technology of optics and photonics.

The award was given on my recent research
achievements on optical properties and function-
ali-ties of carbon nanotubes.
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Best Poster Award in 7th International
Symposium on Nanomedicine

Biofunctional Chemistry Research Section
Eiji Nakata (Lecturer)

Japan Nanomedicine Society was founded in
2001 to give the broad fields’ researchers who are
interested in nanomedicine a chance to discuss and
communicate about it. International symposium have
been held every year mainly in Japan.

In the 7" international symposium, I presented
the recent our research topics by following title, “A
rational design strategy to design latent ratiometric
fluorescent pH probes based on self-assembled
SNARF derivatives”. As well known, fluorescence
imaging is one of the powerful techniques for con-
tinuous observation of dynamic intracellular pro-
cesses of living cells. Fluorescent probes bearing a
fluorescence switching property associated with a
specific recognition or reaction of target biomolecule
are therefore important for fluorescence imaging.
Among them, the ratiometric fluorescent probe
would generally offer an advantage over the intensity
changing fluorescent probes not only test tube usage
but also cellular application. Especially in the case of
small molecules based ratiometric fluorescent probes,
however, the initial fluorescence of the probe may
prevent further intracellular application because the
high background fluorescence of outside of cell must
remain without washing operation. The latent rati-
ometric fluorescent probe which is defined as the
probes to turn on inside cell via ester hydrolysis and
to detect intracellular molecules including enzyme by
ratiometric manner is possible to overcome the
drawbacks. Therefore, the self-assembled SNARF
derivatives recently we developed methodology
(Chem. Commun., 2010, 46, 3526, and RSC Adv.,
2014, 4, 348.) were used as the platform of the latent
ratiometric fluorescent probes. The structure-activity
relationship of the SNARF derivatives were explored
and a rational design strategy for controlling
self-assembled SNARF derivatives were developed.
And the intracellular application of latent ratiometric
fluorescent probe working as the intracellular pH in-
dicator was discussed. The poster was well received,
and even garnered a poster award.

Award

The 40™ International Symposium on
Nucleic Acids Chemistry Outstanding
Poster Award in 2013.

Structural Energy Bioscience Research Section
Tsukasa Mashima (Post-doc)

The international symposium on nucleic acids
chemistry was founded in 1973 as an annual domes-
tic meeting, and has become an international sympo-
sium in 2005. This symposium has contributed to
development of the field of nucleic acids chemistry,
as well as genetic technology, molecular biology,
nanobiotechnology, and the therapeutic and diagnos-
tic applications. The 40" symposium was held in
Yokohama.

In the 40" symposium, I presented our latest
work entitled “Origin of the anti-prion activity of
quadruplex”. Quadruplexes are higher-order nucleic
acids structures formed from guanine rich sequences
through hydrogen bonding between four guanine ba-
ses. We have recently found that the quadruplex
structure of nucleic acids is responsible for anti-prion
activity. In this symposium, I demonstrated that we
have performed screening of the anti-prion activity
among the nucleic acids that have distinct sequences
and take on different topologies. Then, we have ob-
tained a nucleic acid that was found to reduce the
production of an abnormal prion protein (PrP)
down to 10%. We estimated the 50% inhibitory con-
centration (ICsg) of the newly selected nucleic acid
and it was around 100 nM. Judging from this low
ICs¢ value, it is promising to develop an anti-prion

drug derived from this nucleic acid.
Quadruplex

Prion-infected ‘ ‘ ‘

cells

Western blotting -

Sc
for F’iF’ 0 = -
Evaluation of reduction = aRESEd B
in PrPse ————— pr

Scheme of the screening for anti-prion nucleic acids.
Nucleic acids folded into quadruplexes (upper) were
added to prion-infected cells (middle). And then cells
were lysed and analyzed by Western blotting for PrPS
(lower).
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It is an urgent task to find out the best solutions
against the energy and environmental problem for
the sustainable development of human beings. The
new energy system for this purpose has to be an
environmentally friendly or ecological one. Here,
we should consider not only the energy sources but
also the efficiency in the each phase of energy
usage. The former should have good quality and
enough quantity. The latter should be useful to
realize three Rs in the energy system;

* Reduce of energy consumption,
environmental pollutant such as greenhouse
gas, waste-heat, hazardous waste, etc.

* Reuse of waste heat/energy, etc.

* Recycle of fuel, etc.

In order to realize them, only the extension of the
present technology is not enough. Interdisciplinary
studies with innovative ideas are necessary to
realize the energy system for next generation.

We propose a new ambitious concept of
Zero-Emission Energy. IAE Zero-Emission Energy
Research aims at the realization of environmentally
friendly energy system for sustainable society with
minimum emission of environmental pollutants and
with maximum utilization of energy and resources.

The 4" International Symposium of
Advanced Energy Science

# 15:00~17.00
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Fig. 1 Poster of the 4™ International Symposium

-132-

Joint Usage/Research Program

Joint Usage/Research Program
“Zero-Emission Energy Research”

Since FY 2011, we have operated a project, “Joint
Usage/Research  Program on  Zero-Emission
Energy”, which is the program authorized by the
MEXT. Here, we aim to (1) promote
interdisciplinary joint usage/research studies for
Zero-Emission Energy Science & Technology, (2)
promote education & practical training for young
researchers and (3) explore new horizon of
Advanced Energy System for sustainable
development. IAE provides many unique &
attractive facilities for the Joint Usage/Research not
only in the field of advanced plasma & quantum
energy but also in the field of photonics & energy
nano-science research.

Many researchers have participated in this
program. In FY 2013, Joint Usage/Research
collaborations of total 78  subjects on
Zero-Emission Energy were performed with more
than 520 participants (~380 visitors) including
graduate/undergraduate students from 38 all-Japan
Universities and Institutions. The results of these
collaborations are summarized in a report “IAE
Joint Usage/Research Program on Zero-Emission
Energy 2013.” Some of them were presented and
discussed in a Research Summary Session of
FY2013 held at Uji Campus on March 5, 2014. If
you have interest to this collection, please contact
to the Office of Zero-Emission Energy Research
(kyodo-office@iae.kyoto-u.ac.jp).

In addition to the Joint Usage/Research
collaborations, we organized "the 4th International
Symposium of Advanced Energy Science
Principle of Zero-emission Energy~" on September
30 — October 4, 2013 at Uji Obaku Plaza, Kyoto
University (Fig. 1). This symposium consists of
plenary and poster sessions, panel discussions and
parallel seminars. About 220 scientists and students
including six foreign and five domestic invited
speakers were participated in the symposium. In
addition, several informal seminars and/or
internship on Zero-Emission Energy were also
organized. (http://www.iae.kyoto-u.ac.jp/zero_
emission/calendar2013.html)

We are also operating “Zero-Emission Energy
Network™ to share the knowledge of Advanced
Energy and Zero-Emission Energy with researchers
in the fields of energy science and technology,
since world-wide activities for Zero-Emission
Energy Research are indispensable for the
realization of sustainable society.



List of Zero-Emission Energy Joint
Usage/Research Subjects in FY 2013
(Subject, Principal Researcher, TAE Key Person)

Hydrogen isotope retention behavior for heavy ion
implanted tungsten under higher temperature
Y. Oya, T. Hinoki

Phase stability in RAFM and ODS steels under ion
irradiation
H. Abe, A.Kimura

Enzymatic conversion of carbon dioxide to
methanol using biopolymer gel matrix
N. Tanaka, T. Morii

Structural ~ determination of  self-organizing
glycoconjugates for development of high
value-added biomass

M. Takeda, M. Katahira

R&D of high-resistant cladding materials in FBR
against FP corrosion due to FCCI

K. Fukumoto, A.Kimura

Corrosion properties of Advanced Joints of
Reduced Activation Ferritic/Martensitic Steel

T. Hirose, A.Kimura

Photo-Energy Conversion System Using DNA As a
Carge Transporting Material
K. Yamana, T. Morii

High-Fluence Irradiation Behavior of Reduced
Activation Fusion Reactor Materials
H. Tanigawa, T. Hinoki

Evaluation of radiation damages and helium effect
on ODS ferritic steels
H. Sakasegawa, A. Kimura

NMR analysis of supramolecular structure of lignin
and lignin-carbohydrate complex for advanced
biomass utilization

K. Fukushima, M. Katahira

Tungsten material behavior under complex fusion
irradiation environment
Y. Ueda, A.Kimura

Study on Gas Fueling and Pumping Systems for
D-T Burning in Discharge Fusion Neutron Source
Y. Yamamoto, K. Masuda

Influence of high temperature irradiation on
hydrogen isotope retention and permeation in first
wall materials for fusion reactors
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Y. Hatano, T. Hinoki
Effect of He atoms in low-activation ferritic steel
H. Kinoshita, A.Kimura

Construction of a high particle and high
temperature loading experiment system using the
ion beam test stand, and test fusion reactor diverter
system

Y. Yamamoto, S. Konishi

Study on Mechanisms of Radiation Resistance of
Advanced Tungsten Alloy

A. Hasegawa, A.Kimura

Effect of SFE on irradiation microstructure in
Fe-Cr-Ni alloys
K. Yabuuchi, A. Kimura

Damage Formation Mechanism of Tungsten Under
Repetitive and Pulsed High-Heat Load Conditions
(Part 2)

K .Ezato, A.Kimura

Synergistic effects of displacement damage and
tansmutant helium on the microstructure of fusion
reactor structural materials and joints

T. Yamamoto, A. Kimura

Radiation induced hardening of pressure vessels
steels due to ion irradiaton

H. Watanabe, A. Kimura
Development of the particle
dispersion/precipitation  strengthened  Ni-base

alloys as advanced nuclear materials and their
evaluation of the microstructural behavior under
irradiation

S. Ukai, A.Kimura

Studies on Helical Structure in Current-Carrying
Toroidal Plasmas and Their Impact on Helical
Plasma Research

S. Masamune, T. Mizuuchi

Structural analysis of lignin by ultra-high
sensitivity NMR for biorefinery
T. Watanabe, M. Katahira

Study on photocatalytic film synthesis and
biological CO2 fixing using infrared free electron
laser

T. Sakae, H. Ohgaki

Property change on plasma facing materials for
fusion reactor by high energy ion irradiation
K. Tokunaga, A.Kimura



Hybrid Solar Energy Research suitable for Rural
Electrification
H.W. Ping, H. Ohgaki

Development of multi-pulse laser for energy
enhancement of KU-FEL
R. Kuroda, H. Ohgaki

Development of Green Chemical Semiconductor
Materials and Visible Light Response Photocatalyst
by Dual-Beam Facility for Energy Science and
Technology

K. Suzuki, A.Kimura

Improvement of mechanical, corrosion and
irradiation properties of low activation vanadium
alloys for fusion reactor

T. Nagasaka, A.Kimura

Multiple hydrogen trapping and thermal release at
vacancies in high-fluence hydrogen plasma-
tunsgten materials interaction

D. Kato, K. Morishita
Microstructure evolution of  ion-irradiated
oxide/nitride ceramics ~ Role of electronic

excitation and selective displacement damage~
K. Yasuda, A.Kimura

Technology development of joining between
nanostructured, toughened W-TiC and ODSS
alloys for blanket structures

H. Kurishita, A. Kimura

Zero-emission energy system-challenge design and
development of low-carbon boron tracedrugs for
neutron dynamic therapy (NDT)

H. Hori, E. Nakata

Analysis of interaction between DNA and DNA
binding domains of transcription activator-like
effectors
M. Imanishi, T. Morii

NMR analysis of the interaction between an
artificial RNA and a transcription factor

T. Sakamoto, T. Nagata

Design of functional protein nano-fiber and its
application to the cell culture plate
N. Tanaka, T. Morii

R&D of Diverter Element for Fusion Reactor
Using Explosion Welding
K. Hokamoto, R.Kasada

Correlation measurement of electron cyclotron
emission signals at two toroidal positions in torus

—134 -

plasmas
Y. Yoshimura, K. Nagasaki

Study of electron bunch length by measuring
coherent synchrotron radiation with narrow-band
detectors

N. Sei, H. Ohgaki
Development of ultrasound-enhanced
cell-internalization method

A. Harada, E.Nakata

Studies on DNA Nanowire Transistor
K. Yamana, T. Morii

Transport analysis for high energy particles using
numerical simulation codes in three-dimensional
plasmas

Y. Nakashima, S. Kobayashi

Highly efficient photochemical reactions induced
by optimal laser pulses
Y. Ohtsuki, T. Nakajima

Development of Radiation Detection Method
Emitted from IEC Device
T. Misawa, K. Masuda

Porosification of semiconductor electrodes by
electrochemical  processes  under  dynamic
self-organization

E. Tsuji, K. Fukami

Study on Fatigue Life Evaluation Method of
SiC/SiC Composite
S. Nogami, T. Hinoki

Research on the production mechanism of cluster
anions in laser ablation plasma for the development
of functional materials

T. Kobayashi, T. Nakajima

Development and microstructure control of
Composite  Materials for High  Thermal
Conductivity

G. Sasaki, T. Hinoki

Creation of  hierarchical self-assembling
architectures in a microfluidic device

M. Numata, E.Nakata

Assembly of the rare metal binding protein on the
DNA origami
Y. Mori, T. Morii

Development of Organic-Inorganic Hybrid Film
toward High-Performance Organic Thin-Film Solar
Cells



T. Akiyama, H. Sakaguchi

Comparative study of tokamak and helical viewed
from heat and particle exhaust in fusion reactor

M. Kikuchi, K. Nagasaki

Development of iron-base composite materials
with high thermal conductivity
N. Hashimoto, A. Kimura

A fluorescent probe for imaging of energy
metabolism in cells
S. Sato, T. Morii

Modeling of microstructural change in reduced
activation ferritc/martensitic steel
Y. Watanabe, K. Morishita

Effects of Heavy lon Irradiaion on Microstructure
of Nuclear-grade Advanced SiC Fibers
K. Ozawa, T. Hinoki

Development of novel guanine-tethered antisennse
probes
M. Hagihara, T. Morii

Effects of MeV order ion irradiation on
nanostructure formation on novel metallic thin
film/SiO2 glass substrate and correlation ship
between nanostructure and its optical properties

T. Shibayama, T. Hinoki

Build-Up Strategy of ultra-thin carbon wire for
Energy Conservation Devices
T. Nakae, H. Sakaguchi

Diagnostics of Plasma Turbulence by Using
Micro-Wave
S. Inagaki, K. Nagasaki

Development of a steerable cylindrical millimeter
wave launcher
H. Shidara, K. Nagasaki

Relation between a force vector acting on a solute
in the vicinity of a surface and solvation structure
around the solute

K. Amano, K. Fukami

Theoretical study on atomistic modeling for
interactions between hydrogen/oxygen atoms and
additive elements in zirconium alloys

Y. Kaneta, K. Morishita

Flow analysis from a nozzle for SMBI
N. Nishino, T. Mizuuchi

Phase relaxation mechanism of excitons in doped
carbon nanotubes
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S. Konabe, K. Matsuda

Phase measurement of Vacuum-Ultraviolet pulse
and control of electronic states

R. Itakura, T. Nakajima

Study of "zero-emission" molecules by
time-resolved photoelectron spectroscopy with
high harmonic pulses

T. Sekikawa, T. Nakajima

Investigation of methodology for Deliberative
Polling based on science eduation to better reflect
public opinion for nuclear power and other energy
sources

H. Iwakiri, K. Morishita

Development of nano-scale assembly technique of
multiple functional proteins
Y. Aizawa, T. Morii

Probing the intrinsic electrical and optical
properties of high-quality graphene and carbon
nanotubes by microscopic spectroscopy

R. Kitaura, K. Matsuda

Development of smart electronic devices using
organic-inorganic composite materials with nano
interface

T. Yamauchi, K. Fukami

Studies of visualization based on computer
tomography of fluctuation in three dimensional
high temperature plasmas
S. Ohdachi, S. Yamamoto

Development  of  single-electron  irradiation
technique for microscopic track structure study

Y. Uozumi, H. Ohgaki
Detection of deuterium site  of
deuterium-charged tungsten

K. Sato, A.Kimura

trapping

Unraveling the optical properties of individual
carbon nanotubes by microscopic spectroscopy
Y. Miyata, K. Matsuda

Development of multi-channel spectroscopic
system for turbulence measurement in high
temperature plasma

A. Fujisawa, S. Ohshima

Boudary diagnostics and rf heating in Heliotron
J-111
K. Uehara, T. Mizuuchi






5. COLLABORATION WORKS IN
THE LABORATORY FOR COM-
PLEX ENERGY PROCESSES
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Collaboration Works in
The Laboratory for Complex Energy Processes

1. Introduction

The laboratory was established in 1996 simulta-
neously with the institute as an attached facility for
research on advanced processes of energy production,
conversion and application. On the other hand, re-
source and energy problems as well as global warm-
ing problems become very serious in recent years. We
must concentrate all our knowledge and wisdom to
find solutions to these problems. From such a view-
point, the laboratory has been recognized again since
FY2006 so that the research targets of the laboratory
should be focused on two specific fields, (i) "ad-
vanced studies of science and technology on plasma
energy and quantum energy" and (ii) "innovative
studies of nano-bio functional materials for power
generation". Therefore, two sections (A2 and A3
mentioned below) are founded. Section of promotion
for international collaborative research arranges and
promotes international and domestic research collab-
orations.

In order to perform the research objectives of the
Institute of Advanced Energy, it is essentially neces-
sary to organize the cooperative research program
with much close connection between related research
fields in the institute. The laboratory takes charge of
organizing and promoting the cooperative research
project as a center of research activity in the Institute.
The research staffs in the institute participate in spe-
cific projects to carry out their subjects. The scientists
of other faculties in Kyoto University can also partic-
ipate in the cooperative project to enhance the pro-
gress of research and educational activities. The la-
boratory also manages various functions such as
symposium and seminar for related topics on energy
field. The cooperative research activities will be pub-
lished in a publication edited in the laboratory at the
end of the year.

Al Section of Promotion for International Collabo-

rative Research

This section promotes international collaborative
research on advanced energy to lead the field of energy
science and technology as an international pioneer.
Collaborative researches between the institute and do-
mestic/international organizations are supported to-
wards realization of advanced energy system as prac-
tical applications with contributions to human society.
This section also promotes personal exchange, cooper-
ative research activities and multi-lateral collaborative
research with industries. Establishment of infrastruc-
ture and human resource development are supported

for execution of collaborative R&D activities on ad-
vanced energy.

A2 Section of Promotion for Advanced Plasma and

Quantum Energy

This section promotes studies on advanced plasmas
and quantum energy for realizing future energy sys-
tems, integrating plasma energy science and advanced
energy material research. In particular, based on the
results obtained in our related group, we aim at ex-
tending the research fields and contributing to human
society by utilizing the existing key devices such as
Heliotron J, DuET and MUSTER which have been
developed in TAE.

A3 Section of Promotion for Photon and Energy

Nano-Science Research

This section promotes studies on photon and energy
nano-science for realizing next generation renewable
energy system. In particular, functional nano- and
bio-materials to utilize solar energy and bio-energy are
studied by unifying laser science, nano-technology, and
bio-technology, We aim at extending our research field
by utilizing the existing devices such as System for
Creation and Functional Analysis of Catalytic Materi-
als, SEMs, SPM, Solar Simulator, TW fs laser,
MIR-FEL, and so on.

B  Cooperative use of facilities and equipment
Facilities and equipment of the laboratory are pro-
vided to researches cooperated for the scientists in the
university.

2. The cooperative research project

Summary of the standard cooperative research sub-
jects carried out in the year of 2013.

A public collection of cooperative research applica-
tion was carried out, in this year, for a program which
consists of three groups of “Kiban”, “Syorei” and
“Kikaku-chosa” cooperative research. The “Kiban”
cooperative research means a program to promote
leading research themes of the institute projects. The
“Syorei” cooperative research means a program to
promote general research themes with respect to the
institute projects. The “Kikaku-chosa” cooperative re-
search means a program to promote the cooperative
research through a seminar or symposium.

As a result, the research themes of 29 were applied
and applications of 29 were accepted after the approval
by a steering committee of the laboratory. The number
of research subjects is listed in Table 1 according to the
project categories.
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Table 1 Number of the accepted research subjects according to the standard project theme
The whole sum 32

category A B total
Al A2 A3
Kibann inside 1 1 1 0 3
outside 0 0 | 0o | 0 0
Syorei/Kikaku-chosa inside 6 10 8 0 24
outside 1 0 | 0o 1 2

“inside” or “outside” : Numbers applied by the inside or outside of the Institute

The individual research subjects are as follows.

Al

“International Collaborative Research on Ad-

vanced Biorefinery”

(1) BJ.Lee

(2) R. Norton

(3) M. Katahira , T. Morii, M. Kinoshita, T. Kodaki,
E. Nakata, T. Nagata, T. Mashima, K. Kondo

(1) College of Pharmacy, Seoul Natl.Univ.

(2) Medical Chemistry, Monash Univ.

(3) Institute of Advanced Energy, Kyoto University

A2,
“Development of Advanced Plasma and Quantum
Energy Studies”

(1) T. Mizuuchi, F. Sano, S. Konishi, K. Nagasaki,
K. Morishita, K. Masuda, H. Okada, T. Minami,
R. Kasada, S. Kado, U. Takeuchi, S. Kobayashi
S. Yamamoto, S. Ohshima, S. Kondo, Shi Nan,
S. Konoshima

(2) Y. Nakamura

(3) T. Akiyama, K. Tanaka, T. Kato

(4) T. Fukuda

(5) Y. Nakajima

(6) M. Ohnishi, Y. Yamamoto

(7) T. Iwakiri

(8) M. Miyamoto

(1) Institute of Advanced Energy, Kyoto University

(2)  Graduate School of Energy Science, Kyoto
University

(3) National Institute for Fusion Science

(4) Osaka University

(5) University Tukuba

(6) Kansai University

(7)  University Ryukyu

(8) Shimane University

A3
“Research on establishment of Photo-Energy
Nano Science”
(1) K. Matsuda, Member of Photo-Energy
Nano-Science
(1) Institute of Advanced Energy, Kyoto University

Al

“Suppression of MHD Instabilities by Control of
Rotational Transform”

(1) K. Nagasaki, S. Yamamoto, K. Masuda,
S. Ohshima, K. Sakamoto, F. Sano, T. Mizuuchi,
T. Minami, H. Okada, S. Kado, S. Kobayashi,
S. Konoshima,

(2) Y. Nakamura

(3) Y. Yoshimura, G. Motojima, K. Mukai

(4) N. Marushchenko

(5) A. Cappa,

(6) F. Volpe

(1) Institute of Advanced Energy, Kyoto University

(2)  Graduate School of Energy Science, Kyoto
University

(3) National Institute for Fusion Science

(4) Max Plank Institute, Germany

(5) CIEMAT, Spain

(6) Columbia University USA

“Materials research for seeking advanced nuclear
safety”

(1) K. Morishita, A. Kimura

(2) Y. Yamamoto, T. Nakasuji

(3) S. Ishino

(4) H.Abe

(5) H.Muta

(6) H. Iwakiri

(1) Institute of Advanced Energy, Kyoto University

(2)  Graduate School of Energy Science, Kyoto
University

(3)  University of Tokyo

(4)  School of Engineering, Tohoku University

(5) Graduate School of Engineering, Osaka Uni-
versity

(6) Dep. Education, University of Ryukyu

“Study on Tritium Flow in Fusion Reactor and
Environment by System Dynamics”
(1) R.Kasada, S. Konishi, T. Shibata

(2) S.Kwon
(3) K. Noborio
(4) K. Ibano

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto Uni-
versity

(3) Toyama University

(4) University of Tokyo
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“Energies of Coincidence Boundaries in Si (100)
Twist Boundaries”
(1) K. Ishihara
(2) A. Ohtsuki
(1) Graduate School of Energy Science, Kyoto Uni-
versity
(2) Institute of Advanced Energy, Kyoto University

“Construction of high-efficient material conver-
sion system on DNA nanostructure”

(1) E. Nakata, T. Morii, T. Kodaki, S. Nakano

(1) Institute of Advanced Energy, Kyoto University

“Development of a highly efficient bioethanol
production yeast by genetic engineering”

(1) T.Kodaki, T. Nagata

(2) S. Sawayama

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Agriculture, Kyoto Univer-

sity

“Laser nanoprocessing on solid surfaces with
femtosecond-laser-induced surface plasmon po-
laritons”

(1) G. Miyaji, K. Miyazaki

(2) A.E.Kaplan

(3) J. Reif

(1) Institute of Advanced Energy, Kyoto University

(2) Johns Hopkins University

(3) Brandenburgische Technische Uniyv.

A2

“Multiscale modelimg of material’ s behavior un-
der nuclear fusion condition”

(1) Y.Kaneta

(2) Y. Watanabe

(3) D.Kato

(4) S. Ohnuki

(5) M. Miyamoto

(6) X. Qui, T. Yoshiie

(7) Y. Yamamoto, T. Nakasuji

(8) K. Morishita, A. Kimura

(1) Akita National College of Technology Japan

(2) Japan Atomic Energy Agency

(3) National Institute for Fusion Science

(4) Graduate School of Engineering, Hokkaido
University

(5) Interdisciplinary Faculty of Science and Engi-
neering, Shimane University

(6) Kyoto University Research Reactor Institute

(7)  Graduate School of Energy Science, Kyoto
University
(8) Institute of Advanced Energy, Kyoto University

“Computational Study of Twisted-Tape-Induced
Swirl Flow Heat Transfer and Pressure Drop in
Vertical Circular Tubes with Various

Twisted-Tape Inserts (Part3. Influence of Twist
Ratio on Thickness of Conductive Sub-layer)

(1) K. Hata

(2) K. Hukuda

(3) T. Masuzaki

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Maritime Science, Kobe

University
(3) National Institute for Fusion Science

“Development of Tow-dimensional Image Monitor
for Diverted Plasma in Heliotron J”
(1) T. Mizuuchi, H. Okada, S. Kobayashi, S.
Yamamoto, S. Ohshima
(1) Institute of Advanced Energy, Kyoto University

“Study of Mechanism of Ion Cyclotron Range of
Frequency Heating of Plasma in a
Non-Axisymmetic Magnetic Field”

(1) H. Okada, S. Kobayashi, S. Yamamoto, T.

Minami, S. Ohshima, T. Mizuuchi, K. Nagasaki,
F. Sano, S. Kado

(2) Y. Nakamura

(3) T. Mutoh

(4) Y. Nakashima

(5) N. Nishino

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto Uni-

versity

(3) National Institute for Fusion Science

(4) Tsukuba University

(5) Graduate School of Engineering, Hiroshima

University

“Development of multi-channel probes and analy-
sis technique for visualization of edge turbu-
lence”

(1) S. Ohshima, S. Yamamoto, S. Kobayashi, K.
Nagasaki, F. Sano, T Mizuuchi, H. Okada, S.
Nan, S. Konoshima,

(1) Institute of Advanced Energy, Kyoto University

“Development of High Speed Data Acquisition
System to Increase Resolution of Nd;YAG
Thomson Scattering Measurement”

(1) T. Minami,

(2) H. Funaba, K. Yamada, H. Nakanishi

(3) T. Hatae

(1) Institute of Advanced Energy, Kyoto University

(2) National Institute for Fusion Science

(3) Japan Atomic Energy Association

“Standardization and Verification of Lifetime
Evaluation Method of W-Divertor Structural
Component”

(1) A. Kimura, H. Wentuo, O. Hashitomi, T,

Ohmura
(1) Institute of Advanced Energy, Kyoto University
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“Study of high density plasma operation using
novel fueling method and its transport charac-
teristics”

(1) S. Kobayashi, T. Mizuuchi, F. Sano K. Nagasaki

H. Okada, T. Minami, S. Yamamoto, S. Kado
S. Konoshima,

(2) Y. Nakamura, M. Kirimoto, T. Harada

(3) Y. Nakashima

(4) Y. Suzuki, K. Nagaoka, Y. Takeiri, S. Okamura,

K. Mukai,

(5) T. Ohishi

(6) S. Murakami,

(7) T. Estrada

(8) H.Lee

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto

University

(3) Tsukuba University

(4) National Institute for Fusion Science

(5) Faculty of Engineering, Nagoya University

(6) Graduate School of Engineering, Kyoto Univer-

sity

(7) CIEMAT, Spain

(8) Korea Advanced Institute of Science and Tech-

nology

“Studies of MHD equilibrium and stability in high
beta plasmas of Heliotron J”

(1) S. Yamamoto, H. Okada, F. Sano, T. Minami, T.
Mizuuchi, S. Kobayashi, K. Nagasaki, S. Kado,
S. Ohshima, S. Konoshima S. Nan

(2) Y. Nakamura

(1) Institute of Advanced Energy, Kyoto University

(2)  Graduate School of Energy Science, Kyoto
University

“Identification of the line spectra in Heliotron J

for the plasma diagnostics”

(1) S.Kado, S. Yamamoto, H. Okada, F. Sano, T.
Minami, T. Mizuuchi, S. Kobayashi, K. Nagasa-
ki, S. Ohshima, S. Konoshima

(2) Y. Nakamura

(1) Institute of Advanced Energy, Kyoto University

(2)  Graduate School of Energy Science, Kyoto

University

A3

“Isolation of KU-FEL pulses using plasma shut-

ters”

(1) T. Nakajima, H. Zen, T. Kii, H. Ohgaki, X.
Wang

(2) Y.Qin

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto Uni-
versity

“Analysis of structure-function relationships on
wood degrading enzymes for better utilization of
woody biomass”

(1) T. Nagata, M. Katahira, T. Morii, T. Kodaki, E.
Nakata
(1) Institute of Advanced Energy, Kyoto University

“Study on Photoelectron Emission Property of
LaB¢ and CeBg”

(1) H. Zen, H. Ohgaki, K. Masuda. T. Kii

(2) K. Okumura

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Engineering, Kyoto Univer-

Sity

“Development of metal negative electrodes for
next generation rechargeable batteries”

(1) K. Fukami,

(2) T. Sakka,

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Engineering, Kyoto Univer-

sity

“Development of wavelength scanning system for
KU-FEL”

(1) T.Kii, H. Ohgaki, K. Masuda, H. Zen, E. Nakata

(1) Institute of Advanced Energy, Kyoto University

“Evaluation of Enzyme Activity for MIR Free
Electron Laser irradiation”
(1) H. Ohgaki, T. Morii, T. Kii, E. Nakata, K. Ma-
suda, H. Zen
(1) Institute of Advanced Energy, Kyoto University

“Basic Study on Compact THz-FEL System”

(1) H. Ohgaki, K. Masuda, T. Kii, H. Zen

(2) Y. Tsugamura

(1) Institute of Advanced Energy, Kyoto University

(2)  Graduate School of Energy Science, Kyoto
University

“Feasibility study on high-power wavelength
tunable THz pulse laser (I)”

(1) T.Kii, H. Ohgaki, K. Masuda, H. Zen

(1) Institute of Advanced Energy, Kyoto University

B

“Verification of selective phonon excitation by
MIR-FEL”

(1) H. Hachiya, K. Yoshida

(2) H. Ohgaki, H. Zen

(1) Graduate School of Energy Science, Kyoto Uni-

versity
(2) Institute of Advanced Energy, Kyoto University
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SYMPOSIUM IN THE LABORATORY

Symposium

The symposium has been arranged in order to
introduce the research activities in sections and to
enhance the mutual cooperation among different
fields. In 2013, three regular meetings and the
annual meeting for the cooperative research re-
sults were held with following theme.

1. The regular meeting

(1) April 18,2013

K. Matsuda, “Principle of optical science and its
energy application based on nano-science
-toward quantum green photonics-"

Institute of Advanced Energy, Kyoto University

(2) May 16,2013

H. Sakaguchi, “Unprecedented fabrication proc-
ess for carbon-based conjugated polymers ”,
Institute of Advanced Energy, Kyoto University

(3) June 20,2013

K. Nagasaki, “Highly elaborated utilization of
electromagnetic waves for fusion plasma con-
trol ”

Institute of Advanced Energy, Kyoto University

(4) July 25,2013

H. Ohgaki, “Recent Topics of Quantum Radiation
Beams”
Institute of Advanced Energy, Kyoto University

(5) September 19, 2013

M. Katahira, “Application of NMR in life- and
green-innovation”
Institute of Advanced Energy, Kyoto University

(6) October 17,2013

S, Konishi, “Biomass-Fusion Hybrid Concept and
Sustainable Zero-Emission Energy System”,
Institute of Advanced Energy, Kyoto University

(7) November 21,2013

T. Morii, “Biological systems for efficient energy
utilization: from a chemical point of view”
Institute of Advanced Energy, Kyoto University

(8) November 18,2013

M. Preynas, “Experiments of Plasma Start-up and
Wall conditioning using ECRH in preparation of
Wendelstein7-X Operation.”

Max-Planck-Institut fur Plasmaphysik, Greifswald

(9) November 25,2013

B. Blackwell, “Recent results from the H-1 and
the Australian Plasma Fusion Research Facility”,
Plasma Research Laboratory, The Australian Na-
tional University, Australian Plasma Fusion Research
Facility

(10) December 20, 2013

S. Nakabayashi, “Electrochemical circuit that
emulate robust physiological function”
Graduate School of Science and Engineering,
Saitama University

(11) January 16, 2014

A. Kimura, “Material Performance under High
Energy Particles Irradiation “R&D of Innova-
tive Nuclear Materials”

Institute of Advanced Energy, Kyoto University

(12)February 7, 2014

M. Kinoshita, “A system comprising multiple
material constituents is a treasure house of
high-functioning —focusing on a biological
system”

Institute of Advanced Energy, Kyoto University

(13)March 7, 2014

T. Mizuuchi, “Physics and Technology for High
Temperature Plasma Control”
Institute of Advanced Energy, Kyoto University

2. The Annual Meeting for the Cooperative
Research Results, April 4, 2014

(1) T. Mizuuchi, “Development of Advanced
Plasma and Quantum Energy Studies”,
Institute of Advanced Energy, Kyoto University

(2) S. Kobayashi, “Study of high density plasma
operation using novel fueling method and its
transport characteristics”
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“)

(6))

(6)

Institute of Advanced Energy, Kyoto University

S. Yamamoto, “Studies of MHD equilibrium
and stability in high beta plasmas of Helio-
tron J”

Institute of Advanced Energy, Kyoto University

K. Matsuda, “Research on establishment of

Photo-Energy Nano Science”
Institute of Advanced Energy, Kyoto University

T. Nagata, “Analysis of structure-function
relationships on wood degrading enzymes for
better utilization of woody biomass”

Institute of Advanced Energy, Kyoto University

T. Kii, “Development of wavelength scan-
ning system for KU-FEL”
Institute of Advanced Energy, Kyoto University

O]

®)

(€))

M. Katahira, “International Collaborative
Research on Advanced Biorefinery”
Institute of Advanced Energy, Kyoto University

T. Kodaki, “Development of a highly effi-
cient bioethanol production yeast by genetic
engineering”

Institute of Advanced Energy, Kyoto University

R. Kasada, “Study on Tritium Flow in Fusion
Reactor and Environment by System Dy-
namics”

Institute of Advanced Energy, Kyoto University

(10)S. Yoshikawa, “Research Center for Next
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Institute of Advanced Energy, Kyoto University



6. PROJECTS WITH OTHER
UNIVERSITIES AND
ORGANIZATIONS
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Innovative strategy for highly efficient utilization of solar energy
"Exploring novel principles for highly efficient utilization of solar energy"

This interdisciplinary research project is aimed to
uncover principles that govern highly efficient utili-
zation of solar energy. Four research groups, each
based on different disciplines of chemistry, biochem-
istry, physics and nanotechnology, simultaneously
propel the cutting-edge research on the next genera-
tion photovoltaic cells, solar fuels, and biorefinery.

A symposium was held on Ocober 2, 2013 to
promote mutual interactions between the research
groups, which would incubate the original ideas,
which stimulates creation of an innovative paradigm
in solar energy utilization technology. Professor Ta-
kashi Morii opened the discussion with his lecture
"Assembly of enzymes on molecular switchboards."
DNA-origami structures are used as “molecular
switchboards” to arrange enzymes and proteins with
nanometer-scale precision. This strategy enables the
reconstitution of natural enzyme cascades outside the
cell, which is a necessary method to realize an artifi-
cial photosynthesis system made by biomolecules.

Professor Masato Katahira introduced a new as-
pect of bio-refinery research using wood biomass,
which is produced by solar energy, entitled "Devel-
opment and application of the methodology to inves-
tigate wood biomass by solution NMR." His meth-
odology made it possible to identify and monitor the
conversion of components of wood biomass at atom-
ic resolution.

Professor Tetsuo Sakka discussed on the surface
pattern formation by microparticles in his talk enti-
tled "Two-dimensional self-assembled structure
formed by the particles adsorbed at a liquid-liquid
interface." His research focuses on highly controlla-
ble self-assembled particle layer formation at a lig-
uid-liquid interface, where the particle structure is
solely governed by the interparticle interaction. The
method will be useful in designing the surface to
properly scatter and diffract light to improve the effi-
ciency of thin-film solar cells, the incident light must
be trapped in the film.

Professor Hiroshi Sakaguchi inspired the audi-
ence by his talk of "One-dimensional carbon-based
polymers for energy utilization." He has demonstrat-
ed Radical-polymerized Chemical Vapor Deposition
(RPCVD) and Electrochemical Epitaxial Polymeriza-
tion as bottom-up massive growth techniques of
GNRs under normal condition. He has also succeed-
ed in for the first time the synthesis of multilayered
GNR, transfer onto insulator substrate and FET fab-
rication of bottom-up synthesized GNR. Electro-
chemical method to produce GNR under room tem-

perature in metal-solution interface also has been
demonstrated for the first time. These new techniques
open the door to the device fabrication and unknown
features of bottom-up fabricated GNRs.

Prof. Takashi Sagawa reported a cutting-edge re-
search ongoing in his group by his talk of "Interface
engineering of nanostructured ZnO/polymer for
highly efficient hybrid solar cell" to discuss the po-
tential and future utilization of solar cells.

A talk entitled "Development of novel light ener-
gy utilization using nano-carbon materials" by Pro-
fessor Kazunari Matsuda emphasized a new concept
for the development of novel light energy utilization
using nano-carbon materials. Upon introducing the
fundamental aspect of nano-materials and their po-
tential application for the light energy, the topics of
drastic improvement of luminescence quantum effi-
ciency of carbon nanotubes toward the low energy
consumption and efficient light emitters were dis-
cussed.

Professor Hideaki Ohgaki introduced the current
status and future perspective of KUFEL, and his
co-worker Kyohei Yoshida reported his recent study
entitled “Experimental demonstration of
mode-selective phonon excitation of 6H-SiC by a
mid-infrared laser with anti-stokes Raman scattering
spectroscopy." The results convinced all the partici-
pants a potential of MIR-FEL in the material science
and that it could contribute to a development of ze-
ro-emission energy system.
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Bidirectional Collaborative Research Program

Since 2004, the Heliotron J group at Kyoto Uni-
versity has joined the bidirectional collaborative re-
search program of National Institute for Fusion Sci-
ence (NIFS). The purpose of this program is to ex-
tend the activities of nuclear fusion research at uni-
versities in Japan after the Committee of the Science
Subdivision under the Council for Science and
Technology has decided to set up its master plan for
Japanese fusion research and development by pro-
moting collaborative research activities. This plan
was summarized in the report “Policy for executing
Japanese nuclear fusion research”, where it was
pointed out that continuous scientific research activi-
ties for comprehensive understanding of toroidal
plasma physics are needed under the parameters
which can be extrapolated to the fusion reactor.

The main objective of the research is to improve
the confinement and stability performance for ad-
vanced helical magnetic configurations such as the
helical-axis heliotron, Heliotron J. Six topics for the
collaboration research for this FY are selected; (1)
confinement improvement by controlling magnetic
configuration and related plasma self-organization,
(2) instability suppression by controlling magnetic
configuration, (3) ECH/EBW heating physics, (4)
toroidal current control, (5) fueling control and ex-
haust control of heat and particles, and (6) develop-
ment of the FIR measurement system and so on. The
results of several subjects are described below.

Study of high density plasma operation [1, 2]: To
obtain high performance plasmas, the optimization
study for gas-fuelling scenario has been carried out
using supersonic molecular-beam injection (SMBI)
and high-intensity gas-puff fuelling (HIGP) tech-
niques in Heliotron J. The HIGP technique is effec-
tive to produce the electron density higher than
1x10”m>. After stopping HIGP, increases in the
ion/electron temperatures and the co-rotating toroidal
rotation are simultaneously observed in the peripher-
al (r/a>0.7) region. At that time, the reduction in the
density fluctuation at the edge region is also observed
in accordance with the sudden drop of the Ha/Da
intensity. This type of high-density condition is
achieved only in the low (&) configuration. The neu-
tral simulation is carried out for investigating high
elongation effect of this configuration.

Stabilization of energetic-ion-driven MHD Mode
by ECCD [3]: ECCD experiments have been made
for stabilization of energetic-ion-driven MHD modes
in Heliotron J. Theoretical analysis shows that an EC

current of a few kA driven in the central region mod-
ifies the rotational transform profile from a shearless
flat one into a high-shear one. ECCD has been ap-
plied to ECH+NBI plasmas in which AEs are excited
by energetic ions. The EPM, an energetic-ion-driven
MHD mode, has been fully stabilized by centrally
localized second harmonic 70-GHz X-mode ECCD.
In the magnetic configuration of 2n = 0.512 and
0.525, the EPM of 60-90 kHz is stabilized by the
counter-ECCD which forms a positive magnetic
shear. Since the mode is excited locally at r/a~0.6,
the change in local magnetic shear contributes to the
mode stabilization. The NJ| scan indicates that the AE
is stabilized when the magnetic shear exceeds a crit-
ical threshold. This tendency is consistent with the
excitation theory of AEs.

Edge plasma behavior affected by energetic parti-
cle driven instabilities [4]: In Heliotron J, edge
fluctuation has been studied using multiple Langmuir
probes installed at different toroidal/poloidal sections.
In low-density ECH plasma discharges with n, ~
0.3x10" m™, a high correlation between floating po-
tential signals measured with different probes was
observed in the low frequency range less than 10 kHz.
This fluctuation exhibits electrostatic characteristics.
Radial structure of the fluctuation was investigated
by fixing one probe inside LCFS and by scanning the
other probe around LCFS in radial direction on a
shot-to-shot basis. Clearly, the coherence is quite
high ~0.95 inside LCFS in the low frequency range,
and it quickly decreases outside LCFS. The phase
difference in toroidal direction is almost zero in the
observation range.

References

[1] S. Kobayashi, et al., “Experimental study of high
density plasma operation in Heliotron J”, 40" EPS,
Espoo, Finland, 1-5 Jul. 2013, P1.148.

[2] T. Mizuuchi, et al., “Optimization of Fuelling
Scenario for High Density Plasma in Heliotron J”,
Joint 19" ISHW and 16™ IEA-RFP workshop, Pado-
va, Italy, 16-20 Sep. 2013, K8.

[3] K. Nagasaki, et al., “Stabilization of energet-
ic-ion-driven MHD Mode by ECCD in Heliotron J”,
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Application of DuET and MUSTER
for Industrial Research and Engineering (The ADMIRE Project)

1. Introduction

The ADMIRE Project at the Institute of Ad-
vanced Energy (IAE), Kyoto University is one of the
MEXT (Ministry of Education, Culture, Sports, Sci-
ence and Technology of Japan) -supported programs
"Project for Creation of Research Platforms and
Sharing of Advanced Research Infrastructure" to
provide private companies with utilization of exper-
imental facilities and expertise of IAE, Kyoto Uni-
versity. The DuET Facility i.e. dual beam ion accel-
erator system with a dedicated specimen irradiation
stage, and the MUSTER Facilities consisting of
high-performance TEM, SEM, FIB, EPMA, Auger,
etc. are included in this program. Technical guidance
to operate experimental equipment and consulting on
the experimental results is also offered to the users.
In the “Trial use mode” the users can use these facili-
ties free of charge for a limited time period.

2. Project details

The ADMIRE Project was launched in 2006. The
DuET and MUSTER are two of the representing fa-
cilities in the IAE dedicated for the research of ener-
gy science and technology, with the special emphasis
on fusion and fission reactor materials R&Ds. The
ADMIRE Project aims to provide the private indus-
tries with the research resources of TAE. Research
topics accepted by the ADMIRE Project are NOT re-
stricted to fission or fusion reactor materials, nor en-
ergy science and technology. We welcome proposals
from a variety of fields all over the world.

The ADMIRE Project has four modes of facility
use: a) Trial use mode, b) Charged use mode-X (ex-
clusive use of data), ¢) Charged use mode-N
(non-exclusive use of data), and d) Collaborative use.
a) Trial use mode

In this mode, users are allowed to utilize the
ADMIRE facilities free of charge for six months for
the MUSTER facilities or twelve months for the
DuET facilities. The term may be repeated once if
requested and approved. The only obligation of the
user is to submit a short report at the end of the term.
If the user requests to postpone the immediate dis-
semination of the outcome in order to secure its IPR,
a moratorium up to two years may be given.

b) Charged use mode-X (exclusive use of data)

This mode is programmed for those users who
have strong interests on the intellectual property
rights to be obtained through the ADMIRE utiliza-
tion. There is no obligation to submit reports, etc. to
the ADMIRE. The subject title and the name of the

DuET, the dual-ion beam irradiation facility
user may be kept undisclosed if the user so requests.
¢) Charged use mode-N (non-exclusive use of data)

This mode is similar to the mode-X but is differ-
ent only in that submission of a report is obligatory.
The charge rate for facility use is lower compared to
the mode-X.

d) Collaborative use

This mode is similar to the standard collaborative
research conducted jointly by private companies and
university staff under a contract to which both parties
agreed. This is not just utilization of the facility but
full collaboration on specific subjects.

3. Benefits for companies

- Rapid progress of products development by use
of high performance equipment

- Reduction of expenditure for equipment

- Rapid exploration of new idea

- Training of equipment operation and consulting
on experimental results are available

for details, please visit: our website at:

http://admire.iae.kyoto-u.ac.jp/
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7. HOW TO GET TO IAE
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