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FOREWORD

The year of 2011 passed away leaving many disastrous memories: the
huge earthquake and tsunami, the following nuclear power plant accident,
landslides brought by heavy rains, the economic crisis starting in Europe and
then spreading around the world, political instability in Islamic countries, and
others. In this busy year, we launched “Joint Usage/Research Program on Ze-
ro-Emission Energy”, which is the program authorized by the MEXT. Many
researchers participated in the program. In relation to this, we started “Zero-
Emission Energy Network™ on the occasion of an international symposium

held in September 2011. We continue forward with the program. Meanwhile,

2011 was the second year of the second 6-years operation planning period
(FY2010-FY?2015). In this second period, the competency of the research institute is strictly tested since the gov-
ernment urges national universities to accelerate their full-scale reform action. From this point of view, we have
to further strengthen our capabilities of research and education on the basis of the accomplishment of our aca-
demic activities, and to exhibit our prospective future.

We are working hard toward further progress in research and education, and conducting a lot of collaborative
researches in the advanced energy science and technology fields; we especially lay stress on “Advanced Plasma
and Quantum Energy” and “Photon and Energy Nano-Science”. The Global COE program “Energy Science in
the Global Warming Era” (2008-2012) is going well. We are also acting as a core institution of international en-
ergy researches, especially in the Asian region. In September 2011, we organized the 2nd International Sympo-
sium of Advanced Energy Science at the Uji campus. The four-year retrofitting project against earthquake for our
main building was completed last year. In addition, we are carrying on the repair & remodeling of the other re-
search buildings according to our own renovation plan. Now our research environments have been greatly im-
proved.

The worldwide concern regarding energy supplies and global warming drives our efforts, and energy issues
become urgent priorities especially after the Fukushima accident. We shall renew our efforts in the new period,
through research and education on advanced energy science and technology, to cope with these critical issues and
contribute to the benefit of future generations.

It is our great pleasure to issue this Annual Report. We hope that it provides you with good understanding of

the activities of the Institute of Advanced Energy, Kyoto University.

March 2012

Yukio H. OGATA

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. Sonobe, GCOE Assistant Professor)
(T. Hori, Specially Appointed Professor)

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 1.6-m
undulator and an optical resonator.

In this year, the 1.6-m undulator was replaced with
1.8-m one to have higher laser gain. At the same time,
the optical resonator mirrors have also been replaced
with new ones for smaller optical loss and higher gain.
After those modifications, FEL lasing and power satura-
tion at 7.5 um has already been achieved. Preliminary

experimental and numerical studies predict that the tun-
able range will be from 5 to 16 um with present con-
figuration, at least.

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 col-
laboration with Dr. R. Kuroda, Researcher of AIST.
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Fig. 1 Schematic drawing of the KU-FEL

2.2 MIR-FEL Application in the Energy Science

It is well known that an infrared region light has a
good resonance with molecular vibration and lattice vi-
bration in some liquid or solid compound. In particular,
wide-gap semiconducting materials such as SiC, ZnO,
and TiO, show unique electrical and optical properties
through coupling of phonon with electronic structures,
resulting in photochemical phenomena with microwave
irradiation. Therefore, it is considered that the irradia-
tion of MIR-FEL on such semiconducting materials
possibly excites the phonon selectively, and then gives
rise to the changes in electronic structures. For the veri-
fication of selective phonon excitation and for the ob-
servation of electronic structure change induced by
MIR-FEL irradiation, the low temperature Raman scat-
tering and photoluminescence (PL) measurement system
with MIR-FEL irradiation has been developed (Fig. 2).
This study aims at development of new evaluation tech-



nique of electron-phonon interaction in such wide-gap
semiconducting materials by MIR-FEL.

MIR-FEL
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Fig. 2 Conceptual drawing of PL and Raman scattering
meas-urement system combined with MIR-FEL.

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.
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Fig. 3 Conceptual drawing of the bulk HTSC SAU and
generation principle of the periodic undulator field using an
induced current.
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We measured the magnetic performance of the bulk
HTS at the temperature range of 4.0 to 77 K. The cur-
rent density at 30 K was about 3.5 kA/mm2 which was
about 10 times higher than that at 77 K. It is numerically
expected that the undulator peak field B, reaches to
1.08 T for the undulator period length 4, of 9.9 mm and
the undulator gap length of 4 mm. The expected field
strength is better than that of the Halbach structure using
permanent magnets.

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. LaBr3(Ce) scintillator is
a strong candidate to meet these requirements because
of its superior energy resolution and high counting rates.
Typically, LaBr;(Ce) can resolve spectral lines spaced
twice closer than Nal. Furthermore, the peaks would
contain a continuum contribution approximately half of
peaks in Nal. On the other hand, LaBr;(Ce) contains
some traces of radioactive materials which causes the
detector to be self-radioactive specially near the range of
2 MeV which is very important because there are many
levels of SNM around 2 MeV. The performance of
LaBr;(Ce) is tested using High Intensity gamma-ray
source (HIyS) at Duke University FEL facility. The res-
onant energy was 2.13 MeV scattered from ''B. The
NRF peak is shown in Fig. 4. The energy resolution is
approximately 1.7% and the net count of NRF peaks has
exceeded the detection limit.
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Fig. 4 Measured nuclear resonance fluorescence peak by
using 3.5” ¢x4” LaBr3(Ce) scintillator.
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1. Introduction
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 attrac-
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 21
century and beyond is reflected. Typically, we pro-
pose a Zero-emission energy scenario based on fu-
sion 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
hybrid energy system
(2) Development of advanced fusion blanket and
divertor with liquid LiPb and SiC composite for
high temperature heat
(3) Conversion of waste biomass by endo-thermic
reaction 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

The joining of Prof. Ryuta Kasada to this research
activity from December has added above (7) and

further added the material aspects to all of other areas.

This report introduces the recent results of some of
these subjects.

2. Vacuum sieve tray for tritium extraction from
liquid Pb-17Li
We propose the vacuum sieve tray shown in the

fig.1 as a tritium extraction process for liquid blanket.

Formation of droplet of liquid Li—17Pb released from
a nozzle into vacuum was studied for the evaluation
of the feasibility Size of droplets formed from the
nozzles was estimated by theoretical and experi-
mental methods. For the theoretical estimation, the

non-dimensional comparison of the physical bulk
property of liquid Pb—17Li with water (H,O) at am-
bient temperature was applied. It was found to be
reasonable to apply the Plateau-Rayleigh-Instability
theory for the droplet size formula of the fluid Pb—
17Li1 for the nozzle diameter 0.4 mm-1.0 mm, tem-
perature 400 °C-500 °C, at initial velocity of 3 m/s.
The experimental results of the droplet size showed

Fig. 1 Schematic image of vacuum-sieve-tray.

good agreement with the theory. This device was
used for the parametric study of extraction of deuter-
ium during their free fall in vacuum. The scaling of
the device suggests the feasibility of the process.

3. Development of Cylindrical Discharge type Fu-
sion Device for neutron beam source

Neutron beam can be used for various applica-
tions in the fields such as nondestructive inspection
of metal, medical applications and radiography. We
developed cylindrical discharge type fusion device
that can provide 2.45MeV high energy and isotropic
neutrons by D-D fusion reactions on the surface of
the cylindrical electrode. Single direction beam is
obtained by adequate design of the reflector, moder-
ator and shield absorber surrounding it. Energy
spectrum is also changed to meet the requirements
for various applications. The evaluation of beam op-



tics such as neutron flux distribution, energy spec-
trum and convergent was conducted with MCNP5
code to reveal the effect of reflector (tungsten and
iron) and moderator’s material (graphite, polyeth-
ylene and heavy water) and shape. As a result, effects
of combinations of reflectors on neutron flux and
beam velocity angular, as well as energy were ob-
tained and compared as shown in the Fig.2 for exam-
ple. Combined W and Fe reflector generates more
than 90% of fast neutron over 1MeV in the fast/total
ratio, and focuses more than three times of flux
compared with isotropic radiation. Combined PE and
D,0 reflector generates more than 30% thermal neu-
tron, that required more moderator on the beam line
to increase its thermal fraction while avoiding a deg-
radation of the beam quality.

This result showed that generation of single di-
rection beam with desirable neutron energy is possi-
ble with this cylindrical discharge fusion neutron
source. Quantity of generated neutron is the issue
I1 OE-03

1.0E-04

. 1.0E08

1.06-08
i -
T W oe-o7

Neutron flux(n/cm’/source)
Fig. 2 Neutronics calculation to achieve a suitable

configuration of reflector materials for D-D neu-
tron beam source.

and geometry of electrodes and improvement of op-
erating condition are being improved experimentally.

4. Conversion of waste biomass by endo-thermic
reaction to generate hydrogen and liquid fuel

We propose the utilization of fusion heat to pro-
duce synthetic fuels from waste biomass as an alter-
native of electricity generation. As the part of the
feasibility study, by-product of the gasification to
H,-CO mixture from the endothermic reaction be-
tween biomass and water vapor was studied in this
year. The preliminary result showed that some
forms of carbons such as char and tar exist with
nickel catalyst in parts of the experimental devices.
In order to separate such ash form catalysts, new ex-
perimental device with a circulation system is under
constructing, as the modification of the device shown
in the figure 3.

5. Study of a phase separation in Fe-Cr alloys for
structural materials of nuclear energy power
plants

The equilibrium phase diagram of Fe-Cr system
at low temperature is not experimentally determined
and confused because of the low atomic mobility.
This problem has been a long-standing subject of re-
search and is now attracting interest because the

Fig. 3 Biomass gasification system.

Fe-Cr alloys are candidates for advanced fission and
fusion reactor structural materials. A conventional
and engineering way to observe the phase separation
is a hardness test. However, there are evidences for
the occurrence of the phase separation without any
observable hardness changes after the similar aging
conditions. This means the early stages of phase sep-
aration is not sensitive for their hardness change.
Therefore experimental studies of phase separation in
the Fe-Cr system has been carried out using various
modern techniques; neutron small angle scattering,
field ion microscopy, atom probe field ion microsco-
py, X-ray small angle diffraction, transmission elec-
tron microscopy, Mdssbauer spectroscopy, and mag-
netization measurement. However, the very early
stages of the phase separation may be neglected dur-
ing these experiments because the wave length of the
phase separation in Fe-Cr is found to be at the na-
nometer scale. In this study, we examine the positron
annihilation spectroscopy to detect the atomic scale
phase separation in Fe-Cr system. Effect of
ion-irradiation on the Fe-Cr alloys are also investi-
gated. As shown in Fig. 4, positron annihilation spec-
troscopy reveals the early stage of the phase separa-
tion of Fe-70Cr alloy after the ion irradiation at
475 °Cup to 5 dpa.
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Fig. 4 Effect of ion-irradiation on the S- and W-
parameter obtained from positron annihilation
spectroscopy.
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1. Introduction

Advanced and innovative control methods for the
collective behavior of charged particles are being de-
veloped in this research section to bring about enormous
contributions to the human beings. Studies of nonlinear
interactions between charged particles and electromag-
netic fields are particularly emphasized. Main research
subjects are now focused on the following; improve-
ment and understanding of confinement and transport in
fusion plasmas, development of heating and current
drive systems using high power millimeter waves,
plasma diagnostics using millimeter waves and Lang-
muir probes, development and application of compact
and portable neutron/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. Measurement of electron density fluctuations us-
ing microwave reflectometer in Heliotron J

It is necessary to understand the mechanism of
anomalous transport to improve plasma confinement. It
is considered that anomalous transport comes from
fluctuations of magnetic field, electric field, plasma
density and temperature out of various instability of
plasma. Therefore, we have newly installed a micro-
wave reflectometer to Heliotron J and measured elec-
tron density fluctuations. The goal of this research is to
study the characteristics of plasma confinement by
means of investigating MHD instabilities of energetic
particles and long-range correlation of fluctuations by
combining the reflectometer with other measurement
methods.

The injection frequency of microwave ranges from
24.75 to 42 GHz, corresponding to the O-mode cut-off
density from 0.8 to 2.2 x 10" m™. It is generated by a
voltage controlled oscillator and an x3 frequency multi-
plier. After the injection waves are up-converted with a
signal of 100 MHz generated by a local oscillator, they
are injected into the Heliotron J plasma through a py-
ramidal horn. The receiving pyramidal horn is installed
next to the incident horn. The horns are oriented per-
pendicular to the magnetic field, viewing the magnetic
axis. The received microwaves are down-converted to
the frequency of 100 MHz with fluctuations, delivering
to an I/Q detector. We can estimate the complex phase
difference between the received waves and the reference

waves through the I and Q signals. The sampling fre-
quency of a data acquisition system is 1 MHz.

Density fluctuation measurement has started in He-
liotron J ECRH and NBI plasmas using this reflectome-
ter system. Figure 1 shows the coherence between a
phase signal of the reflectometer and a signal of a mag-
netic probe in a neutral beam injection experiment at B
= 1.25 T, and the target density is n, = 0.8 x 10" m™.
The measurement results show that the reflectometer
signal has a high correlation with the magnetic probe,
which may be a Global Alfven Eigenmode.
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Fig. 1. Coherence between phase signal of reflectometer
and signal of magnetic probe

3. Modeling of Preionization for Plasma Production
in Superconducting tokamaks

In superconducting tokamaks such as ITER and
JT-60SA, the toroidal electric field applied for ioniza-
tion may be too low to start up plasmas reliably. To
solve this problem, preionization using Electron Cyclo-
tron Resonance Heating (ECRH) has been proposed.
Successful ECRH preionization has been experimen-
tally demonstrated in tokamaks such as normal con-
ducting tokamaks, JT-60U and DIII-D and a supercon-
ducting tokamak, KSTAR. Since the electric field may
be limited to 0.5 Vm™ in the JT-60SA, which is now
under construction in JAEA, we need to find out effec-
tive plasma production schemes. The ECRH preioniza-
tion effects are theoretically investigated by a ze-
ro-dimensional (0-D) model to examine conditions for
reliable startup in JT-60SA and to understand the phys-
ical process. For more quantitative analysis, we are de-
veloping a one-dimensional (1-D) model, which in-
cludes radial transport of energy and particles.

The 1-D model mainly consists of five equations;
the electron and ion energy density transport equations,
the electron and hydrogen atom density transport equa-
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tions and the toroidal current equation. Figure 2 shows
an example of temporal behavior of electron tempera-
ture profile on a JT-60SA configuration. The absorbed
ECRH power, Pgcgy, is assumed to be 150 kW. The
calculation results show that there is a threshold in the
ECRH power, and the absorbed power of about 100 kW
may be required for reliable startup. The required
ECRH power is lower than that estimated by ze-
ro-dimensional model. This is because that inclusion of
radial dependence makes the power density higher at the
central region where the ECRH power is deposited.
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Fig. 2. Temporal behavior of electron temperature profile
on a JT-60SA configuration.

4. Fusion rate dependence on applied voltage in a
high-voltage glow-discharge-driven IEC device

An inertial electrostatic confinement (IEC) fusion
device basically consists of a spherical anode at ground
potential and a transparent gridded cathode at a negative
high potential. Ions are accelerated toward the center as
they gain energy relevant to D-D, D-T and D-3He fu-
sion reactions from the applied electric fields. An im-
portant advantage of IEC over accelerator-driven neu-
tron generators employing solid targets comes from the
use of “gas target”. This enables high-power operation
of IEC devices to produce copious amount of D-D neu-
trons in a compact system.

Some of near-term and urgent applications, e.g. ac-
tive interrogation of special nuclear materials (SNM),
require enhancement in the neutron production rate
(NPR) of an order of magnitude. One of the most prom-
ising ways to meet this urgent requirement is to apply a
higher bias voltage to the central cathode grid, because
the D-D fusion cross-section increases rapidly as the ion
energy increases.

In this study, NPR dependence on the applied bias
voltage was studied (see Fig. 3) in a newly developed
glow-discharge-driven IEC device, which employs mul-
tistage high-voltage (HV) feedthrough technique to
achieve 200 kV in a compact system. As the result, NPR
is found to increase by a factor of ~3 as the applied
voltage, V, increases up to 160 kV from the maximum

limit of ~80 kV by a conventional single-stage HV
feedthrough. At around 160 kV, NPR is found to be de-
pendent on ¥ to the power of 1.5+0.4. This means that
an additional ~50% NPR enhancement is expected by
an increase of V" up to 200 kV after HV conditioning
underway. We also plan to increase the operating deute-
rium gas pressure, i.e. the target density, by a factor of
2-3, in order to reach the NPR requirement of 10% n/sec
for the active SNM interrogation system.
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Fig. 3. Neutron production rates as functions of applied
voltage for discharge currents of 10, 20 and 30 mA.
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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
confinement from the physical viewpoint of nuclear
fusion research. The experimental and theoretical
investigations for the optimization of the helical-axis
heliotron configuration are in progress under the
collaboration with other groups of the institute and
also groups of other universities/institutes under the
auspices of the Collaboration Program of the Lab.
Complex Energy Processes, IAE, the Collaborative
Research Program of NIFS (National Institute for
Fusion Science), etc.

In this report, some remarkable results obtained
in the Heliotron J experimental study in FY2010 are
reported focusing on (1) the fueling control study and
(2) the development of beam emission spectroscopy
for density fluctuation measurement.

2. Study of Fueling Control for Confinement
Experiments

Fueling control by SMBI is a powerful knob to
control plasma density and its radial profile.
Effectiveness of SMBI fueling has been studied
based on the profile data. Figures 1 (a) and (c) show
time traces of the line-averaged density n. and the
stored energy W, with gas-fueling and heating
sequences for NBI sustained plasmas. Figures 1(b)
and (d) show radial profiles of ion temperature 7;
from CXRS, electron temperature 7, and density 7.
from TVTS. Plasmas are initiated by using a short
pulse of ECH and then sustained only by two-staged
NBI heating (Ho, Epeam=25-27keV, Pi,~0.6MW par a
beam-line), where the initially NBI (NBI#1) sustains
the plasma and then the second NBI (NBI#2) is
superimposed. Just before the start of NBI#2, n, is
increased by using SMBI or GP to study a target
plasma scenario for NBI. In the discharge shown in
Figs. 1(a) & (b), a single pulse of SMBI from an
outboard horizontal port is injected at ~216 ms,
which is indicated in a large spike of H,"™®' (Ho
signal at the SMBI port). In the discharge in Figs. 1
(¢) & (d), a short pulse (~10ms) of high intensity GP
(HIGP) from four inboard ports is used instead of
SMBI, where other discharge conditions are almost
the same. The maximum W, in the SMBI (Fig. 1(a))

and the HIGP (Fig. 1(c)) cases are ~4kJ and ~3.4k],
respectively, where n, (~3x10"”m™) is almost the
same for both cases. As shown in Figs. 1(b) & (d), T
and 7; in the SMBI case are higher than those in the
HIGP case at the W,-peak timing (~235ms and
~237ms, respectively). More clear difference is
observed in the n.-profile. A peaked n.-profile is
observed after SMBI (~235ms), while it is very flat
(~237ms) for the case of HIGP. This is qualitatively
consistent with the edge n.-profile reconstructed from
an AM microwave reflectometer data. The
reflectometer data also indicates the dynamics of
edge nc-profile during the W,-increasing phase after
SMBI or HIGP. After density increase just after the
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Fig. 1. Examples of time traces of NBI sustained
plasma with SMBI (a) and HIGP (c). Radial
profiles of ion temperature, electron
temperature and density for each case are
plotted in the right column, (b) and (d),
respectively.



short pulse fueling, temporal reduction of the edge 7.
is observed, suggesting the core density peaking, and
then the edge n. and its radial gradient increases for
both the cases. Such behavior is not observed after
the second NBI when SMBI nor HIGP is not used.
On the other hand, the amount of gas to obtain the
same increment of ne is about 30-40% higher in GP
(HIGP) compared to SMBI, perhaps due to the
beam- like motion of SMBI neutrals with a high
flux-density in a small area (~10 cm') at the last
closed flux surface. The expected difference in the
neutral density outside the plasma after SMBI or
HIGP might contribute to make the observed
different ne-profile at ~20ms after the fueling.

SMBI can also affect plasma fluctuations: Using
a beam emission spectroscopy (BES) system, a
reduction in the density fluctuation by energetic-
ion-driven MHD activity was observed after SMBI.
Resent experiments point out the importance of
SMBI fueling for plasma density control to obtain
better plasma performance and/or to study particle
transport.

3. Density Fluctuation and Its Radial Structure
Measurements by Beam Emission Spectroscopy

It is an important subject to measure the density
fluctuation and its radial structure induced by MHD
instabilities or turbulence in high temperature
plasmas. In this section, we present the development
of the density fluctuation and its radial structure
measurement with a BES system in Heliotron J.

To achieve a good spatial resolution using heating
NBI as diagnostic beam, the BES sightlines were
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Fig. 2. (a) BES sightlines and (b) measurement
position and spatial resolution for each chord.

designed to align the flux surface in the beam-plasma
intersection region. The numerical calculation was
performed to estimate the optimized sightlines: The
collision locations between beam atoms and plasmas
were deduced by the beam trajectory analysis
including the beam attenuation effect. The
excited-state beam atoms can travels about ~cm due
to the characteristic decay time 7=1/4; 1/(1+ n,Dj/4;).
Therefore the beam emission positions are estimated
with taking the decay length of the excited beam
atoms. Based on the optimization study, we have
installed the new diagnostic port and the objective
optical systems (see Fig. 2(a)). As shown in Fig. 2 (b),
the BES system has 16 sightlines which observe the
beam emission at the position from p=0.07 to 0.94
with spatial resolution Ap around £0.07, where p is
the normalized minor radius.

Figures 3(a) and 3(b) show the coherence
between the BES intensity and the Mirnov signal at
0=0.36 and 0.95. Some coherent modes caused by
energetic-ion-driven MHD activities were observed
in the frequency range of 25-100kHz. Figure 3(c)
shows Igp/<Igg>, being proportional to the density
fluctuation, as a function of the normalized minor
radius. The radial structure of the density fluctuations
differ from each other: The mode with a frequency of
f~90kHz (case A) spreads widely in the whole
plasma region. In the case of the mode with f~65kHz
(case B) the fluctuation is observed in the region
0<0.6. The mode with f~27kHz (case C), on the
contrary, is localized at the peripheral region (£2>0.7).
The developed BES system enables us to measure the
radial structure of the density fluctuation in the whole
plasma region.
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Fig. 3. (a) and (b) Coherence between BES
intensities and Mirnov signal and (c) radial
profile of the density fluctuation Igp/<Igg>.
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1. Introduction

A blob or filament is a plasma coherent structure
aligned magnetic field, which is considerably denser
than the surrounding background plasma and highly
localized in the directions perpendicular to the
equilibrium magnetic field. In experiments and
simulations, these intermittent filaments are often
formed near the boundary between open and closed
field lines, and seem to arise in theory from the
saturation process for the dominant edge instabilities
and turbulence. Blobs become charge-polarized
under the action of an external force which causes
unequal drifts on ions and electrons; the resulting
polarization-induced ExB drift moves the blobs
radially outwards across the scrape-off-layer (SOL).
Since confined plasmas generally are subject to
radial or outwards expansion forces, blob transport is
a general phenomenon occurring in nearly all
plasmas. This paper is intended to provide a brief
introduction for blob or filament study in the HL-2A
tokamak.

2. Experimental setup

Plasma filament experiments were performed in
ohmically heated deuterium discharges on the
HL-2A tokamak with major radius R = 1.65 m and
minor radius @ = 0.4 m. Typical experimental
parameters were plasma current /,= 168 kA, toroidal
magnetic field B,= 1.9 T, line-averaged density n,=
1.9x10" m> The Greenwald density limit was
nG:3.3><1019 m>. The statistical characteristics of
blob turbulence across the separatrix had been
studied with Langmuir 5-tips array in HL-2A edge
plasma [Cheng 2010, PPCF52, 055003]. Recently,
two novel Langmuir probe arrays are combined to
investigate three dimensional characteristics of
plasma filaments, as shown in figure 1. One is a
poloidal 10-tip array (labeled as ‘Array A’) locating
below the midplane. The distance between the first
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Figure 1. The combination of poloidal and
radial probe arrays with toroidally spaced by
60 degree. Adjacent separation of two tips in
array A and array B is 4 mm.

probe and midplane is d; = 2.1 cm, the separation
between the first tip and the i™ tip in array A is
defined as Adg (i) = (i-1)Ad (1<i<10), where Ad = 4
mm is the adjacent probe separation. The maximum
radial distance between a tip and the same magnetic
flux is smaller than 4.0 mm, which is comparable
with the exposed probe length. Another is a radial
8-tip array (labeled as ‘Array B’), which is
positioned at d,= 5.2 cm above the mid-plane. The
toroidal separation between probe arrays is 210 cm,
which is large enough for toroidally spatial
resolution. This probe array arrangement provides
enough flexibility to study filament dynamics and
propagation characteristics, especially, the parallel
coherence along a field line.



For suitable B, and I,,, a field line passing one tip
of the array B may intersect the i™ tip in the array A
at the vertical position z, = (i-1) Ad+d;, which is
defined as the distance between the mid-plane and
the intersection. The z, needs satisfy this condition:
((zo+dy)/Ly) = 2><10'7Ip/(a+Ar)Bt, where L, denotes
the toroidal separation between array A and array B,
Ar is radial distance between a tip in array A and the
magnetic separatrix. Positive Ar means outside the
separatrix. The peak of maximum correlation is close
to an ideal field line.

3. Filament propagation in SOL

Based on the significant parallel correlation
aligned magnetic field, spatial structures in
poloidal-radial plane (2D) have been clearly
observed using the novel combination of a poloidal
and a radial probe array. Cross-conditional average is
used to extract spatial structures from ambient
turbulence based on a given amplitude threshold.
There are two independent filaments appearing in 2D
plane outside the separatrix. The first filament
(marked by a circle) moves into the observation
region with poloidal and radial sizes less than 10 mm,
see figure 2 (a), and then its amplitude gradually
grows, as shown in figure 2(b) and figure 2(c).
Meantime, the second filament appears (denoted by
a cross), see figure 2(d), which has a separation of 25
mm from the first one, implying that the second
filament is independent of the first filament. Thus,
these structures probably form inside the separatrix
and then propagate across the separatrix into the
SOL. Figure 2(e) illustrates that the second filament
gradually moves into our measurement region, and
the distance between them becomes smaller,
indicating that the isolation filament has different
propagation velocity. As shown in figure 2(f), the
first filament almost disappears, which suggests that
the filament lifetime is about 20-30 ps. From figure
2(f) to figure 2(h), the poloidal movement of the
second filament is apparent, but its radial movement
is ambiguous, which implies the faster poloidal
movement than the radial one. The radial and
poloidal velocities of filaments are estimated to be
about 0.5-0.8 km/s and 1.1-2.0 km/s, respectively,
using V' = Ax/At, where Ax is the movement distance
in 2D plane during the interval At. The filament
radial velocity is about 2 % of ion sound speed. In
addition, the most obvious feature is filaments
inclination in the 2D plane.

4. Summary

Significant parallel correlation and
three-dimensional characteristics of plasma filaments
in the SOL plasma of HL-2A tokamak are studied
using a novel combination of a poloidal Langmuir
10-probe and a radial 8-probe array toroidally
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Figure 2. The 2D images of conditional average
of floating potentials measured with poloidal
10-probe and radial 8-probe arrays at 8 different
delay times.

The adjacent interval is 5 ps.

separated by 210 cm. Based on significant parallel
coherence, the propagation processes of two
independent filaments in poloidal-radial plane are
clearly observed. This result implies that filaments
form inside the separatrix. The filament lifetime is
about 20-30 us. Typical radial and poloidal velocities
are about 0.5-0.8 km/s and 1.1-2.0 km/s,
respectively.
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1. Summary

In this report the author presents a selection of
results achieved during her research activity on
microwave reflectometry in fusion plasmas.

2. Introduction

Microwave reflectometry, a radar technique used
for diagnosing fusion plasmas, has experienced
significant advances in the last two decades
becoming a very attractive diagnostic presently used
in almost all fusion devices. This technique allows
measuring electron density profiles, plasma
instabilities, turbulence and radial electric fields with
excellent spatial and temporal resolution. The author
has been working on microwave reflectometry
during the last twenty years in different fusion
devices and this report is intended to address a
selection of the results achieved during her research
activity with emphasis on the results obtained in the
last years.

3. Microwave Reflectometry

Microwave reflectometry systems can be
grouped in two categories, conventional and Doppler
reflectometry, depending on which of the physical
processes undergone in the plasma by the probing
microwave beam is dominating the recorded signals.
Conventional reflectometry is used to measured
electron density profile, plasma instabilities and
density turbulence by probing the plasma
perpendicularly to the density cut-off surfaces and
detecting the signal after reflection at the cut-off
layer. Doppler reflectometry measures the density
turbulence and its perpendicular rotation velocity at
different turbulence scales, making use of a finite tilt
angle between the probing beam and the cut-off
layer normal to measure the Bragg back-scattered
process that takes place at the cut-off layer.

4. Density profile measurements

One of the techniques developed during the
1990°s to measure the density profile minimizing the
detrimental effect of the density turbulence on the
profile measurement quality is the Amplitude
Modulation (AM) reflectometry. This technique is
being successfully applied in both TJ-II [1] and
Heliotron J [2] helical devices. The evolution of the
density  profile during density perturbation
experiments or during spontaneous confinement

transitions has been measured in TJ-II using this
technique. The density profile reconstruction from
the reflectometry data relies on inversion algorithm.
Recently, an integrated data analysis technique has
been implemented in TJ-II [3]. Based on Bayesian
analysis, this technique combines the information
delivered by several diagnostics (reflectometry,
interferometry, Thomson scattering and He-beam
diagnostics) and instead of analysing all
measurements separately and combining the results,
a single model profile is used to fit all data
simultaneously. By this process, the ambiguity in the
profile initialization, inherent to the reflectometry
profile reconstruction, is circumvented.

5. Density fluctuation measurements

Conventional reflectometry is applied to
turbulence measurements although in some cases,
the reflecting layer for microwave frequencies shows
a complex corrugated structure leading to strong
interference in the reflected beam that hinders the
density fluctuation information and makes difficult
to extract quantitative information. For specific
scenarios, in particular for coherent plasma
perturbations, e.g. MHD modes or high frequency
Alfven eigenmodes, a quantitative description of the
density fluctuations is possible In conventional
reflectometry the plasma is probed perpendicularly.
However, a small misalignment often exists due to
errors in the antenna arrangement and/or due to
changes in the plasma column shape or position. In
these cases, plasma fluctuations propagating
poloidally are the source of the asymmetric complex
amplitude spectra that produces the so-called phase
run-away. From the asymmetry in the spectra it is
not possible to obtain accurate values of the rotation
velocity but it can be useful to monitor changes in
the velocity or to determine the spatial localization
of the velocity shear layer [4]. Moreover, the
asymmetry in the spectra is found to be modulated
by coherent structures rotating in the plasma. Rather
than a modulation in the plasma turbulence, the
experimental observations point to a geometrical
effect, i.e. a modulation in the angle between the
plasma cut-off layer surface and the probing beam
due to distortion in the cut-off layer shape. As a
consequence the identification of coherent modes is
possible even in conditions in which the detection of
the modes in the complex amplitude spectra is
hindered by the broadband turbulence.



Doppler reflectometry is being used at TJ-II since
2009 [5]. This technique allows the measurement of
density fluctuations, 7., and radial electric filed, E,,
simultaneously and with very good spatial and
temporal resolution. In addition, by measuring at two
radial positions, the radial electric field shear,
E-shear, can be obtained. These quantities play a
key role in the edge barrier formation at the Low to
High (L-H) confinement transition. In TJ-II,
spontaneous L-H transitions are observed in pure
NBI heated plasmas under Li coated wall conditions.
L-H transitions show a pronounced reduction in i, in
the edge plasma region where the E,;-shear develops.
However, high temporal resolution measurements
show that the reduction in fi, precedes the increase in
the mean Er-shear. Furthermore, simultaneous with
the reduction in turbulence, an increase in the
Er-shear low frequency oscillations is measured [6].
These observations indicate that mean ExB sheared
flow is not the unique element to explain the
reduction of turbulence at the transition, oscillating
sheared flows have to be also considered. These
results are consistent with models predicting L-H
transition triggered by zonal flows. Further
experimental evidence supporting the central role of
zonal flows has been observed close to the L-H
transition threshold conditions. In these cases,
pronounced oscillations in both, Er-shear and density
fluctuation level are measured at the plasma edge.
This oscillatory behaviour shows a characteristic
predator-prey relationship between turbulence and
flows, with the flow —the predator— following the
turbulence —the prey— with a phase delay of 90° in a
limit-cycle way [7]. The turbulence-flow oscillation
pattern repetition frequency decreases as the plasma
density increases, and the Er oscillation amplitude
decreases while that of the turbulence level increases.
These observations can be explained based on the
collisional damping of flows, which eventually sets
the turbulence level. The coupling found between
turbulence and flows follows that found in the
predator-prey theory model [8]. In this model the
turbulence driven zonal flow triggers the transition
by regulating the turbulence until the mean flow is
high enough to suppress turbulence effectively. Due
to the self-regulation between turbulence and flows,
the transition is marked by an oscillatory behaviour
with a predator-prey relationship between turbulence
and zonal flows. Recently, this intermediate
oscillatory transient stage has also been observed in
other devices but only the temporal dynamics of the
turbulence-flow interaction has been reported and no
information is given on its spatial evolution.
However, the spatial evolution should also be taken
into account as a necessary step to go towards the
L-H transition model. In TJ-II this fundamental issue
has been addressed for the first time from the
experimental point of view [9]. Both, radial outward
and inward propagation velocities of the
turbulence-flow front are found (see fig. 1). The

results indicate that the edge shear flow linked to the
L—H transition can behave either as a slowing-down,
damping mechanism of outward propagating
turbulent-flow oscillating structures, or as a source
of inward propagating turbulence-flow events.
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Fig. 1: Radial propagation velocity of the
turbulence-flow front vs. plasma radius. The E,-shear
location is indicated as a striped area.

Finally, H-L back-transition experiments at TJ-II
have revealed signatures of spatial spreading of
plasma turbulence [10]. These experiments show a
gradual decrease in E, and E,-shear as the plasma
approaches the back-transition and a fast drop in the
E,-shear right at the back-transition. The turbulence
level shows a distinct behavior at both sides of the
E,-shear position, suggesting the following scenario:
Radial spreading of the turbulence, braked during the
H-mode by the high E,-shear, becomes noticeable as
E,-shear declines and produces a gradual increase in
the turbulence level at the internal radial positions,
reaching the E,-shear location right before the H-L
back-transition. The consequence is a gradual retreat
of the transport barrier quantified as the width of the
turbulence reduction region. These experimental
results resemble simulation studies where the key
quantity to the control of turbulence spreading was
found to be the E,-shearing rate and point to the
possible role of radial spreading of turbulence in
determining the width of transport barriers.
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Abstract

I join the Institute of Advanced Energy, Kyoto
University, between January 5" and April 3", as
Visiting Associate Professor in the group of Professor
Takashi Morii. During my stay I started a joint
project on Porphyrins on DNA Origami, to develop
novel artificial photosynthetic system. Besides this
research project, my activities also included frequent
interaction with the coworkers, students and staff in
Prof. Morii’s Lab, attending also the biweekly group
seminars and progress meetings with all of them.
During my stay I also give a lecture at the Institute of
Advanced Energy and an invited talk at University of
Hyogo. In addition I had the opportunity to attend
many of the seminars hosted by the Institute during
this period.

1. Joint research project

I was invited by Prof. Morii to join the Institute of
Advanced Energy and his group for a period of three
months. Before coming we discussed a possible joint
project that could be interesting for both groups. As
synthetic chemist, mostly on porphyrin and related
compounds and Prof. Morii expert in DNA origami,
the idea was design and develop new porphyrin- and
[Coo]fullerene-oligopDNA conjugates to be used on
DNA origami nanotechnology. This DNA technique
can allow the construction of nanostructure models
with multi-photonic components in a controlled
intercomponent distance, orientation, and defined
donor-acceptor ratios, with potential application in

photoinduced energy- and electron-transfer processes.

So, during my stay in Prof. Morii’s lab, I started
synthesizing oligo DNA-porphyrin conjugates that
could be used, by Dr. Eiji Nakata, to build the novel
DNA origami decorated with porphyrins. In the
beginning, the first coupling strategies selected did
not give the desired porphyrin-oligoDNA derivatives,
leading us to develop different porphyrin derivatives
and consequently different coupling reactions. These
new strategies already allowed the synthesis of three
new porphyrin-oligoDNA conjugates, which were
characterized by UV-Vis spectroscopy and mass
spectrometry. Is now time to play with the DNA

origami to get novel functional nanomaterials and
devices. Advanced imaging methods, such as AFM
will be used to characterize the obtained origami
nanostructures. Photoinduced energy- and electron-
transfer between the components will be study by
steady-state and time-resolved emission and transient
absorption studies.

2. Biweekly progress meetings and research
seminars

I attended all the biweekly progress meetings and
research seminars of Prof. Morii’s group. These
highly informal group meetingsallow me to follow
the progress of all works developed by the students or
postdocs on their research activities, and also their
plans for the coming period. Here, I must thank a lot
all of them for the tremendous efforts to present their
results and handouts in English. During these
meetings I also presented the results of my project
and discussed the next experimental details.

The research seminars involved the presentation
of a select paper by one of the students, which could
be important for his research project. He should
introduce the theme and explain the described work.
Also here the presentation and handouts were very
well prepared in English, which allow all the
foreigners to participate actively in the discussion.

3. Seminars

During my stay in Kyoto, I had the chance to
participate in two seminars. One of them was here at
the Institute of Advanced Energy, and the other at
University of Hyogo. The one here, at March 9",
entitled Institute of Advanced Energy Biofunctional
Science Seminar and hosted by Professor Morii, I
gave the lecture “Porphyrins and Phthalocyanines for
Photomedicine and Organic Solar Cells”, presenting
a survey of my research on porphyrins (Pors),
phthalocyanines (Pcs) and [Cgolfullerene (Cqg),
highlighting the synthetic strategies to obtain some of
these molecules and functional materials, showing at
the same time some of the obtained results in
different applications.



These three family of molecules possess unique
photo-physical and —chemical properties which make
them valuable compounds in different scientific
fields, namely in medicine, catalysis, solar energy
converters, etc. The possibility of combine Pors and
Pcs with light to mimic the photosynthetic process,
explains the high attention devoted by the scientific
community to such compounds. However, the design
and the efficient synthesis of such photoexcitable
compounds, with the best properties for distinct
applications, is still a great challenge for many
chemists. The possibility to decorate the periphery of
their cores, with different motifs, opens the
possibility to fine-tune the properties for several
distinct applications. For example, Por-Cg, and Por-
Pc dyads and Por-Pc~Cy, supramolecular systems can
be used in electronic and energy transfer processes;
while Pors and Pcs decorated with multi-glyco or -
pyridinium  groups can be water soluble
photosensitizers for cancer photodynamic therapy
(PDT) and microorganisms photodynamic
Inactivation (PDI), respectively.

At University of Hyogo at Himeji, on March 13®,
I gave the talk “Porphyrins and Analogues as
Photosensitizers” in University of Hyogo Energy
Symposium. In this talk I have the opportunity to
introduce the Photodynamic Therapy theme and
show many of the porphyrinic photosensitizer

derivatives that my group has been prepared and
some of their biological results in PDT and PDI.

4. Coming collaborations

It is planning to continue the project by
exchanging materials, but also interchange graduate
students of the Morii’s and Tomé’s groups. So, next
summer is already arranged a three months stay of
one of my PhD students here at the Morii’s group to
continue this stimulating project. These international
research stages allow not only reinforce the
collaboration, but also give to the students
international experiencing. There is a significant
pedagogical value in sending students to
collaborating labs for at least two or three months to
learn different science, approaches, methods, and
culture. For that there is already in progress a
bilateral agreement between the Institute of
Advanced Energy and the University of Aveiro, for
interchanging of graduate students between both
Institutions.

We believe that these works will allow us, in a
joint effort, extend our studies to the development of
new  promising  photoinduced  Por-oligopDNA
nanosystems to be used in energy- and electron-
transfer devices.



Advanced Energy Conversion Division

Advanced Energy Materials Research Section

K. Matsuda, Professor
T. Hinoki, Associate Professor
K. Jimbo, Assistant Professor

1. Introduction

We are investigating the scientific principle and
applications  of new  materials  including
nano-materials for advanced energy science. In Ad-
vanced Energy Material Research section, the physi-
cal 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 2011.

2. Analysis of the Photovoltaic Properties of Sin-
gle-Walled Carbon Nanotube/Silicon Heterojunc-
tion Solar Cells

Carbon nanotubes have attracted a great deal of
interest for photovoltaic applications due to their ex-
cellent physical and electronic properties, including a
band gap that is widely tunable by controlling the
tube diameter and high carrier mobility along their
one-dimensional axis. Recently, the heterostructures
of carbon nanotubes and Si have been extensively
studied to realize highly efficient photovoltaic cells.

Here, we studied the photovoltaic properties of
carbon nanotubes/n-Si heterojunction solar cells.
Figure 1 shows the typical current density-voltage
curve of carbon nanotubes/n-Si heterojunction solar
cell under dark and light illumination conditions.
This device shows the photovoltaic conversion effi-
ciency of 2.4 %. The photovoltaic conversion effi-
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Fig. 1 Current-voltage curve of carbon nanotube
solar cells (conversion efficiency of 2.4%)

ciency strongly depends on the thickness of the car-
bon nanotube network and shows a maximum value
at the optimized thickness. We observed incident
photon to charge carrier efficiency spectra and found
that most of the photocarriers that contribute to the
photovoltaic process are generated in the n-Si layer.
Moreover, detailed analysis of current—voltage curves
based on the equivalent circuit model showed that
shunt loss and forward-bias current are the dominant
factors influencing power loss in the cell. Our find-
ings suggest that the realization of high-density sem-
iconducting SWNT networks at the interface of Si is
important for further improvement of the conversion
efficiency of SWNT/n-Si heterojunction solar cells.

3. Dispersion-Process Effects on the Photolumi-
nescence Quantum Yields of Single-Walled Car-
bon Nanotubes

Carbon nanotubes are applicable to novel optoe-
lectronic devices. A wide range of tunable emission
wavelengths, determined by the tube diameter in the
near-infrared region, is useful for light-emitting de-
vices, such as light-emitting diodes and single photon
sources, as well as also for fluorescence bio-labels.
These devices are based on the luminescence arising
from exciton recombination processes. However, re-
ported photoluminescence (PL) quantum yields
(QYs) of carbon nanotubes are typically in the range
of a few %. The physical mechanisms behind these
limitations, as well as possible procedures that could
be used to enhance the PL QYs, have been exten-
sively investigated.

Here, we studied dispersion-process effects on the
PL QYs of carbon nanotubes dispersed using aro-
matic polymers. It was found that PL QY's of carbon
nanotubes dispersed using aromatic polymers are
nearly independent of the growth method used to
synthesize carbon nanotubes, indicating that PL QY's
are mainly determined by post-growth dispersion
processes. Moreover, we found that relatively high
PL QYs can be obtained when only a moderate
bath-type sonicator is used for dispersion, and the PL
QYs are strongly decreased with increasing soni-
cation time when a vigorous tip-type sonicator is
used. The number density of exciton (bound elec-



tron-hole pair) quenching sites introduced during
sonication was very low (<2 um™). The nanotube
length almost determined the PL QYs of carbon
nanotubes dispersed using aromatic polymers, as
confirmed by experimental results and exciton diffu-
sion model calculations.

4. Development of Pseudo Ductile Porous Silicon
Carbide Ceramics

Porous silicon carbide (SiC) ceramics are very
attractive engineering ceramics in particular for high
temperature use and nuclear application due to high
temperature strength, oxygen resistance, chemical
stability, low activation, radiation resistance and so
on. However the application of porous SiC ceramics
is limited due to brittle feature. Novel porous SiC
composites were developed at Kyoto University. The
objective of this work is to develop pseudo ductile
porous SiC ceramics by SiC fiber reinforcement.

The composites consisted with just SiC fiber and
crystalline porous SiC matrix without fiber/matrix
interphase like carbon (C) as shown in Fig. 2. The
SiC matrix was formed with C powder by liquid
phase sintering or reaction sintering method. The
porous SiC matrix was formed following decarburi-
zation process. The composites showed pseud-ductile
behavior and complicated fracture behavior due to
frictional stress at debonded fiber/matrix interface.
Three point flexural strength was approximately 300
MPa in case of the material with 30 % porosity.

Silicon carbide composites require fiber/matrix
interface layer like C for pseud-ductile fracture be-
havior. The control of thickness and quality for the
interface layer is very difficult, although it is the key

to determine mechanical properties of the composites.

The novel composites showed pseud-ductile behavior
without the interface layer. It is easy to fabricate uni-
form material and reduce the material cost signifi-
cantly. The C interface layer is the weakest link in
some cases in particular for oxygen environment at
high temperature. The novel material just consists
with SiC and applicable for various severe environ-
ment.

Compared to current porous silicon carbide ce-
ramics, strength is more than three times with
pseud-ductile feature by fiber reinforcement. High
temperature use is expected above metal applied
temperature condition. The novel material has

Fig. 2. SEM images of the novel silicon carbide
composites with porous matrix

pseud-ductile behavior and reliability and applicable
for structural material. It is different from brittle ce-
ramics. The novel material doesn’t require fi-
ber/matrix interphase like carbon. It decrease materi-
al 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 expected.

5. Simulation of Neutron Damage on Nuclear Ce-
ramics by Ion Irradiation

Due to the absence of fusion reactors at present,
fusion materials research relies upon simulation ex-
periments. A Multiple Beams—Material Interaction
Research Facility (DuET), composed of two acceler-
ators for heavy ions and He', respectively, has been a
useful tool to study the synergistic effects of lattice
displacements and (n, o) reaction on material proper-
ties. Existing fission reactors have been used for the
simulation study as well, but cope with many prob-
lems such as no helium generation, cost, and uncer-
tainty of the temperature. The highly controllable and
accurate irradiation conditions of DuET would help
to achieve comprehensive experiments with the sig-
nificant advantage in time (~1/1k) and cost (~1/100).
Our research group have focused on the irradiation
effects of ceramic materials, mainly SiC and graphite,
and demonstrated that the exceptionally high irradia-
tion tolerances of the SiC/SiC composites such as the
retaining of the initial strength after irradiation in a
wide temperature range of 280-1400°C and the lack
of measurable void swelling below 1200°C.

6. Transverse Laser Cooling of Magnesium Ion
Beam by Synchro-Betatron Resonance at S-LSR

As collaboration research with Advanced Re-
search Center for Beam Science, Institute for Chem-
ical Research, K. Jimbo engages in a laser cooling
experiment of magnesium ion beam at Small La-
ser-equipped Storage Ring (S-LSR). Synchrotron os-
cillation in the longitudinal direction and betatron
oscillation in the horizontal direction was intention-
ally coupled in the deceleration phase of RF cavity
located at the finite dispersive section. The horizontal
beam size was measured for various synchrotron
tunes as shown in Figure. When the synchrotron tune
was 0.068, which were close to the resonant point of
the fractional betatron tune 0.07, the initial beam size
0.8mm was decreased to 0.55mm. Cooling caused
beam size reductions illustrated transferring the lon-
gitudinal cooling force to transverse direction by the
synchro-betatron resonance; 2-D coupling was con-
firmed.
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Research interest is focused on the development
of advanced lasers and their applications to pioneer-
ing new fields of photon energy technology. The
laser development is aiming at the development of
high-intensity, few-cycle femtosecond (fs) laser
pulses with stabilized carrier envelope phase (CEP)
and the generation of coherent attosecond (as) EUV
radiation. The advanced coherent light sources are
used for the study of ultrafast strong-field interac-
tions with atoms, molecules and solid surfaces. The
goal is to demonstrate potential abilities of coherent
radiation sources in new regimes of science and
technology and contribute to the progress.

2. High-intensity, ultrashort-pulse lasers

Three Ti:sapphire laser chirped-pulse amplifica-
tion (CPA) systems are working in our Section,
which emit high-intensity fs pulses at the center
wavelength of 800 nm. The first one produces a
peak power of 1 TW (40 mJ in 40 fs). This system
has been used for the study of ultrafast strong-field
interactions with atoms and molecules. The second
CPA laser system was designed for the study of ma-
terials control and processing, which can produce 10
mJ in 100 fs pulses with a well-defined intensity dis-
tribution of the output beam.

The third is an advanced Ti:sapphire laser CPA
system for attosecond science, which produces an
average output power of 1.6 W in CEP-locked 25 fs
pulses at a repetition rate of 1 kHz. The 25-fs puls-
es can be compressed to a few cycles (~ 5 fs dura-

Fig. 1. CEP-stabilized Ti:sapphire CPA laser system
that produces intense 5 fs pulses.

tion) by a pulse compressor consisting of a gas-filled
hollow fiber and chirped mirrors for dispersion com-
pensation. Figure 1 shows the overview of the laser
system. The intense few-cycle laser pulses are used
for the high-order harmonic generation in a gaseous
medium to produce attosecond EUV pulses.

3. High-order harmonic generation from different
orbitals in aligned molecules

We have developed a novel technique to detect
the ultrafast revival structure of non-adiabatically
aligned molecules, using high-order harmonic
generation (HHG) with intense fs laser pulses in the
pump-probe measurement. This technique has been
used extensively as the most effective tool for
studying structures and ultrafast dynamics of gaseous
molecules under field-free conditions.

The angle-dependent harmonic yield around the
molecular axis is the key to deduce the ultrafast
nonlinear response of a single molecule. The HHG
is mostly dominated with the electron density distri-
bution in the highest occupied molecular orbitals
(HOMO). However, it has often been observed that
the HHG is affected by low-lying molecular orbitals,
especially in the generation of very high order har-
monics beyond the cutoff region. We have studied
the effect of different molecular orbitals on the HHG.

I s
I'iﬁénr v‘,’
W sdie

Fig. 2. Angle-dependent harmonic signal of different
orders for N, and O, molecules.
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In the pump and probe measurement, the 40-fs
laser pulses were focused into a pulsed supersonic
molecular beam. The harmonic radiation emitted at
different orders was simultaneously detected with an
extreme ultraviolet CCD camera mounted on a
flat-field spectrograph.

The harmonic signal was measured as a function
of the time delay between the pump and probe pulses.
The time-dependent amplitude of harmonic signals
was found to reverse at high harmonic orders. The
signal reversal started at the gth order around the
cutoff region, and the higher order signals decreased
rapidly with the reversed amplitude. The lowest gth
order with the reversed amplitude increases with an
increase in the probe laser intensity.

To see the origin of the signal reversal, the HHG
was observed at the time for the top alignment by
changing the angle « between the polarization direc-
tions of the pump and probe pulses. Figure 2 shows
examples of the angle-dependent harmonic signal
observed at the top alignment for N, and O,. The
results have demonstrated that the HHG above the
cutoff regions are strongly dominated with the lower
molecular orbitals such as HOMO-1 for N, and O,
and HOMO-1 and HOMO-2 for CO,.

4. Nanostructuring in fs laser ablation

The formation of periodic nanostructures ob-
served with fs laser pulses suggests a new field of
nanoscale, ultrafast light-matter interactions and its
potential routes to laser nano-processing beyond the
diffraction limit. For complete understanding of the
ultrafast interaction mechanism, we have made a se-
ries of experimental studies for different materials
with the 100-fs laser. The laser beam was focused
at a moderate fluence on the target.

The periodic nanostructure could be formed on a
variety of material surfaces with superimposed mul-
tiple shots of fs laser pulses at low fluence. We
have shown for DLC film that near-field enhanced
with fs laser pulses plays the essential role in initiat-
ing the nanoscale ablation on the target surface, and
the origin of nano-periodicity observed can be attrib-
uted to the excitation of surface plasmon polaritons
(SPPs) in the surface layer where the dielectric prop-
erties are rapidly changed due to the generation of
high-density free electrons to work like a metal.

We have recently observed for Si in water that the
surface nanostructures were formed with two periods
at ~ 150 nm and ~ 400 nm, and these two kinds of
nanostructures have represented characteristic be-
haviors depending on the fluence and shot number of
laser pulses. The morphological change has sug-
gested that the fine nanostructure is efficiently pro-
duced in succession to the coarse structure.

The experimental results were analyzed with a
model target that consists of the uppermost amor-
phous Si (a-Si) layer and the lower crystalline Si
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Fig. 3. (a) SEM image of the ablated Si surface and its
Fourier spectrum observed with 400 (upper) and 2000
shots (lower) at 60 mJ/cm?, and (b) structural periods
and skin depth calculated as a function of N, for the wa-
ter/a-Si (upper) and a-Si/c-Si (lower) interfaces. The
model surface is shown in the inset.

(c-Si) substrate. The model calculation has demon-
strated that the picture based on the excitation of
SPPs illustrates well the ultrafast dynamic process of
nanostructuring on Si and the other semiconductor
materials. Figure 3 shows (a) examples of a couple
of the SEM image and its Fourier spectrum, and (b)
the structure period calculated as a function of the
electron density N, in the a-Si layer, where SPPs can
be excited in the shaded region of N, 5.52<1021 cm”.
The calculated periods are ~ 300 nm and 100 - 200
nm for the two interfaces, being consistent with the
observation.

Based on the results obtained, we succeeded in
fabricating nano-gratings with the grooves much
smaller than the laser wavelength on GaN and DLC.
The periodicity of grooves can be controlled with the
laser parameters such as fluence and pulse numbers.

5. Theoretical study of laser-matter interactions

We have studied the pulse propagation in the
negative index metamaterial, and found that the
choice of the chirp and the central wavelength of the
incident pulse significantly alters the propagation
velocity of the pulse.

6. Critical heat fluxes of subcooled water flow
Based on the experimental results, we have de-
rived the predictable transient critical heat flux cor-
relations against inlet and outlet subcoolings in a
short SUS304-tube with various twisted-tape inserts.
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1. Introduction

Efficient energy conversion and storage are great
concerns for sound human life in the near future.
This section takes up a mission of materials R & D
for advanced nuclear energy conversion and storage,
such as development of fusion blanket structural ma-
terials and fuel claddings of advanced nuclear sys-
tems. 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) Multiscale 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 structural materials for fusion
systems

The objective of this research is to develop join-
ing and welding technologies for innovative nuclear
fusion materials to realize high thermal efficient op-
eration of advanced fusion blanket systems. In this
work, friction staring welding (FSW) and solid state
diffusion bonding (SSDB) method was applied to the
ODS steel (16Cr-4A1-2W-0.35Y,03), and the mecha-
nism of high performance properties of the ODS
steels has been investigated by means of
high-resolution TEM microstructure observation.

Structure determination and chemical analysis of
nano-scaled oxide particles in an ODS steel, which
demonstrates much higher performance than ordinary
ferritic steel, were carried out by means of high reso-
lution TEM examinations. It was shown that the
higher strength of the ODS steels was due to good
coherency of fine oxide particles of Y,TiOs and
Y,Ti,0; with the matrix of the ODS steel.
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1L.67T%. Therefors, this
type of @-¥,; Ti0,
confitule sbout 17%
of the particles in
S0C-5 The other fype
of a- ¥, Ti0,

conilitule sboul I7%

B uF5 06" 5 24T O B0.60° Fu 76T

Fig. 1 Oxide particles in an ODS steel (Fe-15Cr-
4A1-2W-0.1Ti-0.35Y,0;) and evaluation of coheren-
cy between the particles and matrix.
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FSW was performed for an ODS steel with high
Cr concentration at a rotating speed of 800 rpm with
a line-scanning speed of 50 mm/min. The FSW
treatment resulted in a growth of the grains, and con-
sequently, a remarkable reduction of the strength at
RT. However, the reduction of strength at elevated
temperatures was so small that the FSW is adequate
for the application of ODS steels to practical blanket
fabrication.

SSDB was carried out at 1200°C at 25MPa for 1
hr with and without insert material. Since the melting
temperature of the insert material was lower than
1200°C, the insert material is melted and the method
is often called as transient liquid phase bonding
(TLPB). Tensile strength of both the SSDB and
TLPB was not degraded by the bonding treatment.
The elongation of TLPB was reduced to about a half
of the material. However, the elongation of SSDB
was not reduced at all, indicating the SSDB joining
method is very suitable for ODS steels.

3. Damage rate dependence of defect cluster nu-
cleation in tungsten during irradiation

Component materials of nuclear fusion reactors
suffer from the bombardment of high energy particles.
In irradiated materials, a variety of point defects such
as interstitials, vacancies, helium and hydrogen gas
atoms are produced by atomic displacements and nu-
clear transformation.

Tungsten (W) is proposed as one of the candi-
dates for the first wall protection in fusion power
plants. In irradiated tungsten at temperatures where
vacancies can move, voids (vacancy clusters) are ex-
perimentally observed by transmission electron mi-
croscopy (TEM). Voids induce swelling, which leads
to the dimensional changes of the material.

In the present study, kinetic Monte-Carlo (KMC)
simulations were performed to evaluate void nuclea-
tion process in W during irradiation, in order to un-
derstand void formation mechanism. The growth or
shrinkage of a void is determined by a balance be-
tween the influx and outflux of point defects into and
from the void, respectively. The influx of point de-
fects into a void is given by 4nRD,C}, in the unit of s'l,
where C; is the concentration of type k point defect in
the matrix which depends on irradiation condition. C
is usually obtained by solving the following simulta-
neous rate equations applied to the system:

dcC 47r,
7;:P_ QO (DI+DV)CICV_KSIDICI
div =P- 4_7;;0 (DI + DV)CICV - KD, Cy

On the other hand, the outflux of point defects
from a void is provided by the binding energy of
point defects to a void, which was previously ob-
tained by classical MD and ab-initio calculations.

The nucleation rate of voids depends on tempera-
ture and the sink concentration of a system. It is
found that the nucleation rate is a decreasing function
of temperature, and it is also a decreasing function of
sink strength. A more interesting point here is the
dependence of nucleation rates on damage rate de-
scribed by dpa/s, as shown in Fig. 2. When the sink
strength is relatively low, the nucleation rate is in
proportion to the damage rate, while when the sink
concentration is high, the nucleation rate is in pro-
portion to the square of damage rate. All of these
findings have not been obtained by the conventional
nucleation theory that assumes the steady-state con-
dition for embryo growths.
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Fig. 2 Damage rate dependence of void nucleation
rates as a function of sink strength

4. Nanoindentation test method R&D

The irradiation hardening behavior of re-
duced-activation ferritic steels was investigated by
means of nanoindentation test technique utilizing
DuET facility. The ion-irradiation experiments were
conducted at 290 °C with 6.4 MeV Fe'* ions up to 3
dpa at a 600 nm depth from the irradiated surface.
Furthermore, these experiments were conducted with
and without simultaneous energy-degraded 1 MeV
He" ions up to 300 appm. The materials used were
F82H, F82H+INi, and F82H+2Ni to investigate the
effect of Ni addition on the irradiation hardening be-
havior.

The measured nanoindentation hardness was
converted to the bulk-equivalent hardness based on a
combination of the Nix-Gao model to explain the in-
dentation size effect and the composite hardness
model to explain the softer substrate effect of the
non-irradiated region beyond the irradiated depth
range. It is clearly shown that the Ni addition en-
hances the irradiation hardening of F82H. The effect
of simultaneously-implanted helium on the irradia-
tion hardening is negligible in the investigated irradi-
ation conditions.
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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.
Recent results of Heliotron J plasma confinement in
FY2011 are summarized as follows:

(1) Effects of neoclassical drift optimization on
the global bulk plasma confinement are the key is-
sues of Heliotron J experiments based on the bumpi-
ness-toroidicity diagram of the collisionless particle
flux by the Shaing & Hokin model. The low g, and
high g, configuration has realized a high performance
plasma of <B4;,>~ 0.8% (5 kJ) at B=1.32 T under the
reheat-mode like conditions by using short and strong
gas-puffing. (2) On the other hand, supersonic mo-
lecular beam injection (SMBI) as another method of
gas fuelling could expand the operation region of He-
liotron J, providing unique plasma evolution includ-
ing an induced H-mode. The dynamic 7, variation in
the core region is remarkable due to its beneficial ef-
fects of core fueling. In addition, moderate fueling by
multiple SMBI allowed a stepwise growth of internal
energy (W,) in ECH+NBI operation. Above a certain
threshold density (n.~1.75x10"m™), this operation
also resulted in H-mode plasma (simultaneous in-
creases in density n. and plasma energy W, together
with a reducing divertor probe array signals as well
as a reducing H,, signal within ~15 ms. (3) Fast cam-
era measurement systems have revealed that SMBI
causes the reversal of the poloidal rotation of the
filament structure of the edge plasma fluctuation. (4)
AM reflectometer system has been developed to
measure the temporal variation of plasma density
profile. By using this system, the gas-puff modula-
tion analysis for 0.3-MW ECH particle transport
(pump-out) has been carried out and the obtained re-
sults revealed that the spatially constant particle dif-
fusion coefficient D, = 2.3 m%/s and the particle
convection velocity Veoe = 2.3 m/s (outward) in the
core region for ne=0.9x1019m'3, and that both Do
and V. increase rapidly with a decrease in n.. Here
it is assumed that D(r)=D.o. and V(r)=(r/a)Vor
where Do and V. are constant in r/a<0.6. (5) The

parallel (nearly, toroidal) velocity v, of the fully
stripped carbon species for co- (or ctr-) NBI plasmas
was measured, simultaneously with 7;(p) in the al-
most whole radius, by the newly installed CXRS.
The measured value of v, showed a rather peaked ra-
dial profile with a peaked deposited beam torque.
Furthermore, the edge rotation indicates non-zero
positive value for both co- and ctr- injections, sug-
gesting some contributions from radial electric field,
diamagnetic, or turbulence. As for the configuration
effects of toroidal rotation, the lower toroidal rotation
was observed for the larger toroidal mirror ratio con-
figuration (high-bumpy configuration) than that of
the standard configuration (medium-bumpy configu-
ration) or reversed toroidal mirror configuration.
(6) A simple force balance between the beam torque
and the neoclassical parallel viscous damping could
not provide a reasonable explanation of the observed
central toroidal rotation reduction by more than a
factor of 10, as compared with neoclassical predic-
tion, which depends on the toroidal mirror ratio. Par-
allel particle momentum given by NBI may be inter-
preted to be transported out of the plasma by the
strong perpendicular momentum diffusive process
and others. (7) A new approach to plasma startup us-
ing NBI assisted by 2.45 GHz microwaves was de-
veloped for high-§ experiments. (8) Characterization
of energetic-ion-driven MHD instabilities (GAEs or
EPMs) has progressed using magnetic probes, soft
X-ray diagnostics, hybrid directional Langmuir
probes, beam emission spectroscopy (BES), etc. and
relevant  simulations. For  low-density =~ NBI
(cotctr)-only plasmas, BES measurements showed
that there exist at least three kinds of density fluctua-
tions (~90 kHz, ~70 kHz, ~20 kHz) whose radial dis-
tributions are substantially different (A: broad, B:
core, C: edge). (9) Electron cyclotron current drive
(ECCD) experiments revealed that the EC driven
current can be controlled by N, depending on the
magnetic configuration. Comparative studies of ex-
perimental ECCD and TRAVIS-code predictions
clarified the important role of trapped particles on
ECCD.

2. Energetic-ion-driven MHD Instabilities in Hel-
ical Plasmas with Low Magnetic Shear



Most concepts of advanced helical plasma have a
low magnetic shear in combination with a magnetic
well for good stability against pressure-driven MHD
instability and low toroidal field period N, for both
good particle confinement and MHD stability. The
existence and stability of energetic-ion-driven MHD
instabilities such as Alfvén eigenmodes (AEs), which
would affect the transport of energetic ions including
alpha particles in a fusion reactor, are characterized
by the magnetic configuration. In order to clarify the
energetic-ion-driven MHD instabilities in ad-
vanced helical plasmas, we have experimentally
and numerically investigated the energet-
ic-ion-driven MHD instabilities in Heliotron J and
TJ-II (CIEMAT, Spain) under the international re-
search collaboration. Both have three-dimensional
magnetic configuration, low magnetic shear and N,
=4 to obtain good MHD stability. In addition, both
share similar parameters such as plasma major ra-
dius, and energy and power of tangential NBI. The
iota, which is the main difference between both
devices and key parameter to characterize the shear
Alfvén spectra, can be varied in the range
0.45~0.65 and 0.9~2.0 in the Heliotron J and TJ-II,
respectively. The MHD instabilities destabilized
by the energetic ions are observed in NBI-heated
plasmas of Heliotron J and TJ-II. The frequency of
observed modes is in the range of Alfvén frequency
and inversely proportional to the square root of
density. In order to identify the observed mode, we
have compared the experimental results and numer-
ical simulations by STELLGAP and AE3D code
where we took into account three-dimensional mag-
netic configuration which leads to the both poloidal
and toroidal mode coupling of each shear Alfvén
wave. In the case of Heliotron J, we only found the
global AE (GAE), whose frequency is lying just be-
low the shear Alfvén continuum of m=2/n=1 as shown
in Figs.1 (a) and (b). Figures 1 (a) and (b) show the
radial profile of the displacement of discrete
eignfunction, which is mainly composed by the
m=2/n=1 component and corresponds to the GAE, and
shear Alfvén continua of each Fourier component
belonging to the same mode family N=1. Black bro-
ken line in Fig. 1(b) indicates the frequency of discrete
eigenfunction shown in Fig. 1 (a). The frequency,
mode number and radial structure of calculated GAE
agree with the experimental results obtained from
Mirnov coils and soft X-ray measurement. The ob-
served modes are identified as GAE in the Helio-
tron J. It is presumed that the effect of toroidal mode
coupling for GAE is fairly weak although », is small.
HAE frequency is predicted above 500 kHz in the
Heliotron J. On the other hand, in the case of TJ-II, we
only found helicity-induced AEs (HAEs) with fre-
quency similar to the experimental results in simula-
tions. It seems that the observed mode in the TJ-II is
HAE although there are uncertainty in both toroidal

hi_sid_Him31

f=94.6kHz bouzde0_rinip
€ = m=1/n=1 a) -
; ! @
s
m=2/n=1
-1 1 1 1
T E
> ]
= .
= -
(4] o
c ]
g E ]
e [ B R — -
€ F N\ , ]
w ¢ N o
sob /N / Y/, \/4
0 aicl \l\ l ! 1 1 il
! y 1

Fig.1. (a) Displacement profile of ei-
genfunction with /=95.6 kHz and (b)
Calculated shear Alfvén continua for
mode family N=1 of Heliotron J.

and poloidal mode number. To make more clear the
effect of iota on AEs, we have performed iota scan
experiments in both devices where the iota is scanned
in the range of 0.47~0.63 in Heliotron J and 1.53~1.85
in TJ-II. Figures 2 (a) and (b) respectively show the
GAE frequency as a function of iota in Heliotron J,
obtained from numerical simulations and experiments,
respectively. Experimental results show two trends
that the GAE frequencies labeled A, and B and C in
Fig. 2(b) respectively decrease and increase with an
increase of iota. This is the same tendency found in
the numerical simulations. The difference of the fre-
quency dependence on iota can be explained by the
difference of poloidal mode number of GAE, as
shown in Fig. 2(b). In addition to the iota scan ex-
periment shot by shot, we have performed dynamic
iota scan experiments with constant density in time in
TJ-II. We can actually follow the frequency change of
observed modes in dynamic iota scan experiment. The
observed frequency decreases as iota increases. This
frequency dependence on iota can be explained by not
GAE but HAE. From these results, the most unstable
AE is GAE and HAE in configurations with low (io-
ta~0.5) and high (iota~1.5) iota, respectively.
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Fig. 2. Frequency of GAE obtained from (a) sim-
ulation and (b) experiment in Heliotron J.
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1. Introduction

The RFP is a compact, high-beta magnetic
confinement concept, where beta is the ratio of
plasma pressure to magnetic pressure. The great
advantage of the RFP is that it requires weak external
toroidal magnetic field. Recent RFP research has

revealed two scenarios for confinement improvement.

One is the plasma current profile control to suppress
the core resonant dynamo modes [1]. The other is the
Quasi-Single Helicity (QSH) scenario which allows
only a single dominant mode to grow. In this QSH
scenario, magnetic surfaces recover inside the
magnetic island associated with the dominant mode.
As an extreme case, the Single Helical Axis (SHAx)
state has emerged as a new self-organized helical
RFP state [2].

2. QSH state in RELAX experiment

An equilibrium analysis has shown that the
aspect ratio 4 (= R/a) is an important parameter for
optimization of the RFP configuration because the
safety factor (q) profile is closely connected to 4
in the self-organized state. Furthermore, some
theories show that the pressure-driven bootstrap
current increases as 4 is lowered to less than 2.
RELAX is a RFP machine (R = 0.5 m/a = 0.25 m:
A = R/a = 2) to explore the plasma characteristics
in low-4 regime. The RFP configuration is often
discussed in (®, F) space, where the pinch
parameter ® is the ratio of edge poloidal field
By(a) to the average toroidal field <B2>, and the
field reversal parameter £ is the ratio of the edge
toroidal field B(a) to <Bg>. Experimentally
achieved wide discharge regions in (®, F)) space in
RELAX are discussed in ref [3]. In shallow
reversal plasmas, the discharge tends to transit to
the QSH state [4], or helical Ohmic equilibrium
state which is essentially the same as the SHAx

Fig.1 A schematic drawing of OSH in RELAX.

Fig.2: An example of SXR helical structure
enhanced by applying subtraction technique to
the experimental tangential images taken by a
high-speed camera (10° fps).

state. Experimental internal field profiles of B,, By,
and B, showed good agreement with the theoretical
helical Ohmic equilibrium state [5].

A schematic drawing of the QSH state in
RELAX is given in Fig.1, where the helical pitch
is determined by the m=1/n=4 tearing mode which
has the innermost resonant surface.

3. Direct observation of helical filament
in soft-X ray tangential image in RELAX

Recent progress in high-speed soft-X ray (SXR)
imaging diagnostic has made it possible to observe
time evolution of the tangential SXR image. We take
SXR images at a rate of 10° frames per second with a
high-speed camera. When subtraction technique is
applied to the images with 10 ps time interval, we
can identify a simple helical structure as shown in
Fig.2. By subtraction, the background SXR
radiation which corresponds to an axisymmetric
equilibrium component is removed, and the
remaining structure originating from time evolving
asymmetric component is enhanced. The color code
in Fig.1 shows that a helically deformed core with
higher SXR emissivity is rotating. The radial location
of the filament agrees with the location of the ¢ = 1/4
resonant surface, and the poloidal location of the
helical filament corresponds to the O-point of the
magnetic island associated with the dominant
m = 1/n = 4 mode. The rotation speed of the helical
structure is ~1.6x10%rad/s, almost the same as that of
the m = 1/n = 4 mode. These results are consistent
with the SXR emissivity profile measurement which



]

Ecos| B ib] |
] B
[ i 0,8 ™y —Bp
2204 5 T
e e 2'; 0.2
-~ Y] . =
/- Y 0.3
y \ —— 14
/ o2t } 115
Vo= e ]

| I@ | ﬂ.‘-: w}‘}n
| i 7 | P :

L. T 04 05 68 10
‘\ v r/a

\“a_ / E:_ (d)
ful £,
() 3.,
E
e =T

4 5 6 T
n

Fig.3: (a) Poincare plot of the field lines using
ORBIT code. (b) equilibrium field. (c) q profile
with major resonances. (d) edge magnetic
Sfluctuation spectrum.

suggested improved confinement in the helically
deformed core [4].

4. Magnetic topology of QSH in RELAX

Figure 3 shows a Poincare plot of the magnetic
field lines in a poloidal cross section during the QSH
phase in RELAX. It is the result of ORBIT code, in
which the radial eigenfunctions of the resonant
modes were obtained by solving the Newcomb
equations. Experimental magnetic fluctuation spectra
at the edge were used as the boundary conditions. We
can identify the helically deformed nested flux
surfaces in the core region. One of the characteristics
in RELAX is that helical RFP state is realized with
lower current (and lower current density) than in
other RFPs. The magnetic Reynolds number S is also
lower. The easier access to the helical state may
result from the ¢ profile in low-4 RFP where wider
space without major resonance allows the island to
grow without interacting neighboring mode.

5. High-current operation in RELAX

The MHD behavior of RELAX plasmas has been
studied in detail in the current region from 40 kA to
80 kA in ref [3], where two possible improved
confinement regions were suggested: QSH-
dominated shallow-reversal region and deep-reversal
region with low magnetic fluctuation level. In both
regions, further improvement of confinement can be
expected with higher S because quality of the QSH is
improved more at higher S, and magnetic fluctuation
level decreases with increasing S in the RFP. In order
to improve plasma performance we have started
optimization of high current operation. An
example of the optimized 100 kA discharge is
shown in Fig. 4. The discharge resistance decreases
with increasing the plasma current, which has shown
the possibilities of improved performance of low-4

100
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Fig.4: Optimized 100 kA discharge waveform.

RFP plasma.

6. Summary

We have made a direct observation of the soft-X
ray (SXR) helical structure in the quasi-single
helicity (QSH) phase in a low-aspect-ratio (low-A4)
reversed field pinch (RFP) machine RELAX. The
field line trace has shown a large helical deformation
in the core with closed flux surfaces, being consistent
with the present and previous SXR imaging
diagnostics. The helical core with higher temperature
and/or density are easily formed in RELAX which
may be attributable to the characteristic ¢ profile in
low-A RFP configuration. Discharge optimization at
high current (~100 kA) has shown possibilities of
improved performance of low-4 RFP plasma.
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1. Introduction

Achieving  better  time-resolution of a
measurement allows us to observe matter’s faster
dynamics. Generally, molecular structural change
occurs with a few-tens femtoseconds (1 femtosecond ,
fs, = 10" s) while electron motion in an atom or a
molecule can occur attoseconds (lattosecond, as, =
10"%s) time scale. Once attosecond time-resolution
can be achieved, one can measure electron dynamics
in a molecule without disturbance from the molecular
structural change.

There are major two approaches for attosecond
measurements: one is to use high harmonic emission
as a pump or a probe pulse while the other is to use a
so-called re-colliding electron pulse [1-2]. High
harmonics and re-colliding electron pulses are
generated by irradiation of intense infrared,
femtosecond laser pulses to gaseous atoms or
molecules. For attosecond measurements,
stabilization of the carrier-envelope phase (CEP) of
the laser pulses are essential. We have developed
intense laser and measurement systems for measuring
attosecond phenomena in atoms and molecules.

2. CEP stabilized laser and measurement systems
Our chirp pulse amplified, Ti:Sapphire laser
system generates 35 fs, CEP stabilized, 2 mJ pulses.
The center wavelength is 780 nm and the repetition
rate is 1 KHz. The 35 fs laser pulses can be
compressed to < 5 fs by a conventional pulse
compression technique which uses a hollow-core
fiber and chirped mirrors. The carrier-envelope phase
of the oscillator laser pulse is measured by a f-to-2f
optical interferometer and stabilized by adjusting
position of one of the end mirrors in the oscillator.

Fig. 1. Overview of the laser system and the
attosecond measurement systems.

The CEP stabilized pulse is amplified by a single
stage, multi-path amplifier. We measured the CEP
stability of the amplified pulse by a single-shot,
f-to-2f spectrometer and confirmed that the stability
is sufficient for attosecond measurements.

We made experimental apparatuses for generating
high harmonics and measuring the spectrum. We
used a pulsed jet to inject gas to generate high
harmonics. The high harmonic emission are
dispersed by a flat-field grating and measured by a
two-dimensional microchannel plate. We also made a
single-channel time-of-flight mass spectrometer and
a velocity map imaging photoelectron momentum
spectrometer. These spectrometers are used to
observe photoions or photoelectrons generated by
irradiation of attosecond high harmonic generation to
a sample molecule.

3. Measuring attosecond electron wavepacket
motion [3]

One of the major aims of attosecond science is to
measure electron dynamics in a molecule with
attosecond time-resolution. In terms of atoms,
Sansone et al has measured electron wavepacket
motion in Kr atom using transient absorption
spectroscopy [4]. The electron motion is induced by
coherent optical coupling between the spin-orbit
states. However, it is difficult to apply this approach
to electron motion in a molecule because a molecule
has more complicated energy levels than atom’s.

We developed a new approach to observe
dynamical changes in an electron wavefunction or
electron wave packet motion in a polyatomic
molecule[3]. We combined different color laser
pulses spatially and temporally and measured high
harmonic spectrum generated from a sample
molecule as a function of the delay between the two
pulses. From the two-dimensional high harmonic
generation spectrum, we obtained information of
dynamical change of the electron wavepacket in the
molecule in the range from 800 as to 1400 as after
the motion is started.
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1. Introduction

Surfaces and surface layers on solid materials play an
important role in many photo-energy conversion pro-
cesses. In this research section we investigate the for-
mation of various surface structures and study surface
and interfacial phenomena. We utilize electrochemical
methods and laser spectroscopic techniques to perform
research in this subject.

In this academic year we have investigated the effect
of alcohols upon macroporous Si formation, new design
of Si rugate filter for gas sensing, control of platinum
electrodeposition in microporous Si, particle monolayer
structure at oil-water interface under electrostatic poten-
tial, and the mechanism of non-gated double pulse un-
derwater laser-induced breakdown spectroscopy.

2. Effects of alcohols and organic solvents in the
electrolyte on macroporous Si formation

Anodization of silicon in HF solution produces a
porous Si. The size and shape of the pores are dependent
on anodization conditions including solution composi-
tion. Historically, many researchers have added alcohol
in the HF solution. It is considered that the alcohol re-
duces the surface tension and the reduction is effective
to avoid the Si surface to be covered by H, bubbles and
to facilitate the infiltration of electrolyte into the narrow
pores. The effects of alcohol upon the pore formation
have attracted little attention. However, macropore for-
mation in p-type Si usually requires the presence of or-
ganic solvent such as acetonitrile and DMSO (dime-
thylsulphoxide). In some cases, alcohol is also contained
in the solution.

The reactivity of alcohol with Si was investigated in
the course of the macropore formation. The presence of
methanol results in dissolution of the porous layer lead-
ing to collapse of pore walls and also recession of the
top surface of the porous layer. Increase of carbon num-
ber, i.e. methanol to butanol, causes the structural stabi-
lization. Further addition of another organic solvent
such as diethyl ether and acetonitrile reduces the insta-
bility. Increase of HF concentration also enhances the
stability. These results obviously show the reactivity of
alcohol with Si. The type of alcohol has an effect on the
pore formation. Not only current density or HF concen-

tration but also the type of alcohol affects the pore
structure.

3. Structural design of Si rugate filters for gas sens-
ing

Electrochemical anodization of a silicon wafer in HF
solution results in the formation of a porous layer. Many
structural properties of the layer, such as porosity, can
be tuned by controlling the anodization parameters. This
enables facile production of periodic structures as a
function of layer depth. Rugate filters utilize a structure
in which porosity is sinusoidally modulated. Due to the
nanometer-size scale of the pores the material can be
optically considered as an effective medium, where the
refractive index is dependent on the porosity. With
proper control over the structural periodicity and refrac-
tive index variation, structures that exhibit photonic
bandgaps can be produced.

p-type silicon was anodized in HF solution using a
computer controlled current source. Different types of
structural modifications to a rugate filter such as stack-
ing and superposition of filters, and refractive index
matching layers were surveyed for the effectiveness on
gas sensing. Vaporized ethanol was employed as the gas.

High sensitivity can be obtained with a stacked filter,
whereas the superposition filter structure allows the
preparation of a thinner filter layer, which promotes
faster recovery from vapor exposure. The use of a re-
fractive matching layer minimizes interference fringes
produced by stacked structures. Based on the results
both the stacked and the superimposed filter structure
show promise in gas sensing applications.

4. Control of platinum electrodeposition in mi-
croporous silicon

We have found that platinum electrodeposition in mi-
croporous silicon is strongly enhanced by using a
chemically-modified hydrophobic microporous silicon.
In this year, for understanding this behavior, we have
developed a theoretical model of the hydration proper-
ties of platinum ions and the pore wall, which is a statis-
tical-mechanical theory and calculates the concentration
of platinum ions in the immediate vicinity of the pore
wall. The theoretical results have revealed that the hy-



drophobic wall induces a great enrichment of platinum
ions, but the hydrophilic wall results in a decrease of the
concentration. In addition, this model has also suggested
that the electrodeposition within the porous layer is en-
hanced if the diameter of platinum ion is large. Thus we
changed the ions from [PtCl,]* to [PtBr,]*. As a result,
we have observed that the number of platinum particles
increased to a great extent as predicted by the theoretical
approach.

Thus we think that the difference in the electrodepo-
sition behavior with hydrophobic and hydrophilic mi-
croporous silicon can be explained by the hydration
property. By considering the hydration property, the
electrodeposition reaction in the porous layer can be
controlled in a variety of manners.

5. Control of particle monolayer structure at
oil-water interface by electrostatic potential

Self-assembly of particles at oil-water interface can
be used as an initial step for various two-dimensional
structure formation. Such two dimensional ordering of
the colloidal particles is sensitive to the interparticle in-
teraction. The interaction is basically inherent in proper-
ties of the particles and liquids. However, if the particles
are charged, the interaction can be controlled by applied
external electric potential.

Spherical plain polystyrene particles dispersed at
n-decane/0.1 M NaCl aqueous solution interface were
studied. The diameter of the particles was 3.2 pm. We
put two electrodes made of Pt wire with 5 um in diame-
ter from the decane phase to the very vicinity of the in-
terface. The distance between the electrode tips was 370
um. The behavior of polystyrene particles was moni-
tored with a microscope equipped with a CCD detector.

Fig. 5-1 shows the optical microscope image of the
interface obtained with applying 20 V between the two
electrodes. The plain polystyrene particles were attract-
ed by the positive electrode, meaning that the particles
are negatively charged. Surface charge density can be
estimated by analyzing the particle distribution near the
electrode. The analysis is based on the calculation of the
electric force applied to charged particles.

A Tt 300

Fig. 5-1 Optical microscope image of polystyrene
particles at n-decane/0.1 M NaCl aq interface with
applying potential between the two electrodes in-
serted from the n-decane phase.

6. Mechanism of non-gated double pulse underwater
laser-induced breakdown spectroscopy

In the last academic year we have clarified that mul-
tipulse irradiation results in the ablation plasma which
gives clear well-defined atomic emission spectral lines
in water even without time-gated detection of the optical
emission. In this year we found that such non-gated de-
tection is possible also for the double pulse irradiation,
if we optimize the pulse interval and the pulse energy.
The optimized pulse interval ranges from 15 ps to 50 ps,
and the optimized energies of the first and second pulses,
respectively, are 0.4 mJ and 1 mJ. The mechanism be-
hind such observation was investigated.

The shadowgraph measurements show that the cavi-
tation bubble generated by the first pulse becomes
maximum after 15 ps to 50 ps from the first pulse,
which corresponds to the optimized timing of the second
pulse. We also obtained a shadowgraph image of the
cavitation bubble with simultaneous imaging of the
plasma (Fig. 6-1). The gate width is 500 ns covering the
timing of the second pulse, and hence the plasma image
includes the emission immediately after the irradiation.
The plasma sits well inside the cavitation bubble, and
not contacting the boundary of the bubble. Furthermore,
the measurement of the spectra with the second pulse
irradiating the spot spatially shifted from the first pulse
results in the extinction of the emission, even though the
second pulse irradiation is inside the bubble.

In consequence, narrow and clear atomic emission
lines owe to the synergetic effects of the first and later
pulses, i.e., the first pulse creates a bubble and heat the
irradiation spot without the formation of plasma and the
later pulse produces a rather low-density plasma in the
bubble by mildly ablate the spot which have been ener-
gized by the first pulse.

| boundary
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Fig. 6-1 Shadowgraph image of the bubble with sim-
ultaneous imaging of the plasma caused by the se-
cond pulse. The image is shown in (a), and the inten-
sity profile along the solid line in (a) is shown in (b).
Broken line in (a) indicates the surface of the target.
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1. Introduction

Nanometer-scale technology and science are so
important to produce the unprecedented materials for
energy. Our group studies the basics of assembling
small molecules into the advanced materials and de-
vices in energy sector with high efficiency. Follow-
ings are main research achievements in Molecular
Assemblies Design Research section in the year of
2011.

2. High hole mobility of molecular wires by elec-
trochemical epitaxial polymerization

Key to realize the high performance of organic
devices using conjugated polymers is how to fabri-
cate a highly organized structure on surface at a sin-
gle molecular scale. Here we have demonstrated a
unique single-molecular processing-technique using
electrochemistry, called ‘electrochemical epitaxial
polymerization’ (ECEP). This technique is based on a
step-by-step electropolymerization of monomer
along the lattice of iodine-covered Au(111) surface to
form the single conjugated-polymer wires by apply-
ing voltage-pulses into monomer-electrolyte solution.

Epitaxially polymerized conjugated polymers can
be successfully deposited layer by layer on [-Au(111)
up to 10 nm thickness. We have recently demon-
strated polymerized wires on I-Au(111) could be
transferred to insulator substrates such as sur-
face-oxidized Si, glass and various insulating poly-
mers.

Electric double layer capacitor (EDLC) FET de-
vices using epitaxially polymerized molecular wires
showed highest hole mobility of 1 cm2V-1s-1 that
have never been reported so far in conjugated poly-
mers. Other types of FET using different gate dielec-
trics were compared with these results.

3. Benzotrithiophene polymer network prepared
by electrochemical polymerization with a combi-
nation of thermal conversion

Polythiophenes are known to have well estab-
lished 1D m-conjugated system. We previously re-
ported electrochemical epitaxial polymerization,
which is the molecular—scale polymerization of
monomers along the atom-lattice of substrate, to

produce highly ordered polythiophene wires with a
length of 100 nm on iodine modified Au(111). 2D
materials are desired to be fabricated on electrode
using this electrochemical technique. Thio-
phene-based molecule, which possesses C; symmetry
such as benzo[b]trithiophene (BTT) is a candidate as
a precursor to form the well developed 2D
n-conjugated thiophene network by the polymeriza-
tion reaction. There is only a report with regard to the
electropolymerization of BTT using cyclic voltam-
mogram on Pt disc or ITO electrode, showing insta-
bility of electropolymerized BTT from the results of
oxidation potential varied with repeated scan. How-
ever, the detail features of these compounds are un-
known.

In this context, two-step method to produce 2D
conjugated polymer network on substrate, electro-
polymerization of BTT to form oligomers with com-
bination of thermal conversion into 2D polymers has
been investigated. Advantage of electropolymeriza-
tion is to form BTT oligomers absorbed onto elec-
trode surface. Formed BTT oligomers have a higher
sublimation temperature than that of monomer be-
cause the monomer sublimates at temperature of 200
degrees with an atmospheric pressure of nitrogen.
Therefore, thermal treatment around 500 degrees in
order to develop the further conjugation by a cy-
clodehydrogenation reaction can be applied to BTT
oligomers as second step. In conclusion, we proposed
the method combined electropolymerization and
thermal treatment applied for C; symmetric BTT
molecule to produce the conjugated-polymer network.
Thermally treated electropolymerized BTT film at
500 degrees shows 107 times higher conductivity
than before. It retains thiophene structure in spite of
heating by Raman spectra. Absorption spectra of heat
treated electropolymerized BTT film suggests ex-
tended m-conjugation. These results indicate the pro-
duction of 2D network polymer consisted from Cj
symmetric BTT.

4. Improvement of efficiencies of organic solar
cells: Development of materials and novel design
of device structure

Polymer solar cell is one of the promising new



type photovoltaic conversion devices with the ad-
vantages of lightweight, large-area, flexibility and
low cost roll-to-roll production by using the conven-
ient well-developed solution-based thin film deposi-
tion technology. For the sake of highly efficient pho-
tocurrent conversion efficiencies of organic thin film
solar cells in terms of reduction of carbon dioxide
emissions, we intended to (1) improve the evaluation
of carrier transportation for the devices, (2) reform
the surface of nanostructured electrodes, and (3) de-
velop novel coating methods for thin-film making in
FY2011.

(1) Improvement of the evaluation of carrier
transportation for the devices:
Poly(3-hexylthiophene) (P3HT) as a conventional
donor material and (6,6)-phenyl C61 butylic acid
methyl ester (PC61BM) as an acceptor have been
prepared and applied for organic photovoltaics
(OPVs). Carrier mobility for glasscceptor have
beP3HT-PC61BM /TiOx/Al has been measured by
CELIV (Carrier Extraction by Linearly Increasing
Voltage) technique. Further improvement and modi-
fication of the evaluation technique based on the
CELIV method was performed and lifetime of the
carrier has been able to be obtained by CESC (Carri-
er Extraction at Short Circuit) method [Jpn. J. Appl.
Phys., 2011, 50, 01BC13].

(2) Reforming of the surface of nanostructured
electrodes: Several lengths of ZnO nanorod arrays
were prepared by changing the duration of hydro-
thermal growth. Various types of small molecular
organic dyes were adsorbed onto the surface of the
ZnO nanorod arrays and applied them for polymer
(P3HT) hybrid OPVs as an electron-transporting lay-
er. The use of indoline dye D205, which has dipole

moments directing away from the ZnO surface, was
found to suppress the reverse saturation dark current
density and charge recombination, and to conse-
quently lead to higher open-circuit voltage and im-
proved power conversion efficiency (PCE) from
0.22% to 0.71%. Suaraine derivative was synthesized
and was found to improve device performance by
extending the light-harvesting range to the near in-
frared region, leading to increased short-circuit cur-
rent density and the highest PCE of 1.02% [J. Phys.
Chem. C, 2011, 115 (48), 23809-23816].

(3) Development of novel coating methods for
thin-film making: Additional spray coating method
has been newly developed as alternative of conven-
tional spin coating method for preparation of
thin-films. Surface roughness and pinholes were re-
markably reduced by the combination of the addi-
tional spray coating and post annealing. This
thin-film making process achieved power conversion
efficiency of over 3% for glass—
ITO/PEDOT:PSS/P3HT-PC61BM /TiOx/Al [Organ-
ic Electronics, 2011, 12 (12), 2165-2173].
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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 2011.

2. Zinc-Finger Proteins for Site-Specific Protein
Positioning on DNA-Origami based molecular
switchboard

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,
proteins are a particularly interesting class of molecules
to assemble because of their huge functional variability.

We developed that different locations within
DNA-origami structures are site-specifically and
orthogonally targeted by using sequence-specific

DNA-binding proteins as an adaptor, and demonstrate
that adaptor-fused functional proteins are assembled at
specific locations within DNA-origami structures. As

DNA origami

e e —————— = L
————Zinc Finger
“Adaptor”

the first trial, we choose the zinc-finger proteins (ZFPs),
because it is one of the best-characterized classes of
DNA-binding proteins and the artificial ZFPs can bind
to a wide variety of DNA sequences. Two types of
well-characterized ZFPs, each with an affinity for a
unique sequence of ten base pairs in the low nanomolar
range, were chosen as the orthogonal adaptors for
specific locations in the DNA-origami structures. A
rectangular DNA-origami structure that has five
addressable cavities was designed. Each addressable
cavity was designed to hold up to four ZFP-adaptor
binding sites. The folding of an MI13mpl8
single-stranded DNA through the use of 159 staple
strands was prepared. The mixture of DNA-origami and
ZFP adaptor fused chimeric protein was adsorbed onto
mica and analyzed by AFM at the single-molecule level.
The AFM images indicated the selective and orthogonal
binding of ZFP adaptors to their expected locations.
Through these experiments, we have demonstrated that
ZFPs are convenient and selective adaptors for targeting
specific location within DNA-origami structures. The
diversity of target DNA sequences and the
semi-programmable design of ZFPs offers orthogonal
adaptors, thereby enabling the placement of multiple
engineered proteins at different locations onto
DNA-origami structures. Nature uses multiple proteins
and/or enzymes in close proximity to efficiently carry
out chemical reactions and signal transductions. Such
assemblies of multiple proteins may be realized in vitro
by using DNA-origami structures that have defined
binding sites and various kinds of ZFP adaptor-fused
proteins.

I ~ 15.¢&  Functional protein
= 7 domain

Figure 1. Conjugation of DNA origami and ZFP adaptor fused functional domain as the molecular switchboard.
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3. The sophistication of ribonucleopeptide module
for fluorescent sensor

We have reported a strategy that enables isolation of
fluorescent ribonucleopeptide (RNP) sensors with a
variety of binding and signal-transducing characteristics,
i.e., a high signal-to-noise ratio, various wavelengths
and concentration ranges for the ligand detection. The
strategy would provide ideal fluorescent RNP sensors
for sensing Dbiologically importance. We have
sophisticated  the  methodology from different
perspectives.

3-1. Construction of dopamine sensors by using
fluorescent ribonucleopeptide complexes

A facile strategy of stepwise molding of a RNP
complex affords fluorescent RNP sensors with selective
dopamine recognition. In vitro selection of a
RNA-derived RNP library, a complex of the Rev peptide
and its binding site Rev Responsive Element (RRE)
RNA appended with random nucleotides in variable
lengths, afforded RNP receptors specific for dopamine.
The modular structure of the RNP receptor enables
conversion of dopamine-binding RNP receptors to
fluorescent  dopamine  sensors.  Application  of
conditional selection schemes, such as the variation of
salt  concentrations and  application of a
counter-selection step by using a competitor ligand
resulted in isolation of RNP receptors with defined
dopamine-binding characteristics. The results indicate
that the selection condition controls the ligand-binding
mechanism of RNP receptors.

3-2. Facile conversion of RNA aptamers to modular
fluorescent sensors

A GTP aptamer was converted to a modular
fluorescent GTP sensor by conjugation of RRE RNA
formation

and  successive  complex with a

a)
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fluorophore-modified Rev peptide. Structural changes
associated with substrate binding in the RNA aptamer
were successfully transduced into changes in
fluorescence intensity because of the modular structure
of ribonucleopeptides. A simple modular strategy
involving conjugation of a fluorophore-modified
ribonucleopeptide to the stem region of an RNA aptamer
deduced from secondary structural information helps
produce fluorescent sensors, which allow tuning of
excitation and detection wavelengths through the
replacement of the fluorophore at the N-terminal of the
Rev peptide.

3-3. A ribonucleopeptide module for effective
conversion of an RNA aptamer to a fluorescent
sensor

We demonstrated a short RNA motif that induces an
efficient communication between the structural changes
associated with the ligand-binding event of RNA
aptamer and an optical response of a fluorescent RNP
module. An optimized short RNA motif was used as a
communication module for the rational design of
modular RNP sensors. A modular combination of a
GTP-binding RNA aptamer, the short RNA motif and
the fluorophore-labeled RNP module afforded a
fluorescent GTP sensor that retain the ligand-binding
affinity of the parent aptamer.

These researches were partly supported by a
Grant-in-aid for Scientific Research from Ministry of
Education, Science, Sports and Culture, Japan (No.
20241051) and by CREST, JST to T.M.
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Figure 2 The sophistication of RNP module for fluorescent sensor a) Construction of dopamine sensors. b) Facile
conversion of RNA aptamers to modular fluorescent sensors. c) A ribonucleopeptide module for effective conversion of

an RNA aptamer to a fluorescent sensor.
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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 develop 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 2011.

2. Development of the method to analyze components
of wood biomass by solution NMR —Analysis of all
components of whole wood in an intact state at
atomic resolution-

We have developed a new way of sample preparation
of wood biomass for the analysis by a solution NMR
method. This new preparation brings much sharper
NMR signals and much better signal to noise ratio. As a
result, it is possible to analyze all components of whole
wood biomass in an intact state (no artificial chemical
modification) at atomic resolution (Figure 1). We have
also developed the method to accurately quantify the
components of wood biomass with NMR. We have ap-
plied the developed method to monitor the
bio-degradation of wood biomass by fungi. Selective
degradation of either cellulose or lignin depending on a
kind of fungi used was successfully detected. Thus, our
NMR method has a wide range of application to identify
various components of wood biomass and to monitor
their conversion.

3. Construction of a kinetic model to explain the lo-
cation-dependent deamination frequency of DNA by
anti-HIV protein, APOBEC3G
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Figure 1 'H-"*C HSQC spectrum of wood biomass.
Identification of cellulose and lignin substructures is il-
lustrated.

We developed the way to monitor deamination of a
cytidine by anti-HIV protein, APOBEC3G (A3G), in
real-time using NMR signals. Then, we have found that
a cytidine located closer to the 5’ end of single-stranded
DNA (ssDNA) is deaminated more frequently than that
located less close to the 5’ end. Here, we have con-
structed a kinetic model that can successfully explain
the location-dependent deamination. In this model, A3G
slides on ssDNA to either 5’ or 3’ direction with the
equal speed, but a catalytic rate of the deamination is
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larger when A3G approaches to a substrate cytidine in 3’
to 5° directionality than that in 5’ to 3’ directionality
(Figure 2). This difference in the catalytic rate is ration-
alized from the inspection of the three-dimensional
structure of A3G. In this model, the cytidine located
closer to the 5 end has more chance to meet A3G ap-
proaching in the 3’ to 5’ directionality, which would re-
sult in higher frequency of the deamination for that cyti-
dine. Thus, the experimental result can be successfully
explained by this kinetic model. This behavior of A3G is
supposed to be utilized to effectively deaminate and de-
stroy the minus strand DNA of HIV.

Figure 2 The kinetic model constructed to explain the
location-dependent deamination frequency along DNA
by anti-HIV protein, A3G.

4. Elucidation of the way how RNA aptamer traps
prion protein

We have identified how RNA aptamer binds to and
traps a full-length prion protein that causes prion dis-
eases such as mad cow disease. RNA aptamer forms a
dimeric architecture and each monomer simultaneously
binds to the two sites located in the N-terminal flexible
region of the prion protein, respectively (Figure 3).
Electrostatic and stacking interactions contribute to the
binding at each site.

Figure 3 The way how dimeric RNA aptamer traps
full-length prion protein.

The tight binding (trapping) inhibits the conversion of
prion protein into an abnormal form related to diseases,
which would result in repression of prion diseases.
Cell-based assay to confirm this idea is in progress.

5. Development of intelligent enzymes that switch
their activity in response to K"

The structure of r(GGAGGAGGAGGA) (R12)
changes from a single-stranded form to a compact
quadruplex one in response to K'. In a hammerhead ri-
bozyme, two portions of the catalytic core are linked
with the stem and are located closely to exert the activity.
Here, this stem was replaced by R12 (or R11 that lacks
the terminal A residue) with some linker residues (Fig-
ure 4). One of the newly constructed ribozymes exhib-
ited enhanced activity in response to K'. It is suggested
that the quadruplex formation restored the active cata-
lytic core. Other ribozymes exhibited repressed activity
in response to K. It is suggested that the quadruplex
prevents the formation of the active core. Thus, we have
succeeded in developing intelligent ribozymes that
switch their activity either positively or negatively in
response to K'. This switching capability may have
therapeutic applications because the intra- and extracel-
lular K*concentrations are very different.
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Figure 4 Architecture of intelligent ribozymes that
switch their activity in response to K.

6. Development of Highly Efficient Bioethanol Pro-
duction Yeast Using Protein Engineering

In this fiscal year, the more efficient xylose fermen-
tation and the decrease of xylitol excretion was observed
by introducing the strictly NADPH dependent XR with
the strictly NADP™ dependent XDH. These effects are
probably due to the full recycling of coenzymes between
the mutated XR and XDH.

These researches were supported by grants to M. K.
from MEXT (21370047, 22121517 and 23657072),
JST-SENTAN, JST-CREST, the Iwatani Foundation and
the Sumitomo Denko Foundation, those to T. K. from
NEDO, the Iwatani Foundation and MEXT (23603003),
and that to T. N. from MEXT (23570146).
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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
investigations on the hydrophobic and hydrophilic
hydrations, anomalous behavior of confined liquids,
folding/unfolding  mechanisms  of  proteins,
receptor-ligand binding, prediction of the native
structure of a protein, and mechanism of the
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 wvelocity 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) Potential of mean force between a large
solute and a biomolecular complex: A model
analysis on protein flux through chaperonin
system [1]

Insertion of a large solute into an even larger
vessel comprising biopolymers followed by release
of the same solute from it is one of the important

functions sustaining life. As a typical example, an
unfolded protein is inserted into a chaperonin from
bulk aqueous solution, a cochaperonin acting as a lid
is attached to the chaperonin rim and the protein
folds into its native structure within the closed cavity,
the cochaperonin is detached after the folding is
finished, and the folded protein is released back to
the bulk solution. On the basis of the experimental
observations manifesting that the basic aspects of the
protein flux through the chaperonin system is
independent of the chaperonin, cochaperonin, and
protein species, we adopt a simple model system
with which we can cover the whole cycle of the
protein flux. We calculate the spatial distribution of
the solvent-mediated potential of mean force (PMF)
between a spherical solute and a cylindrical vessel or
vessel/lid complex. The calculation is performed
using the three-dimensional integral equation theory,
and the PMF is decomposed into energetic and
entropic components. We argue that an unfolded
protein with a larger excluded volume (EV) and
weak hydrophobicity is entropically inserted into the
chaperonin cavity and constrained within a small
space almost in its center. The switch from insertion
to release is achieved by decreasing the EV and
turning the protein surface hydrophilic in the folding
process. For this release, in which the energetic
component is requisite, the feature that the
chaperonin inner surface in the absence of the
cochaperonin is not hydrophilic plays essential roles.
On the other hand, the inner surface of the
chaperonin/cochaperonin complex is hydrophilic,
and the protein is energetically repelled from it: The
protein remains constrained within the small space
mentioned above without contacting the inner surface
for correct folding. The structural and inner-surface
properties of the chaperonin or complex are
controlled by the ATP binding to the chaperonin,
hydrolysis of ATP into ADP and Pi, and dissociation
of ADP and Pi. The function of the chaperonin
system is exhibited by synchronizing the chemical
cycle of ATP hydrolysis with hydration properties of
a protein in the water confined on the scale of a
nanometer which are substantially different from
those in the bulk water.

(A-2) Crucial importance of water-entropy effect
for predicting hot spots in protein-protein
complexes [2]

“Hot spots” are residues accounting for the
majority of the protein-protein binding free energy
(BFE) despite that they comprise only a small
fraction of the protein-protein interface. A hot spot

-107 -



can be found experimentally by measuring the BFE
change upon mutating it to alanine: The mutation
gives rise to a significantly large increase in the BFE.
Theoretical prediction of hot spots is an enthusiastic
subject in biophysics and bioinformatics. For the
development of a reliable prediction method, it is
essential to understand the physical origin of hot
spots. To this end, we calculate the water-entropy
gains upon the binding both for a wild-type complex
and for its mutant complex using a hybrid method of
the angle-dependent integral equation theory applied
to a molecular model for water and the morphometric
approach. We note that this type of calculation has
never been employed in the previously reported
methods. The BFE change due to alanine mutation is
evaluated only from the change in the water-entropy
gain with no parameters fitted to the experimental
data. It is shown that the overall performance of
predicting hot spots in our method is higher than that
in Robetta, a standard free-energy-based method
using fitting parameters, when the most widely used
criterion for defining an actual hot spot is adopted.
This result strongly suggests that the water-entropy
effect we calculate is the key factor governing basic
physics of hot spots.

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

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=0.1-0.2 m, 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.
By changing resonance layer position, the CX flux
was measured, and then fast-ion energy spectrum and
ion heating efficiency were investigated. 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 and electron
temperatures at the center of the ECH plasma are
about 0.2 and 0.8 keV, respectively. The minority
ratio is about 10%. Frequency of ICRF is 19 MHz or
23.2 MHz.

The wide range observation (about 25% in the
poloidal cross section of a plasma) of fast ions is
performed by changing the line of sight of the
CX-NPA in two directions for three bumpinesses.
The bumpinesses (Bgs/Boy, where By is the bumpy
component and By, is the averaged magnetic field

strength) are chosen to be 0.15 (high) and 0.06
(medium) at the normalized radius of 0.67 in this
study. For the quantitative comparison of the fast ion
tail, the effective temperature of fast minority ions is
evaluated from the energy spectrum in the range of 1
keV to 7 keV. In this energy range, protons can
follow a banana orbit although the collision effect is
not negligible. The better performance of the high
bumpiness is confirmed in this vertical angle scan of
the CX-NPA at horizontal angles from -2° to 12°.
The tail temperature is largest in the high bumpiness
case and the difference of the energy spectra in the
vertical scan within 0.4 in the normalized minor
radius is very small for the on-axis heating condition
for all configurations. In addition to that, the scan
experiment is performed for the difference position
of the minority proton resonance layer in the medium
bumpiness. The large change in the vertical scan is
found for the inner-side heating in the medium
bumpiness at = 0° and 4°, whereas there is little
change at 6°. Here, ¢ is horizontal angle of the
CX-NPA. In the upper part of the plasma, more fast
ions are observed. There is no such profile change in
the on-axis condition for three bumpinesses.

The area of the CX-NPA measurement is limited
due to the observation port size. For the
comprehension of the fast ion confinement and bulk
heating, however, the fast ion information in all area
of the plasma volume is required. For this purpose, a
Monte-Carlo simulation has been developed [3].
Using this code, the toroidal angle distributions of
fast minority ions for one toroidal period (90°) are
calculated for the cases of the experiment. The
horizontal angle of 0° is near the corner section and
the angle of 6° is toward the straight section for the
top view of Heliotron J plasma. From the result, it is
found that the fast ions in the high bumpiness are
largest at every angle. It is also found that the
number of fast ions is larger in the corner section for
the high-field side heating case than in the on-axis
case and the fast ions in the on-axis heating cases are
almost uniformly distributed in toroidal direction.
The volume averaged number of fast ions is larger in
the high-field side heating case. It is possible that this
causes the higher bulk heating efficiency. The
increase of the fast ions in the experiment is found
near ¢=0° where the generation of more fast ions is
observed in the calculation.
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3-2. JOINT USAGE/RESEARCH
PROGRAM
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It is an urgent task to get solutions against the
energy and environmental problem for the
sustainable development of human beings. The new
energy system should be an environmentally
friendly or ecological one. Here, we should
consider not only the energy sources but also the
efficiency in the 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
present technology is not enough. Interdisciplinary
study with innovative ideas is necessary to realize
an 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.
In FY 2011, we launched “Joint Usage/Research
Program on Zero-Emission Energy”, which is the
program authorized by the MEXT. Here, we aim
(1) to promote interdisciplinary collaboration
researches for Zero-Emission Energy Science &
Technology, (2) to promote education & practical
training for young researchers and (3) to explore
new horizon of Advanced Energy System for
sustainable development. IAE provides many
unique & attractive facilities for the Joint
Usage/Research in advanced plasma and quantum
energy field (DuET (Dual-Beam Facility for Energy
Science and Technology), MUSTER (Multi-scale
testing and research facility), Advanced Plasma
Energy Experiment Devices, Advanced Energy
Conversion Experiment, etc.) and also in photonics
and energy nano-science  research  field
(ultra-high-resolution NMRs, Functional Analytical
Systems for the Generation of Catalytic Materials,
Research Facilities for Energy Nanoscience,
KU-FEL(Free Electron Laser), CEP-stabilized
high-intensity ultra-short pulse laser, etc.).

Many researchers have participated in this
program. Joint Usage/Research collaborations of
total 72 subjects on Zero-Emission Energy were
performed in FY2011 with more than 420
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Joint Usage/Research Program

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

participants  including  graduate/undergraduate
students from all-Japan Universities and Institutions.
The results of these collaborations are reported in
“IAE  Joint  Usage/Research  Program  on
Zero-Emission Energy 2011.” If you have interest
to this collection, please contact to ZE Research
Office (kyodo-office@iae.kyoto-u.ac.jp). In
addition to the Joint Usage/Research collaborations,
we organized "2nd International Symposium of
Advanced Energy Science ~ Zero-emission Energy
— Present and Future —” on September 27-28,
2011 at Uji Campus, Kyoto University. About 160
scientists and students including four foreign and
four domestic invited speakers were participated in
the symposium. This kind of international
symposium will be held routinely every year. Since
international activities toward Zero-Emission
Energy Research are indispensable for the
realization of sustainable society, we also started
“Zero-Emission Energy Network” on the occasion
of the symposium to share the knowledge of
Advanced Energy and Zero-Emission Energy with
researchers in energy science and technology field.
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Lists of ZE Joint Usage/Research

Subjects in FY2011
(Subject, Principal Researcher, IAE Key Person)

Photo-Energy Conversion System Using DNA As
Charge Transporting Materials,

K. Yamana (University of Hyogo), T. Morii
Tungsten material behavior under
irradiation environment,

Y. Ueda (Osaka University), A. Kimura

complex

Development  of  environment-friendly  low
energy-loss carbon surfaces nanostructured with
femtosecond laser pulses,

N. Yasumaru (Fukui National College of
Technology), K. Miyazaki
Development of an efficient molecular ion

measurement system using intense ultra-short laser
pulses,
H. Niikura (Waseda University), K. Miyazaki

Evaluation of  Nano-particle Dispersion
Strengthening Mechanism in Tungsten Alloy,
A. Hasegawa (Tohoku University), A. Kimura

Synthesis of Nano Bubble Dispersion Strengthened
(N-BDS) Alloy and Study of Its Radiation Effect,
S. Ukai (Hokkaido University), A. Kimura

High-Fluence Irradiation Behavior of Reduced
Activation Fusion Reactor Materials,

H. Tanigawa (Japan Atomic Energy Agency), T.
Hinoki

Structural analysis of lignin by ultra-high sensitivity

NMR for biorefinery,

T. Watanabe (RISH, Kyoto University),

M. Katahira

He effects on mechanical properties of

ion-irradiated RAFM steel,
H. Abe (Tohoku University), A. Kimura

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

S. Masamune (Kyoto Institute of Technology),

T. Mizuuchi

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

H. Kurishita (Tohoku University), A. Kimura

Investigation of laser fabrication process for
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high-performance spherical light scatterers and
their application for solar cells,
Y. Ishikawa (Kagawa University), T. Sakka

Development of multi-pulse laser for energy
enhancement of KU-FEL,

R. Kuroda (National Institute of Advanced
Industrial Science and Technology), H. Ohgaki

Enzymatic conversion of carbon dioxide to
methanol using biopolymer gel matrix,

N. Tanaka (Kyoto Institute of Technology),

T. Morii

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 (Kansai University), T. Konishi

Study on Gas Fueling and Pumping Systems for
D-T Burning in Discharge Fusion Neutron Source,
M. Ohnishi (Kansai University), K. Masuda

Synthesis of photocatalytic film and processing of
biological tissue using infrared free electron laser,
Y. Hayakawa (Nihon University), H. Ohgaki

Research on enzymatic hydrolysis of plant biomass,
S. Sawayama, (Graduate School of Agriculture,
Kyoto University), T. Kodaki

Structural ~ determination  of  self-organizing
glycoconjugates of bacterial origin aiming to
heighten the added value of biomass,

M. Takeda (Yokohama National University), M.
Katahira

Studies on DNA Nanowire Transistor,
K. Yamana (University of Hyogo), T. Morii

Highly efficient photochemical reactions induced
by optimal laser pulses,
Y. Ohtsuki (Tohoku University), T.Nakajima

Development of tools for observing mechanical and
chemical energy produced from thermal
fluctuations by deaminase,

T. Nagata (Yokohama City University), M. Katahira

Fabrication of functional organic thin-films and
evaluation of their PL and PV properties,
H. Thara (Kumamoto University), T. Sagawa

Development of small molecular organic thin-film
solar cells,

M. Hiramoto (Institute for Molecular Science),

T. Sagawa



High power harmonic beam line to characterize
useful materials for zero-emission,
T. Sekikawa (Hokkaido University), T. Nakajima

Zero-emission energy system-challenge design and
development of low-carbon boron tracemolecules,
H. Hori (University of Tokushima), E. Nakata

A fluorescent peptide probe for imaging of energy
metabolism in cells,
S. Sato (iCeMS, Kyoto University), T. Morii

Collisional transport in toroidal geometry,
M. Kikuchi (Japan Atomic Energy Agency),
K. Nagasaki

Unraveling the electronic properties of carbon
nanotubes using microscopic spectroscopy,
Y. Miyata, (Nagoya University), K. Matsuda

Fundamental study and applications of electrical
properties of graphene nanostructures using optical
spectroscopy,

J. Haruyama (Aoyama Gakuin University),

K. Matsuda

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

Mechanism of Porous Semiconductors by
Electrochemical Reactions: The Role of Solvent on
Pore Formation,

E. Tsuji (Hokkaido University), K. Fukami

A study of interaction between mobile dislocation
and irradiation defects in vanadium alloys,
K. Fukumoto (University of Fukui), A. Kimura

Flow analysis from a nozzle for SMBI,
N. Nishino (Hiroshima University), T. Mizuuchi

Generation of high-intensity fs vacuum ultraviolet
pulses by using harmonic radiation,
M. Kaku (University of Miyazaki), K. Miyazaki

Phase relaxation mechanism of excitons in doped
carbon nanotubes,
S. Konabe (University of Tsukuba), K. Matsuda

First-principle simulation studies on radiation
defects and hydrogen behaviors in advanced
blanket materials,

D. Kato (National Institute for Fusion Science),

K. Morishita

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

Y. Yoshimura (National
Science), K. Nagasaki

Institute for Fusion

Study on the efficient hydrogenation reaction of
fragment ions produced by laser ablation of
molecular solids,

T. Kobayashi (RIKEN), T. Nakajima

Study of micro turbulence in plasma for a zero
mission energy source,

K. Tanaka (National Institute for Fusion Science),
T. Minami

Development of visualization method of three
dimensional high temperature plasmas,

S. Ohdachi (National Institute for Fusion Science),
S. Yamamoto

Development of Electrochemically Polymerized
Polythiophene Film toward High-Performance
Organic Thin-Film Solar Cells,

T. Akiyama (University of Shiga Prefecture), H.
Sakaguchi

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

Heavy irradiation experiment of stainless steels
under fusion condition,
S. Ohnuki (Hokkaido University), A. Kimura

Boundary plasma diagnostics and rf heating for a
helical-axis heliotron device,

K. Uehara (Japan Aerospace Exploration Agency),
T. Mizuuchi

Interaction between defects and deuterium in
tungsten,

K. Sato (Kyoto University Research Reactor
Institute), A. Kimura

Evaluation of Fatigue Crack Initiation Behavior in
Plasma Facing Material for Fusion Reactor,
S. Nogami (Tohoku University), A. Kimura

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

T. Yamamoto (University of California Santa
Barbara), A.Kimura

Radiation induced hardening of pressure vessels
steels due to ion irradiation,
H. Watanabe (Kyushu University), A. Kimura



Microstructure  evolution  of  ion-irradiated
oxide/nitride ceramics Role of electronic
excitation and selective displacement damage ~,

K. Yasuda (Kyushu University), A. Kimura

Development of processes for aliphatic aldehydes
and aromatic ketones by means of mid-IR pulse
LASER irradiation,

K. Fugami (Gunma University), T. Sakka

Assembly of micro-actuator and analysis of its
motion mode by laser beam,
T. Yamauchi (Niigata University), K. Fukami

Research for the evaluation method of small
specimen test technology for fracture toughness,

E. Wakai (Japan Atomic Energy Agency),

A. Kimura

Evaluation on Corrosion Properties of Friction Stir
Welded RAF steels,

D. Hamaguchi (Japan Atomic Energy Agency),

A. Kimura

Evaluation on  Fusion Relevant-Irradiation
Properties of ODS steels for the DEMO blanket,

H. Sakasegawa (Japan Atomic Energy Agency),
A. Kimura

Modeling  of  radiation of
microstructural evolution in Fe,

Q. Xu (Kyoto University Research Reactor
Institute), K. Morishita

dependence

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

Y. Kaneta (University of Tokyo), K. Morishita

Nano-Structural Analysis of Pyrolytic Carbon
Interphase in Advanced SiC/SiC Composites After
Heavy Ion Bombardment at High Temperature with
and without Helium Effects,

K. Ozawa (Japan Atomic Energy Agency),

T. Hinoki

Development  of  single-electron  irradiation
technique for microscopic track structure study,
Y. Uozumi (Kyushu University), H. Ohgaki

Development of Radiation Detection Method
Emitted from IEC Device,

T. Misawa (Kyoto University Research Reactor
Institute), K. Masuda

Improvement of low temperature ductility of high
chromium low activation vanadium alloys,
T. Nagasaka (National Institute for Fusion Science),
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A. Kimura

Experimental study of plasma energy transport
caused from turbulence fluctuation,

S. Ohshima (Kyoto University Pioneering Research
Unit for Next Generation), S. Yamamoto

Study of the effect of crystallographic orientation
on the thermal and electric conductivities in SiC,

T. Suzuki (National Institute for Materials Science),
T. Hinoki

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

R. Itakura (Japan Atomic Energy Agency),

T. Nakajima

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

Study on characterization of SiC/SiC composite
materials by beam induced luminescence
measurement,

T. Tanaka (National Institute for Fusion Science),

T. Hinoki

Microstructural Evolution of Low Activation
Ferrite Steels by Ion Irradiation,

H. Kinoshita (Fukushima National College of
Technology), A.Kimura

Two-dimensional imaging of fluctuations by fast
cameras using a sheet-shaped supersonic molecular
beam,

M. Takeuchi (Japan Atomic Energy Agency),

T. Mizuuchi

Safety assessment of nuclear power plants and
future energy education,

H. Twakiri (University of the Ryukyu),

K. Morishita

Irradiation hardening of FSWed Alloy,
T. Shibayama (Hokkaido University), T. Hinoki

Study of neutral transport in high-temperature
plasmas,

Y. Nakashima (University of Tsukuba),

S. Kobayashi

Design of functional protein nano-fiber and its
application to the cell culture plate,

N. Tanaka (Kyoto Institute of Technology),

T. Morii






3-3. COLLABORATION WORKS IN
THE LABORATORY FOR
COMPLEX ENERGY PROCESSES
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Collaboration Works in
The Laboratory for Complex Energy Processes

1. Introduction

The laboratory was established in 1996
simultaneously with the institute as an attached facility
for research on advanced processes of energy production,
conversion and application. On the other hand, resource
and energy problems as well as global warming
problems become very serious in recent years. We must
concentrate all our knowledge and wisdom to find
solutions to these problems. From such a viewpoint, the
laboratory has been recognized again since FY2006 so
that the research targets of the laboratory should be
focused on two specific fields, (i) "advanced 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 collaborations.

In order to perform the research objectives of the
Institute of Advanced Energy, it is essentially necessary
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 specific projects to carry out
their subjects. The scientists of other faculties in Kyoto
University can also participate the cooperative project to
enhance the progress of research and educational
activities. The laboratory also manages various
functions such as symposium and seminar for related
topics on energy field. The cooperative research
activities will be published in a publication edited in the
laboratory at the end of the year.

Al Section of Promotion for International
Collaborative 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
domestic/international ~ organizations are supported
towards realization of advanced energy system as
practical applications with contributions to human
society. This section also promotes personal exchange,
cooperative research activities and multi-lateral
collaborative research with industries. Establishment of
infrastructure and human resource development are
supported for execution of collaborative R&D activities
on advanced 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 systems,
integrating plasma energy science and advanced energy
material research. In particular, based on the results
obtained in our related group, we aim at extending 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
IAE.

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 Materials,
SEMs, SPM, Solar Simulator, TW fs laser, MIR-FEL,
and so on.

B Cooperative use of facilities and equipments

Facilities and equipment of the laboratory are
provided to researches cooperated for the scientists in
the university.

2. The cooperative research project consists of (a) a
specific program for “Promotion of a priority project”
and (b) a standard program.

A specific program was not planned in this year.

Summary of the standard cooperative research
subjects carried out in the year of 2009.

A public collection of cooperative research
application was carried out, in this year, for a program
which consits 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
research means a program to promote the cooperative
research through a seminar or symposium.

As a result, the research themes of 32 were applied
and applications of 32 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* 2% 2% 0 5*/(4Excluding
field-overlapped
applications)
*1 outside 0 0 0 0 0
Syorei inside 3 11 9 0 23
*2 outside 2 0 0 0 2
Kikaku inside 1 1 0 0 2
-chosa outside 0 0 0 0 0
*3

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

The individual research subjects are as follows, *1, *2 and *3 mean the “Kiban”, “Syorei” and “Kikaku-chosa’

cooperative research theme, respectively,

The individual research subjects are as follows.

Al,

“International  Collaborative  Research  on

Advanced Energy Materials Science and

Technology”

(1) M.J. Fluss. L.L. Hsiung

(2) M.A. Pouchon

(3) J. Kwon

(4) T. Yamamoto, Y. Wu, GR. Odette

(5) C.Zhang

(6) A.Moeslang

(7) E. Meslin

(8) A. Kimura, K. Yabuuchi, R. Kasada, T. Hinoki,
S. Kondo

(1) Laurence Livermore National Laboratory,
Livermore, California 94550 USA

)

()

“4)

()

(6)

(7)

)

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

(1) K. Nagasaki, K. Masuda, S. Ohshima
(2) Institute of Advanced Energy, Kyoto University

Paul Scherrer Instiute, CH-5232 Villigen PSL,
Switzerland

Korea Atomic Energy Research Institute ,Daejon
Korea

Dept. of Mechanical Engineering, University of
California Santa Barbara

Institute of Modern Physics, Chinese Academy of
Science Landu, China

Karlsruhe Institute of Technology, Karlsruhe,
Germany
CEA/DEN/SACLAY/DMN/SRMP91191GIF-SUR
-YVETTE CEDEX, France

Institute of Advanced Energy, Kyoto University

A2, A3

“Basic  Studies on
Nano-Science Research”
(1) H. Ohgaki, Section of Promotion for Photon and

Photon and Energy

Energy Nano-Science research
(1) Institute of Advanced Energy, Kyoto University

“The mechanism of trapping of protein by RNA

aptamer and its application to the integration of

proteins”

(1) M. Katahira, T. Morii, T. Kotaki, E. Nakata,E.
Okamura,

(2) A.Furukawa

(1) Institute of Advanced Energy, Kyoto University

(2) Japan Society  for the Promotion of
Science

Al

“Workshop on the Workshop on the research and

development of nuclear fuels ”

(1) K. Morishita

(2) S. Ohnuki

(3) Y. Watanabe

(4) S. Ishino

(5) Y. Kaneda

(6) D.Kato

(7) Y. Yamamoto, Y. [zumi

(8) X. Qui, T. Yoshiie

(9) H. Iwakiri

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Engineering, Hokkaido
University

(3) Japan Atomic Energy Agency

(4) University of Tokyo

(5) School of Engineering, The University of Tokyo

(6) National Institute for Fusion Science

(7) Graduate School of Engineering, Kyushu
University

(8) Kyoto University Research Reactor Institute

(9) Faculty of Education, University of the Ryukyu

“Modeling of the oxidation of unclear fuel clad
and hydrogen production”
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(1) K. Morishita

(2) Y. Yamamoto, Y. [zumi

(3) Y. Kaneta

(4) S. Ishino

(5) Y. Watanabe

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto
University

(3) School of Engineering, The University of Tokyo

(4)  University of Tokyo

(5) Japan Atomic Energy Agency

“Prototype of SMBI System for Edge Plasma
Diagnostics”
(1) T. Mizuuchi, S. Kobayashi
(2) N. Nishino
(3) Y. Nakashima
(4) M. Takeuchi
(1) Institute of Advanced Energy, Kyoto University
(2) Graduate School of Engineering, Hiroshima
University
(3) Plasma Research Center, University of Tsukuba
(4) Japan Atomic Energy Agency

“Numerical Simulation of DC/Pulsed Magnetron

Discharge”

(1) K. Masuda

(2) M. Bilek, J. Kipritidis

(3) T.Kajiwara, Y. Yamazaki

(1) Institute of Advanced Energy, Kyoto University

(2) The School of Physics, the University of Sydney

(3) Graduate School of Energy Science, Kyoto
University

“Misorientation Dependence of Energies of Small

Angle Boundaries in Si”

(1) K. Ishihara

(2) A. Ohtsuki

(1) Graduate School of Energy Science, Kyoto
University

(2) Institute of Advanced Energy, Kyoto University

“Energy Transmission via Amplitude and
Frequency Modulations on a Carrying wave at
GHz band in Gas and Solid Plasma”

(1) M. Sato

(2) T. Mizuuchi

(3) T. Mitani, K. Kashimura

(1) National Institute for Fusion Science

(2) Institute of Advanced Energy, Kyoto University

(3) Research Institute for Sustainable

Humanosphere, Kyoto University

A2

“Control of Rotational Transform by Using

Electron Cyclotron Current”

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

(2) S. Ohshima

(3) Y. Nakamura

(4) Y. Yoshimura, G. Motojima

(5) N. Marushchenko

(6) A. Cappa, T. Estrada

(1) Institute of Advanced Energy, Kyoto University

(2) Kyoto University Pioneering Research Unit for
Next Generation, Kyoto University

(3) Graduate School of Energy Science, Kyoto
University

(4) National Institute for Fusion Science

(5) Max Plank Institute, Germany

(6) CIEMAT, Spain

“Control of TF/Helical Combined Ripple by the

Placement of Ferritic Steel Plates”

(1) A. Kimura, K. Nagasaki, K. Yabuuchi, O.
Hashitomi, T, Ohmura

(1) Institute of Advanced Energy, Kyoto University

“Observation of Stereoscopic Image for Plasma

Turbulence”

(1) T. Mizuuchi

(2) Z.Linge, S. Mengyu

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto
University

“The Mechanism of Mu Effects based on the

Annihilation Behavior of Frankel Pairs Among

Cascade Damage Structures”

(1) A. Kimura, K. Yabuuchi, O. Hashitomi, T,
Ohmura, R. Kasada

(1) Institute of Advanced Energy, Kyoto University

“Assessment of Corrosion Resistance of AL-added

ODS Steels in Pb-Liquid Metal Alloy”

(1) A. Kimura, K. Yabuuchi, O. Hashitomi, T,
Ohmura,

(2) S. Takaya, M. Inoue

(3) G Miiller, A. Heinzel

(4) T.Okuda

(1) Institute of Advanced Energy, Kyoto University

(2) Japan Atomic Energy Agency

(3) Kalsruhe Institute of Technology,
Hermann-von-Helmholtz-Platz 1, Germany

(4) Kobelco Research Institute. Inc.

“Spatial Structure of Cavities in First-Wall

Materials for Fusion Reactor”

(1) R.Kasada, A. Kimura

(2) Y. Himei, K. Yabuuchi, H. Noto,

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto
University

“Computational Study of Turbulent Heat Transfer
for Heating Water in a Short Vertical Tube (Part 1
Effect of Viscous Sub-layer on Flow Velocity)”

(1) K. Hata
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(2) N.Kai, Y. Shirai

(3) T.Masuzaki

(4) M. Hamura

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto
University

(3) National Institute for Fusion Science

(4) Concentration Heat and Momentum Ltd

“Porous Silicon carbide for Super-low Fraction”
(1) T.Hinoki, Y. Lee

(2) K. Adachi, K. Kanda, Y. Noguchi

(1) Institute of Advanced Energy, Kyoto University
(2) Faculty of Engineering, Tohoku University

“Development of High Resolution Plasma Profile
Measuring System for Advanced Plasma
Energy”

(1) T. Minami, S. Kobayashi, T. Mizuuchi, K.

Nagasaki, H. Okada, S. Yamamoto, K. Hanatani,
S. Konoshima, F. Sano

(2) S. Ohshima

(3) M. Takeuchi

(1) Institute of Advanced Energy, Kyoto University

(2) Kyoto University Pioneering Research Unit for

Next Generation, Kyoto University

(3) Japan Atomic Energy Agency

“Enlargement of operational region of high

temperature plasmas using plasma initiation

method by neutral beam injection”

(1) S. Kobayashi, T. Minami, T. Mizuuchi, K.
Nagasaki, H. Okada, S. Yamamoto, K. Hanatani,
S. Konoshima, F. Sano K. Tohshi, K. Sakamoto

(2) Y. Nakamura, H.Y. Lee, K. Mukai, T. Kagawa
T. Minami

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

(4) T. Ohishi

(5) Y. Nakashima

(6) S. Murakami

(7) S. Kado,

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto
University

(3) National Institute for Fusion Science

(4) Faculty of Engineering, Nagoya University

(5) Plasma Research Center, University of Tsukuba

(6) Graduate School of Engineering, Kyoto
University

(7) School of Engineering, The University of Tokyo

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

(1) H. Okada, S. Kobayashi, S. Yamamoto, T.
Minami, T. Mizuuchi, K. Nagasaki, F. Sano, K.
Hanatani

(2) Y. Nakashima

(3) T. Mutoh

(4) Y. Nakashima

(5) N. Nishino

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto
University

(3) National Institute for Fusion Science

(4) Plasma Research Center, University of Tsukuba

(5) Graduate School of Engineering, Hiroshima
University

“Studies of energetic ion loss caused by MHD
instabilities using Faraday type lost ion probe in
Heliotron J plasmas”

(1) S. Yamamoto, H. Okada, F. Sano, T. Minami, K.
Hanatani, T. Mizuuchi, S. Kobayashi, S.
Konoshima, Y. Nakamura

(2) M. Isobe, K. Nagaoka, C. Wei

(3) S. Ohshima

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Energy Science, Kyoto
University

(3) National Institute for Fusion Science

(4) Kyoto University Pioneering Research Unit for
Next Generation, Kyoto University

A3

“Development of the enzyme that switches its
activity either OFF—>ON or ON—>OFF in
response to K*concentration”

(1) M. Katahira, T. Morii, E. Nakata, M. Saimura
(2) A. Furukawa

(1) Institute of Advanced Energy, Kyoto University
(2) Japan Society for the Promotion of Science

“Developing the diagnosis technique for the

KUFEL pulses”

(1) T.Nakajima, Y. Qin, T. Kii, T. Sakka, H. Ohgaki

(2) T.Sekigawa

(1) Institute of Advanced Energy, Kyoto University

(2) Graduate School of Engineering, Hokkaido
University

“Observation of ultrafast dynamics on solid
surfaces in femtosecond laser ablation”

(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 Univ.

“Structural analysis of XMRYV protease in
complex with an inhibitor”
(1) H. Okamura, M. Saimura, E. Nakata, T. Morii,
M. Katahira
(2) A. Furukawa
(1) Institute of Advanced Energy, Kyoto University
(3) Japan Society for the Promotion of Science

“Development of a highly efficient bioethanol
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production
engineering”
(1) T.Kodaki, M. Katahira
(2) S.Sawayama
(1) Institute of Advanced Energy, Kyoto University
(2) Graduate School of Agriculture, Kyoto
University

yeast by protein and genetic

“Metal electrodeposition in nanoporous electrodes
by controlling the hydration properties”

(1) K. Fukami, M.Kinoshita, T. Sakka, Y. Ogata

(2) Y. Suzuki,

(1) Institute of Advanced Energy, Kyoto University

(2) Uyemura Co.Ltd

“Feasibility Study on Controllng
Superconductivity of REBCO by electron
irradiation”

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

T. Sonobe,
(1) Institute of Advanced Energy, Kyoto University

“Formation of particle layers at liquid-liquid
interfaces and the interparticle interactions”

(1) T. Sakka, D. Ozawa, K. Tuchiya, T. Nakajima,

K. Fukami, Y. Ogata

(2) G Oye

(3) Y. Suzuki

(1) Institute of Advanced Energy, Kyoto University

(2) Uyemura & Co.,Ltd.

“Development of Non-Destructive Electron Bunch
Length Monitor forKU-FEL”
(1) H. Zen, Yong-Woon. Choi, H. Ohgaki.
K. Masuda. T. Kii
(1) 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 2009, three regular meetings and the
annual meeting for the cooperative research
results were held with following theme.

I.

)

()

M

2

3

“

(&)

The regular meeting

The First Meeting, July 29, 2011

R. Kasada, “Perspectives of advanced
energy science and technology after
FUKUSHIMA 20117, Institute of Advanced
Energy, Kyoto University

The Second Meeting, January 14, 2011

Senior Research Scientist Neculai Plugaru
“Materials Modeling From First Principles
Electronic Structure”, National Institute of
Materials Physics

The Annual Meeting for the Cooperative
Research Results, April 6, 2012

T. Nakajima “Basic Studies on Photon and
Energy Nano-Science Research”, Institute of
Advanced Energy, Kyoto University

T. Sakka. K. Miyazaki, “Formation of
particle layers at liquid-liquid interfaces

and the interparticle interactions”,
Institute  of Advanced Energy, Kyoto
University

K. Nagasaki, “Development of Advanced
Plasma and Quantum Energy Studies” ,

Institute  of Advanced Energy, Kyoto
University
T. Minami “Development of High

Resolution Plasma Profile Measuring
System for Advanced Plasma Energy”,
Institute  of Advanced Energy, Kyoto
University

K. Masuda “Numerical Simulation of
DC/Pulsed Magnetron Discharge”,
Institute  of Advanced Energy, Kyoto

(6)

(7

®)
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University

A. Kimura, “International Collaborative
Research on Advanced Energy Materials
Science and Technology”, Institute of
Advanced Energy, Kyoto University

T. Hinoki, “Porous Silicon carbide for
Super-low Fraction”, Institute of Advanced
Energy, Kyoto University

M. Katahira, “The mechanism of trapping
of protein by RNA aptamer and its
application to the integration of proteins”,

Institute  of Advanced Energy, Kyoto
University
Interaction  between  dislocation  and

precipitate in a BBC metal using the in-situ
TEM observation method






3-4. PROJECTS WITH OTHER
UNIVERSITIES AND
ORGANIZATIONS
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Asian CORE (Center Of Research and Education) program, 2008-2012

The Asian CORE (Center Of Research and Edu-
cation) program for the “Advanced Energy Science”
between Japan, Korea and China was granted by the
JSPS (Japan Society for the Promotion of Science) of
5 year collaboration was completed its fourth year. In
this program, Japan and core institutes in Asian na-
tions are expected to establish the network of re-
search and education by the extensive collaboration
of mutually equal contribution, in the advanced and
important fields of energy science. The Institute of
Advanced Energy is assigned as a hub institute in
Japan to represent universities and research institutes,
with Prof. Yukio Ogata as the representative and Prof.
Satoshi Konishi as the Program Coordinator. Coun-
terparts are Prof. Hangyu Joo in Seoul National Uni-
versity in Korea and Prof. Kan Wang in Tsinghua
University in China.

Advanced energy science and technology are of
common interests in these countries where industrial
application of energy is extensive. This program
supports the exchanges of scientists and students in
the field of advanced energy research, for collabora-
tion, workshops and other research activities. This
program is operated by equal contribution basis, and
it requires “matching fund” from counterpart coun-
tries, and Korea and China have different types of
funding to send and accept approximately same level
of exchanges. Because the sources in Korea and
China are not from the similar programs in these
countries, steering Committee Meetings are not held
in this fiscal year and operation are controlled by
electronic communications.

Subtasks on five technical areas were agreed for

J—K K—J J—C C—d
SCM 0/0 0/0 0/0 0/0
Task-1 16/68 0/0 0/0 5/15
Task-2 0/0 4/22 3/29 3/45
Task-3 4/8 0/0 2/8 0/0
Task-4 35/137 0/0 3/17 1/9
Task-5 10/40 0/0 2/15 0/0
Seminar 0/0 0/0 24/93 0/0
subtotal | 65/253 4/22 34/162 9/69
Total 112/506

Fig.1 Conducted exchanges in 2011 under the
Asian CORE program.(man/man-day)

the collaboration as follows.

Task 1 Advanced Nuclear Energy Systems: liquid
metal technology, high temperature nuclear energy
conversion, neutronics, and fusion technology.

Task 2 Fusion Plasma Science: plasma physics,
simulation and theory, heating and current drive, di-
agnostics and plasma wall interaction.

Task 3 Bioenergy: Synthesis of biofuel from bi-
omass materials and energy production systems.

Task 4 Advanced Energy Materials: nuclear ma-
terials for high temperature use, ODS and ceramics,
irradiation, and microscopy.

Task 5 Application of Quantum Radiation: elec-
tron beam, accelerator technology, free electron laser,
tera hertz wave and its application.

In the fiscal year 2011, we have conducted the
exchanges in these areas as summarized in the fig.1.
Because of the large number of carry overs from the
March 2011 due to the disaster in Japan, and follow-
ing cancellation of visits from Korea and China, ma-
jor changes on the planned exchanges were needed.
Significant number of the exchanges were postponed
from 2010 plan to this fiscal year under the approval
by JSPS. Despite of the difficulties, the outstanding
exchanges were completed and furthermore activities
than previously planned were finally conducted by
the efforts of the three parties.

In this year the Winter school was held in Beijing
in January 2012 with the contributions from R-1, R-2,
and R-4. Figure 2 shows the group photo of the
participants at this seminar. In the next fiscal year,
this program will be completed.

Fig.2 Asian CORE seminar held in Beijing in
Jan., 2012.
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Global COE Program “Energy Science in the Age of Global Warming

— Toward CO2 Zero-emission Energy System-"

Securing energy and conservation of the envi-
ronment are the most important issues for the sus-
tainable development of human beings. Until now,
people have relied heavily on fossil fuels for their
energy requirements and have released large amounts
of Greenhouse gases such as carbon dioxide (abbre-
viated to CO2 below). CO2 has been regarded as the
main factor in climate change in recent years. It is
becoming a pressing issue in the world how to con-
trol over the CO2 release. The energy problem can-
not be simply labeled as a technological one, as it is
also deeply involved with social and economic ele-
ments. It is necessary to establish the “ Low carbon
energy science”  in the interdisciplinary field adding
the social science and the human science to the natu-
ral science.

From FY2008, four departments of Kyoto Uni-
versity, Graduate School of Energy Science, Institute
of Advanced Energy, Department of Nuclear Engi-
neering, Research Reactor Institute have joined to-
gether, and also with the participation from Institute
of Economic Research have been engaging in "En-
ergy Science in the Age of Global Warming - To-
ward a CO2 Zero-emission Energy System " for a
Global COE Program of the Ministry of Education,
Culture, Sports, Science and Technology under the
full faculty support taking advantage of characteris-
tics of the university. This program aims to establish
an international education and research platform to
foster educators, researchers, and policy makers who
can develop technologies and propose policies for
establishing a scenario toward a CO2 zero-emission
society no longer dependent on fossil fuels, by the
year 2100.

In the course of implementing the Global COE,
we placed the GCOE Unit for Energy Science Edu-
cation at the center, and we proceed from the Sce-
nario Planning Group, the Advanced Research Clus-
ter to the Evaluation, forming mutual associations as
we progress. The Scenario Planning Group sets out a
CO2 zero emission technology roadmap and estab-
lishes a CO2 zero emission scenario. They will also
conduct analysis from the society values and human
behavior aspect. The Advanced Research Cluster, as
an education platform based on research, promotes
the socio-economic study of energy, study of new
technologies for solar energy and biomass energy,
and research for advanced nuclear energy by follow-
ing the road map established by the Scenario Plan-
ning Group. Evaluation is conducted by exchanging
ideas among advisors inside and outside of the uni-
versity and from abroad, to gather feedback on the

scenario, education, and research.
For education, which is the central activity of the
Global COE, we establish “the GCOE Unit for En-

ergy Science Education” and select students from
the doctoral course, and foster these human resources.
The students plan and conduct interdisciplinary
group research containing both the social and the
human science and the natural science toward CO2
zero emission at the initiative of the students them-
selves. The students will acquire the faculty to survey
the whole “energy system” through participation in
scenario planning and interaction with researchers
from other fields, and apply it to their own research.
This approach is expected to become a major feature
of human resources cultivation. We will strive to
foster young researchers not only who will be able to
employ their skills and knowledge with a wide inter-
national perspective as well as expertise in their field
of study in order to respond to the needs of the soci-
ety in terms of the variety of energy and environ-
mental problems, but who will also lead people to a
21st century full of vitality and creativity, working
towards harmony between the environment and man-
kind.

In FY2011, we carried on full-scale operations at
the education programs of the students, and also
promoted the study at both the Scenario Planning
Group and the Advanced Research Cluster earnestly.
In order to report the developments and to discuss the
future activities widely, we held the 3™ International
Symposium of the Global COE titled “Zero-Carbon
Energy 2011” in August, 2011 in cooperation with
Ajou University, Korea, and the annual symposium
of the Global COE on January, 2012. We also made a
strong effort to the international exchange promotion
activities such as co-hosting SEE (Sustainable En-
ergy and Environment) forums held in Malaysia on
September, 2011 as well as in Thailand on February,
2012, 3™ Nuclear Energy Seminar in Thailand in
March, 2012 and other related seminars and sympo-
siums, as well as a AUN-KU International Energy
Seminar.
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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) fluctuation
measurement by BES and so on. The results of sev-
eral subjects are described below.

Dependence of fast ion confinement on the mag-
netic field configuration using ion cyclotron range
of frequency (ICRF) heating [1]: Fast-ion confine-
ment is one of most important topics for helical de-
vices since the alpha particle heating efficiency in a
fusion reactor depends on the loss cone structure for
fast ions in velocity space. The toroidal ripple
(bumpiness) of the magnetic field strength is one of
key parameters for enhancing confinement in the He-
liotron J configuration. The wide range observation
(about 25% in the poloidal cross section of plasma)
of fast ions is performed by changing the line of sight
of the CX-NPA in two directions for three bumpi-
nesses. For the quantitative comparison of the fast
ion tail, the effective temperature of fast minority
ions is evaluated from the energy spectrum in the
range of 1 keV to 7 keV. In this energy range and
density (0.4x10" m™), protons can follow a banana
orbit although the collision effect is not negligible.
The better performance of the high bumpiness is

confirmed in this vertical angle scan of the CX-NPA
at the horizontal angles from -2° to 12°.

Evaluation of particle diffusion by the density
modulation experiment [2]: Using AM reflectome-
ter functioned for X-mode, the ECH plasma density
profile is measured. It is flat or hollowed profile. The
injected wave frequency is from 33 GHz to 56 GHz
with the scan frequency in the profile measurement
of 1 kHz. The particle diffusion coefficient defined
by the equation below is evaluated using density
modulation technique.

oOn,

ot
Here, 7, S, D, V are particle flux, particle source,
diffusion coefficient and convection velocity, respec-
tively. The coefficient for the ECH plasmas with
the line averaged density of (0.6 or 0.9)x 10" m
is (5.2 or 2.3) m%s at the normalized minor radius
within 0.6. . Convection velocity is 59 or 2.3 m/s for
each case.

=_V.'+S r'=-DVn,+n,V

Fluctuation measurement using beam emission
spectroscopy (BES): A BES system has been de-
veloped for the density fluctuation measurement. The
spatial resolution in normalized minor radius is 0.06
and detectable area is from 0.07 to 0.94 using 16 fi-
ber channels. The detector is APD with interference
filter. The DC signal is larger in the plasma core than
that in the edge region. S/N has been improved by 20
times compared with the prototype system tested in
FY2010. From this improvement, the density fluc-
tuation profiled has been detected.

References

[1] H. Okada, et al., “Numerical Analysis of ICRF
Minority Heating in Heliotron J”, Plasma Fusion Res.
6 (2011) 2402063.

[2] K. Mukai, et al., “Electron Density Profile Be-
havior during SMBI Measured with AM Reflecto-
meter in Heliotron J Plasma”, Plasma Fusion Res, 6
(2011), 1402111.

[3] T. Mizuuchi, et al., “Comparison between super-
sonic molecular-beam injection and convensional
gas-puffing for plasma performance in Heliotron J”, J.
Nucl. Mater. 415 (2011) 5443.

[4] K. Nagasaki, et al., “Influence of trapped elec-
trons on ECCD in Heliotron J”, Nucl. Fusion 51
(2011) 103035,,.

- 134 -



Application of DuUET and MUSTER for Industrial Research and Engineer-
ing (ADMIRE Project)

1. Introduction

The Application of DuET and MUSTER for In-
dustrial Research and Engineering (ADMIRE) Pro-
ject at the Institute of Advanced Energy (IAE), Kyoto
University is one of the MEXT-supported programs
"Open Advanced Facilities to Industry" to provide
private companies with utilization of experimental
facilities and expertise of IAE, Kyoto University.
Scientists and engineers of private industries are
welcomed to use advanced facilities, such as the
DuET and the MUSTER in the IAE. Technical guid-
ance to operate experimental equipments as well as
consulting on the experimental results is also offered
to the users. Experimental equipment in the MUS-
TER Facilities, such as high-performance TEM,
SEM, FIB, EPMA, Auger, and the DuET Facility i.e.
dual beam ion accelerator system are included in the
list covered by the ADMIRE Project free of charge
up to 2 years in the “Trial use mode”.

2. Project details

The ADMIRE Project was launched in 2006
funded by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT) of JAPAN. The
DuET and MUSTER are two of the representing fa-
cilities in the IAE, Kyoto University dedicated for the
research of energy science and technology, with the
special emphasis on fusion and fission reactor mate-
rials R&Ds. The ADMIRE Project aims to provide
the wide range of the public with the research re-
sources of IAE. Thus, research topics to be accepted
by the ADMIRE Project are NOT restricted to fission
or fusion reactor materials, nor energy science and
technology. We welcome many proposals from a va-
riety 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), c¢) 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 a fixed term, i.e.
six months for the MUSTER facilities or twelve
months for the DuET facilities. The term may be re-
peated once if requested and approved. This enables
a MUSTER user to use the facility up to one year,
and a DuET user up to two years, if approved by the
Subject Selecting Committee. The only obligation of
the user is to submit a relatively simple report at the
end of the term. If the user requests to postpone the
immediate dissemination 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
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 equipments.

- Reduction of expenditure for equipments.

- Rapid exploration of new idea.

- Use of very expensive equipments.

Access to excellent faculties and research resources

at IAE.

Figure 1: Dual-Beam Facility for Energy Science and Technology
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Poster presentation award for GCOE group re-
search “Applicability of Electric Vehicle Usage
with Less Nuclear Power Plants in Japan ~ Is EV
OK or not? ~” in the 3rd International Sympo-
sium Kyoto University Global COE Program.

Advanced Atomic Energy Research Section
Yasunori Nakai (as 1% author) (D3),
Saerom Kwon (as 2" author) (D1)

Low-CO2-emission technologies, such as nuclear
power plant and electric vehicle (EV) have been widely
known as a way to cope with the global warming issue.
Nuclear energy, which had contributed to about 30% of to-
tal electricity production in Japan before the Fukushima in-
cident, had been expected to play an important role in the
achievement of a low carbon society. Though a majority of
the population is now against nuclear energy due to the
Fukushima nuclear power plant incident in March 2011, it
should be properly acknowledged that CO2 emission from
electricity generation would increase without the nuclear
power plants. On the other hand, electricity consumption in
Japan will likely to escalate when EV market is expanded
as planned. Presently, EV is one of the environmen-
tally-friendly technologies that is most popular, though the
electricity for EVs might not be as “clean” as before. There
are numerous dilemmas to consider in order balancing the
risks and the benefits of advanced technologies. The risks,
from the light to the serious one will arise as higher cost,
instability of energy supply, usage of rare metals, and un-
expected accidents are encountered. Big wind turbine, for
example, may destroy the diversity of ecosystem around its
feet.

Another example is crop production for biofuels that
might demolish rainforests and/or sacrifice foods crops for
local inhabitants. Even old technologies for the mining of
fossil fuels have often put their workers to death. Our
choice of energy sources must not be taken without the
awareness of hidden risks, must not be made with
close-mindedness, and must not be formed by temporal
mood partly created by mass media. In making this critical
judgment, objective and quantitative analyses are required
for scientists and engineers to support the decision. In this
research, CO2 emission from the use of EVs was
re-estimated in the cases when the contribution of nuclear
power plants to the total electricity supply in Japan de-
creases by various degrees down to zero. It is revealed that
when all electricity in Japan produced by natural gas
(somewhat optimistic case), CO2 emission by EV could be
comparable to that of the latest gasoline vehicles. It should
also be noted that the production process of EV with rare
metals might be more com-plicated and emit more CO2
than that of gasoline vehicle.

Student Awards

Excellent presentation award for “Neu-
tronics calculation on the beam optics
from cylindrical discharge type fusion
device” in the International Symposium
on Advanced Energy Systems and Mate-
rials, sponsored by Asian-Core University
Program on Advanced Energy Science

Advanced Atomic Energy Research Section
Naoya Matsui (M1)

Neutron beam can be used for various applica-
tions in the field of engineering and biology such as
nondestructive inspection of metal, medical applica-
tions and radiography.

We developed cylindrical discharge type fusion
device that can provide 14MeV high energy and iso-
tropic neutrons by D-T fusion reactions on the sur-
face of the cylindrical electrode. Single direction
beam is obtained by sur-rounding reflector, modera-
tor and shield absorber. Energy spectrum is also
changed to meet the requirements for various appli-
cation.

This study has a purpose to evaluate beam optics
such as beam neutron flux distribution, energy spec-
trum. MCNP5 was used for neutronics calculation.
To reveal the effect of reflector (tungsten) and mod-
erator’s material (polyethylene and heavy water) and
shape are important.

As a result, Reflector can yield high intensity
beam. W generates more than 90% of fast neutron
over 1MeV in the fast/total ratio. Moderators have an
effect on to produce thermal neutron beam cleanly.
D20 generates more than 15% of thermal neutron
under 0.1eV in the thermal/total ratio.

This study showed that generation of single direc-
tion beam with desirable neutron energy is possible
by using reflector and moderator with cylindrical dis-
charge fusion neutron source.
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Student Presentation Award in 13"
US-Japan Workshop on Inertial Electro-
static Confinement Fusion.

Advanced Particle Beam Energy Research Section
Yu Yamagaki (M2)

The 13th US-Japan Workshop on Inertial Electro-
static Confinement (IEC) Fusion was held in Sydney,
Australia on December 7 and 8, 2011. Since the 1st
US-Japan IEC exchange held at Los Alamos National
Laboratory, United States in 1998, annual workshops
have been held in US and Japan. The 13th workshop
was held for the first time outside US and Japan.
More than 30 including 14 students participated from
US, Australia and Japan. In this workshop, Yu Ya-
mazaki, M2 student of Advanced Particle Beam En-
ergy Research Section, presented his work on ex-
perimental results from a newly developed IEC fu-
sion device employing a 5-stage high-voltage (HV)
feedthrough, and received the student presentation
award.

An IEC fusion device consists of a spherical an-
ode at ground potential, and a spherical transparent
cathode at the center with a large negative bias of
~100 kV. Deuterium ions are accelerated toward the
center as they gain energy from the applied electric
fields. The use of a highly transparent cathode mini-
mizes ion loss to the cathode grid and allows recir-
culation of energetic ions. Spherical focusing of ions
is thus expected to result in a high ion density inside
the gridded cathode. He found numerically, however,
that the envisaged recirculation of ions in an IEC de-
vices employing a conventional single-stage HV
feedthrough is not very significant (only 2-3 oscilla-
tory motions on average before reaching the HV
feedthrough rod), because the HV feedthrough for
the central cathode induces asymmetry of the poten-
tial inside the anode. Furthermore, for a higher volt-
age operation of IEC aiming at an improved fusion
rate, the bore size of the HV feedthrough port needs
to be larger in order to avoid arcing. This geometry
modification would make the field symmetry worse.

He designed and constructed an IEC device em-
ploying the 5-stage HV feedthrough, in order to ap-
ply a high bias voltage and to improve the spherical
symmetry of the electric field distribution. Numerical
simulations show that the averaged recirculation
number of deuterium ions is improved by a factor of
~3. He then conducted HV conditioning and suc-
cessfully achieved a high bias voltage of -180 kV,
which is much higher than the maximum limit of -80
kV by use of the original single-stage feedthrough.
This revealed the fusion rate dependence on the ap-
plied voltage. It is found that the fusion rate is in
proportion to the applied voltage to the power of
2.4+0.3 in the range of -80 kV to -130 kV.

Student Awards

Encouragement award of Atomic Energy
Society of Japan in 2011

Advanced Energy Storage Research Section
Kiyohiro Yabuuchi (D3)

The Atomic Energy Society of Japan (AESJ) en-

ergetically pursues human welfare and sustainable
development while conserving global and local en-
vironments through the atomic energy research, de-
velopment, utilization, and education, under the prin-
ciple of information disclosure with maintaining a
harmonious relationship with society and securing
nuclear safety.
This award was offered for the comprehensive study
on irradiation hardening behavior and microstructural
evolution in Fe-Mn alloys. We have studied on the
irradiation hardening behavior and microstructure
evolution in Fe-based binary alloys. We found a sig-
nificant irradiation hardening of Fe-Mn binary alloys.
Microstructure observation by transmission electron
microscope (TEM) revealed that the significant irra-
diation hardening was due to formation of dislocation
loops in high density. Moreover, in-situ TEM obser-
vation revealed one of the mechanisms of the forma-
tion of high density dislocation loops in irradiated
Fe-Mn alloys; 1D motion of dislocation loops in
Fe-Mn alloys was suppressed. This study contributed
to understanding the mechanism of irradiation em-
brittlement of RPV steels.
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Excellent student award of Kansai
branch of Atomic Energy Society of Ja-
pan in 2011

Advanced Energy Storage Research Section
Kiyohiro Yabuuchi (D3)

The Atomic Energy Society of Japan (AESJ) en-
ergetically pursues human welfare and sustainable
development while conserving global and local en-
vironments through the atomic energy research, de-
velopment, utilization, and education, under the prin-
ciple of information disclosure with maintaining a
harmonious relationship with society and securing
nuclear safety.

In the previous study, we found and reported a sig-
nificant irradiation hardening of Fe-Mn alloys irradi-
ated with neutron. In Fe-Mn alloys irradiated with
Fe’* ion, a similar remarkable irradiation hardening
was also observed. Moreover, irradiation hardening
behavior was investigated at various irradiation con-
ditions, such as, dose, Mn-content and irradiation
temperature. Microstructure observation by transmis-
sion electron microscope (TEM) revealed that the
significant irradiation hardening was due to disloca-
tion loops in high density

Student Awards

“Poster Award” of the Japan Institute of
Metals in 2011(Fall meeting)

Advanced Energy Storage Research Section
Kiyohiro Yabuuchi (D3)

The Japan Institute of Metals, JIM, was founded
as a non-profit public organization on February 14,
1937 with the primary objective of promotion and
development of science and technology of metals and
materials. JIM holds 3-day Annual Meetings twice a
year, in spring and in fall, with presentations of over
2500 papers in total annually.

In the 2011 fall meeting, he presented a poster on
the annealing behavior of dislocation loops in Fe-Mn
alloys irradiated with Fe*" ion. In the previous studies,
we reported a significant irradiation hardening of
Fe-Mn alloys. However, the mechanisms had not
been cleared. In this study, it was revealed that the
suppression of 1D motion of dislocation loops by
solid solution Mn atoms suppressed the motion of
small interstitials loops and provided nucleation sites
for dislocation loops which caused the significant ir-
radiation hardening.
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Poster presentation award in the Interna-
tional Symposium on Renewable Energy
and Materials Tailoring

Chemical Reaction Complex Processes Research Section
Daichi Kozawa (M2)

The International Symposium on Renewable En-
ergy and Materials Tailoring (REMT) was held in
Yosihda Campus, Kyoto University. The topics of the
symposium are materials tailoring and its application
to renewable energy processes. The symposium is
international and participants are from various coun-
tries including USA, UK, France, Germany, Norway,
Korea, etc. More than 90 papers are presented in the
symposium.

In the REMT symposium, I gave a poster presen-
tation entitled “Interaction between particles at a ver-
tical oil-water interface”. In this presentation, I pro-
posed a newly developed method to estimate the in-
terparticle interaction potential between the particles
trapped at an oil-water interface. The method is based
on the application of gravitational field in the
in-plane direction to the particles transferred to a ver-
tical oil-water interface. The particles in the lower
part of the vertical interface are rather dense com-
pared with the upper part due to the compression by
the gravitational effect. The method provides a con-
venient method to measure the interparticle interac-
tions between the particles at oil-water interfaces.

Due to the development of the new method to
measure the interparticle interactions, I was awarded
a poster presentation award in the symposium. Since
the particle ordering is generally governed by the in-
terparticle interactions, our research is important not
only from the point of view of the basic research, but
also for the design of the structures formed by parti-
cle monolayers at an oil-water interface.

Student Awards

Poster presentation award in TACT 2011
International Thin Films Conference.

Coatings for sustainable energy
Molecular Assemblies Design Research Section
Jae-hyeong Lee (D1)

TACT2011 aims to provide an open forum to
discuss the current state of scientific and technologi-
cal achievements in the coatings and thin films of
industrial importance. This conference is an event of
knowledge exchange and interactive platform for re-
searchers and engineers from industry, research la-
boratories and academic institutes. More than 500 at-
tendees are expected. The scope includes a variety of
coatings and thin films technologies for sustainable
energy, nano devices and optoelectronic applications.
Invited speeches, oral reports and posters will be ar-
ranged in a three-day long program at Howard Beach
Resort Kenting in Pingtung, Taiwan.

In a spray coating process, characteristic per-
formance of organic solar cells (OSCs) has been lim-
ited by some drawbacks such as isolated droplets,
non-uniform surface and pinholes. We demonstrated
a simple process to overcome these inherent factors.
We obtained more efficient OSCs with improved in-
terconnection among droplets and reduced amount of
pinholes by additionally spraying o-dichlorobenzene
(DCB) solvent after the conventional spray coating of
the poly(3-hexyl thiphene):[6,6]-phenyl-C61- butyric
acid methyl ester (P3HT:PCBM) active layer solution.
Moreover, the additionally sprayed solvent caused
changes in the matrix of the active layer such that the
thermal annealing effect is maximized. As a conse-
quence, an improvement of the power conversion ef-
ficiency to 3.06% was achieved, which is more than
twice of that of a conventionally sprayed device.
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Fig. J-V curve of OSCs of glass-ITO/ PE-
DOT:PSS/P3HT-PCBM/solvent spray coating with
or without annealing/TiO,/Al (100 mW/cm® AM
1.5G) fabricated by the spray coating.

a4 05 oo o7

—141 -



IPCE

Poster presentation award in 2011 Annual
Meeting of GCOE.

Molecular Assemblies Design Research Section
Jae-hyeong Lee (D1)

The Global COE will provide new approach for
the education and research on energy science as an
international COE of Energy Science under the Age
of Global Warming. The objective is to perform the
research toward the realization of zero CO2 emission
system in a scientific/technological as well as pol-
icy-making manner through the coherent research
and development of renewable energy, and the timely
assessment of research progress based on what is
actually needed from the public. Annual meetings
have been held every year mainly at Obaku plaza in
Uji campus.

My presentation referred to optimization of cells
resulted from improved interconnection among
droplets and reduction of pin-holes by additionally
spraying pure o-dichlorobenzene solvent. The opti-
mal thickness of the active layer, which achieved
maximal efficiency, was found to be around 220 nm
with highly efficient light harvesting and charge
transfer due to the minimization of internal pinholes.
Particularly, the short circuit current and fill factor
does not decrease severely with the increment of the
thickness of the active layer (even 737 nm thick),
though the spin coated device drops gradually with
increasing the thickness.
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Fig. TIPCE of OSCs of glass-ITO/PEDOT:PSS/
P3HT-PCBM/solvent spray coating /LiF/Al (100
mW/cm?, AM 1.5G).

Student Awards

Best presentation award in the 3th inter-
national symposium Kyoto University
Global COE program (specially jointed
with BK21 Program, Ajou University).

Molecular Assemblies Design Research Section
Pipat Ruankham (D1)

The 3th international symposium of Kyoto Uni-
versity Global Center of Excellence (GCOE) was
held and jointed with BK21 program of Ajou Uni-
versity, Korea. The aim is to bring together research-
ers and students of GCOE program involved in ze-
ro-carbon energy research.

In the symposium, I presented a poster of my
work on the surface modification of ZnO nanorods
with organic dye molecules for hybrid poly-
mer-inorganic solar cells. In the beginning part, the
morphology of ZnO nanorods, device preparation
and properties of dye molecules were discussed.
Then, the improvement of photovoltaic performance
through surface modification with dye molecules was
presented.
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Presentation award in Ajou-KIT-Kyoto
University joint international symposium
“Energy Science in the Age of Global
Warming”.

Molecular Assemblies Design Research Section
Pipat Ruankham (D1)

The international symposium was organized by
Kyoto University Global COE program jointed with
Ajou University, Korea, and Karlsruher Institut fiir
Technology (KIT), German. The aim is to discuss on
the topic of energy science in the age of global
warming.

On behalf of my group researchers, I presented
the works doing in my laboratory, concerning mate-
rials design and device structures for photovoltaic
system and hydrogen production. I started with the
introduction of one dimensional metal oxide nanos-
tructures applying for dye sensitized solar cells, hy-
brid solar cells and hydrogen production. Also, the
large-scale preparation of organic solar cell was pre-
sented. The unique functionality of each material was
shown and discussed.

SrTiO; nanofibers an nanorods

Poly(3-hexthylthiophene) Fullerene derivative
(PCBM)
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Institute of Advanced Energy, Kyoto University
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