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FOREWORD

The second period of the midterm action plan (2010-2015) has started. In
this second period, the ability of the research institute is more strictly tested
since a full-scale action for national university reform will be started. Under
the circumstances, we have to further strengthen our capabilities for research
and education on the basis of the accomplishment of our academic activities,
and need 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 sci-

ence and technology fields such as plasma systems, bioenergy, lasers and
quantum energy in the first period (2004-2009). The Global COE program “Energy Science in the age of Global
Warming” (2008-2012) is going well. We are also acting as a core institution of international energy researches,
especially in the Asian region. In November 2010, we organized the International Symposium of Advanced En-
ergy Science at the Uji campus. Such symposium is scheduled to be held annually. We applied for the Joint Us-
age/Research Center program (a core research center program of the MEXT) again in 2010, and our proposal of
the core research center program on Zero-Emission Energy was authorized by the MEXT. The program period is
5 years from FY2011 to FY2015. The four-year retrofitting project against earthquake for our main building was
completed this year. Besides, we have recovered usable area since the members of the Graduate School of Ener-
gy Science, who had resided in the Uji main building, moved to the Yoshida campus. We succeeded in getting a
budget from the MEXT in FY2010 to reinforce our free-electron laser research. Now our research environment
has been greatly improved.

Intensifying worldwide concern regarding energy supplies and global warming drives our efforts, and energy
issues demand urgent priority. 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 a good understanding

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

March 2011

Yukio H. OGATA

Director

Institute of Advanced Energy
Kyoto University
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3. RESEARCH ACTIVITIES



3-1. TOPICS

Novel Picture of the Rotation Mechanism of F,-ATPase:
Crucial Importance of the Water-Entropy Effect

Laboratory for Complex Energy Processes Section, M. Kinoshita

T. Yoshidome, Y. Ito, M. Ikeguchi, and M. Kinoshita,
“Rotation Mechanism of F;-ATPase: Crucial
Importance of the Water-Entropy Effect”, Journal of
the American Chemical Society, 130, 4030-4039
(2011).

We propose a novel picture of the rotation
mechanism of F-ATPase, a rotary-motor protein
complex. The entropy, which originates from the
translational displacement of water molecules, is
treated as the key factor in the proposal. We calculate
the water-entropy gains upon formation of the a-f,
o-y, and B-y subunit pairs, respectively. The gain is
given as the difference between the hydration
entropy of a subunit pair and the sum of the
hydration entropies of the separate subunits forming
the pair. The calculation is made using a hybrid of a
statistical-mechanical theory for molecular liquids
and morphometric approach. The hybrid method has
originally been developed at our laboratory. The
water-entropy gain is considered as a measure of
tightness of the packing at each subunit interface.
The results are highly correlated with the numbers of
stable contacts at the subunit interfaces estimated by
a molecular dynamics simulation with all-atom
potentials. We also calculate the hydration entropies
of three different sub-complexes comprising the y
subunit, one of the B subunits, and two o subunits
adjacent to them. We discuss how the rotation of the
v subunit is induced by such chemical processes as
the ATP binding, ATP hydrolysis, and release of the
products.

One of the most probable structures of the o3y
complex, which has experimentally been determined,
is illustrated in the figure. ATP is bound to the
subunit named Prp. ATP is also bound to the
subunit named Bpp, but ATP within Bpp is ready to be
hydrolyzed into ADP+Pi (or ADP and Pi are within
Bpp). Nothing is bound to the B subunit named Bg.
The three o subunits are named op, opp, and o,
respectively, as shown in the figure. The
conformations of the [ subunits are significantly
different from one another: Brp and Ppp are in closed
conformations while Bg takes an open conformation.
We define the following three sub-complexes for the
arrangement shown in the figure, “Sub-complex I: v,
Bg, o, and orp”, “Sub-complex II: vy, Brp, orp, and
opp”’, and “Sub-complex III: vy, Bpp, opp, and og”.
The y subunit performs a 120° step rotation for
hydrolysis of one ATP molecule. As illustrated in the

figure, the structures of the o335y complex before and
after the 120° rotation are the same. The
sub-complexes are named in terms of their positions
in the structure. For example, when the y subunit
rotates by 120°, the arrangement changes as shown in
the figure and sub-complex III now comprises y, Bg,
o, and Cupp.

n
Tightly Pac

1
Loosely Packe

Our finding is that the water entropy is
maximized when the tight packing in the y subunit
with a special orientation, Bpp, 0pp, and o is locally
formed. The overall, impartial packing results in a
smaller water entropy. However, due to the ATP
binding, hydrolysis, and release of ATP and Pi,
respectively, the changes, Bg—>Btp, Prr—Ppp, and
Bpp—PE, take place, and the y subunit rotates by 120°
to recover the tight packing.

We can take the view that it comprises three
sub-complexes which are in different states waiting
for the ATP binding, hydrolysis, and release of ADP
and Pi, respectively. High asymmetry exists for the
packing efficiency in the sub-complexes, which is
crucial in maximizing the water entropy. In particular,
one of the sub-complexes incorporating the y subunit
with a special orientation is tightly packed. Any of
the ATP binding, hydrolysis, and release of ADP and
Pi leads to a decrease in the system free energy but
perturbs the highly asymmetrical packing structure.
The perturbation is followed by reorganization of the
packing structure by the water-entropy effect. The
reorganization accompanies the rotation of the y
subunit. In one cycle the y subunit rotates by 120° to
recover the original, most favorable packing
properties. The rotation is repeatable.
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Advanced Energy Generation Division

Quantum Radiation Energy Research Section

H. Ohgaki, Professor

T. Kii, Associate Professor

(R. Kuroda, Lecturer)

(T. Sonobe, GCOE Assistant Professor)
(F. Yamane, Researcher)

1. Introduction

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

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

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

2. Free-electron Laser

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

2.1 KU-FEL

The KU-FEL is designed to achieve FEL lasing in
MIR (Mid infra-red) regime, from 5 to 25 pm. The tun-
able IR laser will be used for basic researches on energy
materials and systems, such as high-efficiency solar
cells, energy conversion in bio materials. The KU-FEL
consists of a 4.5 cell thermionic RF gun, a 3 m travel-
ling wave accelerator structure, a beam transport system,
and a Halbach type undulator of 1.6 m and an optical
resonator. Fig. 1 shows a schematic drawing of the sys-
tem. Optical beam properties of the FEL and the elec-
tron beam parameter under the power saturation condi-
tion are listed in Table 1 and 2 respectively.

In order to improve wavelength tunability and opti-
cal stability of the KU-FEL, replacement of the undula-
tor and introduction of a photo-cathode RF gun are un-

Accelerator tube

Thermionic rf gun

3.0m

Optical resonator

Fig. 1 Schematic drawing of the KU-FEL

Table 1 Optical parameter of the KU-FEL

Wavelength A 13.2 pm
Bandwidth o,/A 0.8 %
Average power 4.6 md
Peak power * 2.9 MW

*Pulse duration of 650 fs is assumed.

Table 2 Electron beam parameter in the satura-
tion experiment

Energy Ee 24.0 MeV
Energy spread og/E, 0.8%
Bunch length 2 ps (rms)
Macropulse length 5.5 us
Average current 115 mA

2.2 MIR-FEL Application in the Energy Science

It is well known that an infrared region light has a
good resonance with phonon in some solid compound.
In particular, wide-gap semiconducting materials such
as ZnO, TiO2, and SiC show unique electrical and opti-
cal properties through coupling of phonon with elec-
tronic structures, resulting in photochemical phenomena
with microwave irradiation. Therefore, it is considered
that the irradiation of MIR-FEL on such semiconducting
materials possibly give rise to the changes in electronic
structures seen in photoluminescence (PL) at low tem-
perature. This study aims at development of new evalu-



ation technique of electron-phonon interaction in such
wide-gap semiconducting materials by MIR-FEL (Fig.
2).

Filter —
FEL

‘ He-Cd Laser(325 nm, 442 nm)

PE 60 mm Pipe

PL measurement box

Elliptic mirror
pic °! Filled box with Nz

[ H
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He-Cd Laspr

70 cm

40 cm

Fig. 2. chematic diagram of MIR-FEL Pump Photolumines-

cence (PL) Measurement System

3. Bulk HTSC Staggered Array Undulator

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

<— Solenoid

© Bulk
superconductor
z ®

A R R R ES = Magnetization vector

X E E| E E ® ® Screening supercurrent
1t

’ ‘ undulator field

Fig. 3. Conceptual drawing of the bulk HTSC SAU and gen-
eration principle of the periodic undulator field using an in-
duced current.

Solenoid

We have developed the prototype of Bulk HTSC
staggered array undulator and succeeded in generation
and control of a periodic magnetic field. The measured
transverse magnetic field for the Bulk HTSC SAU at 77
K was several mT. The performance estimation at rela-
tively low temperature was also performed. The ex-
pected undulator field at low temperature (about 20 K)
is 0.8 T for the undulator period of 10 mm and the 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). Since
especially in the case of the homeland security applica-
tion, high throughput measurement will be quite impor-
tant, we have proposed a high-flux y-ray facility utiliz-
ing an energy recovery linac (ERL) and a laser Compton
scattering scheme as shown in fig. 4. The required per-
formances of the detector used in the ERL Compton
v NRF facility are high energy resolution, high full en-
ergy efficiency, and high counting rate. We have inves-
tigated performance of a LaBrs(Ce) scintillator for NRF
experiment at several MeV gamma ray energy. Excellent
timing response was confirmed and relative resolution at
the energy regime of greater than 5 MeV was lower than
2 % in FWHM . These properties will be suitable for the
gamma ray detector in the high throughput NRF meas-
urement facility based on ERL and LCS-y.

p— '}
/ ':c‘ ,oE1

r:E2

H 4 > - -
4 Ja Laser # - 8o
V4 ViR

) e iRy - y

3 . 3

= J]-—jw‘./—
SC linac 15mx20m

Fig. 4. Conceptual drawing of the ERL Compton-y NRF
facility
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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 gen-
eration, conversion and utilization systems. The at-
tractiveness of the total energy system considered by
the socio-economic analysis of future society and
markets in the global scale and the scope covering
21% century and beyond are reflected. Typically, we
propose a Zero-emission energy scenario based on
fusion energy for biomass-based recycling system.
The major studies performed in our laboratory this
fiscal year were as follows:
(1) Design of small and realistic biomass-fusion
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.
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Fig. 1 Schematic illustrations of target of Plasma
power balance Q value for biomass-fusion hybrid
GNOME.

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

2. Design of biomass-fusion hybrid Tokamak
GNOME

An energy plant based on Fusion-Biomass hybrid
that takes advantage of both fusion and biomass
energy was designed. Compared to the regular elec-
tricity generation that cannot overcome the thermal
cycle limit of some 33%, this energy “multiplication”
significantly relaxes the requirement of plasma ener-
gy multiplication factor Q, because original Lawson
criteria depends on the conversion efficiency to be
recycled to plasma. Although the hybrid obtains
product energy as fuel, a part of that could be used
for conventional generation with 33% efficiency to
sustain plasma.

The modified Lawson criteria are shown in the
fig.1-1. While pure fusion electricity DEMO plant
is required to achieve Q>20 to yield net plant output
corresponding to 6 times larger than the input energy
at the generation efficiency 33%, net energy produc-
tion of 8 times is possible with Q<5 plasma when
combined with biomass fuel production, this effect
relaxes required Q for energy plant. This “hybrid”
effect is well-known for fission fusion hybrid that
utilizes fission reaction to multiply output energy of
fusion neutron. In the case of biomass-fusion hybrid,
net positive energy output is obtained from the plant
as a form of commercial fuel product. It could be
either liquid fuel that will be immediately applied for
existing oil-based infrastructure, or if desired, hy-
drogen can be produced.

This hybrid concept reduces the technical diffi-
culty of plasma significantly. Unlike in the case of
electricity generation, pulsed, and/or driven burning
plasma may be used because the chemical reaction
does not require steady and stable operation. As-
sumed technical requirements for this plant concept
are realistic ones that are already applied to ITER
with currently available scaling, or with reasonable
extension of the current technology. Because modest
Q is sufficient for biomass-hybrid, tokamak device
could be smaller than ITER, and will not require ex-
tremely large construction cost. Low pressure



blanket system and throughout the power train is
another major safety advantage of this plant concept.
Fig.1-2 shows the comparison of the plasma size of
GNOME with JT-60SA and ITER, and its view.
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Fig. 2 Comparison of GNOME plasma with ITER and
JT-60SA.

3. Design and analysis of DC microgrid

To conform a “best mix” with zero-emission
electricity systems, combination of large scale nuc-
lear and small renewables that are expected to share a
considerable part of the power system is needed.
From the aspect of the reforming of entire power
system, we propose the combination of large scale
grid largely utilizing nuclear, and large number of
“microgrids” powered by renewables such as solar,
wind, fuel cells and battery as a reasonable solution
for the future energy supply. Many of the renewables
except for hydro are controllable, and thus additional
backup supply is needed. In order to replace fire
power with renewables, storage is inevitable. Also,
all the renewables are small in scale, and likely to be
used as dispersed sources. Particularly in the ad-
vanced countries, large systems are not easy to in-
troduce because of the almost saturated market and
slow increase of demand. In the developing coun-
tries, while large plants are desired, premature grids
and frequent power outage are strong reasons to in-
stall small systems.

Both clean sources such as solar, fuel cell and
batteries are DC power, and from the demand side, it
should be noted that most of the household ap-

Fig. 3 Concept of the DC microgrid

pliances are already equipped with inverters, or
DC-based devices such as PC, TV or LEDs, and thus
DC system is considered to be reasonable. Figure 3
shows the concept of the DC microgrid. It is a
combination of large scale conventional grid and
many microgrids composed of solar, fuel cell and
battery that is operated at 400V DC within limited
area of community. Large scale grid is mainly po-
wered by nuclear and hydro respectively for base
load and load following. Figure 4 shows its typical
operation scenario. Batteries with Sodium-Sulfer
cells are charged in night from the large grid and
supply electricity in daytime to complement solar.
For the stability in long term, fuel cells are operated
with external fuel supply, that will eventually be pro-
vided by biomass conversion. Cost analysis showed
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Fig. 4 Operation dayly power profile of the DC
microgrid on a summer day

that such an electricity system will be economically
reasonable in the cost estimation in 2025. Figure 1-5
shows the cost estimate based on the NEDO data of
1200 K yen/kw for solar and 2000K yen/ SOFE at
2025. After the operation of 7 years total cost will
be smaller than the commercial electricity from grid.
Thus zero-emission systems can be reasonably in-
troduced at this cost basis.
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Fig. 5 Cost estimate of the DC microgrid based
on the NEDO prediction.
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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, de-
velopment 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. ECE measurement by using two multi-channel ra-
diometer systems in Heliotron J

Electron cyclotron emission (ECE) diagnostic is an
important scheme for understanding plasma perform-
ance such as electron temperature and high-energy elec-
trons. We have recently installed a new ECE radiometer
system, which is set up at different toroidal angle from
the existing radiometer system. The main target is to
investigate toroidal correlation of electron temperature
fluctuations. In the present study, as a first step, we have
measured the electron temperature profiles to confirm
the validity of the radiometer systems.

Both radiometers are a heterodyne type, consisting
of a local oscillator, a mixer, IF amplifiers, attenuators
and video amplifiers. The power divided into each
channel of [IF frequencies 1is filtered by a
band-pass-filter with 1 GHz band width. The frequency
range is 72-88 GHz for the new radiometer, and 67-81
GHz for the existing radiometer, respectively. To deter-
mine the radial profile, we have performed a relative
calibration test by using a noise source.

Figure 1 shows the electron temperature profile in a
neutral beam injection experiment at By = 1.25 T and n,
= 1.5 x 10" m™. The centrally peaked profile is ob-
tained. However, it should be noted that the Heliotron J
plasmas are optically gray, t~1 for the second harmonic
X-mode, so that the radiation temperature is affected by
the radiation from high energy electrons. A density
scanning experiment confirms a good correlation be-
tween the new and existing ECE profiles.
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Fig. 1. Electron radiation temperature profile meas-
ured with new and existing ECE radiometers.

3. Preionization on Plasma Production in Supercon-
duting tokamaks

In superconducting tokamaks, the toroidal electric
field applied for ionization may be too low to start up
plasmas reliably. To solve this problem, pre-ionization
using Electron Cyclotron Resonance Heating (ECRH)
has been proposed. Successful ECRH pre-ionization has
been experimentally demonstrated in tokamaks such as
JT-60U and DIII-D and KSTAR. Since the electric field
may be limited to 0.5 Vm™ in the JT-60SA supercon-
ducting tokamak, which is now under construction in
JAEA, we need to find out effective plasma production
schemes. The ECRH pre-ionization effects are theoreti-
cally investigated by a 0-dimensional (0-D) model to
examine conditions for reliable startup in JT-60SA and
to understand the physical process.

The 0-D model mainly consists of four equations;
the electron energy density equation, the ion energy
density equation, the particle conservation equation and
the electric circuit equation. Figure 2 shows an example
of temporal evolution of plasma parameters on the
JT-60SA configuration. The absorbed ECRH power is
assumed to be Pgcry = 2.4 MW. The calculation results
show that there is a threshold of the ECRH power, and
the absorbed power of about 2.3 MW may be required
for reliable startup. Extension to 1D model is underway
for more quantitative estimation.
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3. Production of Highly Brilliant Electron Beam for
Free Electron Laser

Electron beams with high brightness, high peak cur-
rent, and long macro-pulse duration are preferred for
free electron lasers. In the Kyoto University Free Elec-
tron Laser (KU-FEL) facility, a 4.5-cell thermionic rf
gun has been studied intensively to meet these require-
ments in a compact and low-cost system. However,
thermionic rf guns in general suffer from the
back-bombardment of electrons onto the thermionic
cathode, that limits the macro-pulse duration and/or
peak current of the electron beams. An innovative
method is needed to mitigate this problem.

For this purpose, we proposed what we call ‘triode rf
gun’. Design of the triode rf gun has been completed for
the proof-of-principle experiments in the KU-FEL sys-
tem. The simulation results predicted a drastic (>80 %)

reduction of the electron back-bombardment. Based on
this design, a prototype of a short-gap rf cavity (Fig. 3)
was fabricated, which is to be installed in the existing rf
gun in the KU-FEL, and low-power rf tests were carried
out. As the results, the prototype demonstrates desired
resonance behavior of TM,;o mode, though modification
of the cavity geometry is needed for the next step.

4. Improved Spherical IEC Fusion Scheme Featur-
ing Multistage High voltage Feedthrough

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-He fusion
reactions from the applied electric fields.

In order to minimize ion loss by charge exchange
collisions with background neutrals that limits the fu-
sion rate per input power in IECs, we have recently de-
veloped a new scheme driven by a built-in ring-shaped
ion source, which extended the accessible low pressure
limit very much down to 5 mPa. This increased the im-
portance of ion beam optics in terms of ion recirculation
(oscillatory motion of ions within the anode, prior to
striking the feedthrough rod, see Fig. 4), because, for
tens keV and 5 mPa, the mean free path for deuterium
ion charge exchange is of the order of 10 m (tens cm for
the moderate-pressure IECs for comparison), which is
much longer than the typical anode diameter.

As shown in Fig. 4, we designed a 5-stage feed-
through with four intermediately biased electrodes. A
numerical simulation suggested improvement in ion re-
circulation current by a factor of 3 due to recovery of
the spherical symmetry in electric field distribution.

Some of the works were performed with the support
and under the auspices of the NIFS Collaborative Re-
search Program (NIFSOS8KOARO10, NIFS10KUHLO030),
the NIFS/NINS project of Formation of International
Network for Scientific Collaborations, Special Coordi-
nation Funds for Promoting Science and Technology
(Grant No. 066), and Grants-in-Aid for Scientific Re-
search, MEXT.
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1. Introduction

In this research section, studies of plasma energy
are performed from a viewpoint of fusion plasma
energy science. The current subjects of the research
are to understand and control the properties of high
temperature plasma trapped in a magnetic field to
improve the plasma energy confinement. The
experimental and theoretical investigations for the
optimization of a unique helical field configuration,
the helical-axis heliotron configuration, are in
progress under the collaboration with other groups of
IAE 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.

This report focuses on two interesting results
from the Heliotron J experiments in FY2010; (1) the
NBI plasma startup assisted by 2.45 GHz microwave
launching and (2) the measurement of edge plasma
by fast cameras and a hybrid probe.

2. NBI plasma startup assisted by 2.45 GHz
microwave launching®

Development of plasma startup method without
relying on ECH is important in helical devices, since
it has a capability to enrage the operational magnetic
field range and the variety of the magnetic field
configuration. Here, we report experimental results
on startup of NBI plasmas by assistance of 2.45 GHz
5 kW microwaves in Heliotron J. We experimentally
demonstrate that the plasma build-up quickly after
the NBI turn-on, and the operational magnetic field is
extended to B=0.63 T.

Figure 1 shows a typical time evolution of plasma
quantities in the NBI plasma startup discharge. In this
case, the magnetic field strength was set to be 0.83 T,
and NBI was injected at the port through power of
1 MW (27 kV, H) in total. The microwaves were
launched 0.3 s before turning-on of neutral beams.
Neither fundamental nor higher harmonic EC
resonance for 2.45 GHz microwaves exists in the
vacuum chamber during the microwave launching.
High electron cyclotron emission (ECE) intensity
signal was observed before the injection of the

This work was supported by Grants-in-Aid for Young
Scientists (A) (20686061).

neutral beams (t=150ms), even the line-averaged
electron density 7, was in the order of 10'’m™. This
phenomenon implies thin but hot electrons (seed
plasmas) are produced by the 2.45 GHz microwaves.
n, increased just after the start of the neutral beam
injection, and low density plasmas (7, ~ 0.2x10"
m™) appeared 10 ms after the beam injection. At the
same time, the intensity of the oxygen line emission
(OV) increased, which shows a large number of
electrons whose energy exceeds the ionization
potential (113 eV) were produced in the early phase
of the beam injection. After that, an additional gas
puff increased 7, to over 1x10"m™

#36671 |B|=0.83T with 2.45GHz
(a) NBI "PUff

'2.45GHz
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Fig. 1. Typical time evolution of plasma
quantities in the NBI plasma startup discharge.
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Fig. 2. Comparison of ECE intensity in the case
of the successful and unsuccessful density
build-up discharges.
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Successful NBI plasma production depends on
the magnetic field strength. Figure 2 shows plots of
the ECE intensities at 75.5 GHz before and after
beam injection as a function of the magnetic field
strength. A distinct ECE intensity threshold is found
to build up the density in the range of 0.63 T < B <
0.8 T. We have not obtained successful density build
up by NBI at magnetic field strengths below 0.6 T up
to now. An ECE intensity threshold was not observed
for 0.8 T < B < 1.0 T. These results suggest that the
production and confinement of the initial plasmas
depend on the magnetic field strength. The
degradation of the percentage of the successful
density build up may be due to a relatively
low-power microwaves (< 5 kW). Since the toroidal
electric field decreased with decreasing the magnetic
field strength, the influence of the plasma breakdown
by the toroidal electric field should also be
considered to clarify the mechanism of the generation
of the initial plasma by the 2.45 GHz microwaves.
We are installing and testing a high power (20 kW)
magnetron for reliable and robust plasma startup.

3. Measurement of edge plasma by fast cameras
and a hybrid probe

It is important to understand the physics of
turbulent transport in the plasma confinement. Since
filamentary fluctuations, blobs and zonal flows have
been observed experimentally in edge region, the
experimental understandings of the 3-dimensional
structure and the characteristics in these fluctuations
are required. In HeliotronJ, we are trying the
3-dimensional measurements of the fluctuations in
edge plasma by using a fast camera set and a hybrid
probe system.

Plasma emission images observed from two
directions (horizontal and vertical) at a torus section
were simultaneously captured into a single frame of a
camera with a two-way image fiber bundle. A Super
Molecular Beam Injection (SMBI) was used to
obtain high enough intensity of the emission for a
high-speed frame rate (20000-80000 fps) necessary
for fluctuation analysis. By using this system, we
have succeeded two-directional observation of the
edge plasma fluctuations. A two-dimensional phase
analysis technique revealed that the fluctuation has a
filamentary structure elongated in the magnetic field
line as shown in in Fig. 3. After sophistication of this
system and detailed image analyses, we expect to
reconstruct 3-D structure of fluctuation and clarify its
motion.

Although the fluctuations observed in the edge
plasma emission is considered to be related to the
plasma density fluctuations in the edge region, only
the fast-camera observation is not sufficient to
understand their origins. In order to study more
detailed characteristics of the fluctuations observed
in plasma emission, a new hybrid probe was

developed for Heliotron J experiments. The hybrid
probe consists of a Langmuir probe set with four tips
and a pic-up coil (magnetic probe) sets for three
components of magnetic field (radial, poloidal and
toroidal directions). The coherent fluctuations in the
low frequency range observed the fast camera system
were also detected by the radial and poloidal
magnetic probes (Fig. 4), but not detected by the
toroidal magnetic probe. This fluctuation was only
observed during 10 ms after the SMBI. Since such a
coherent fluctuation was not detected by magnetic
probes located at the vacuum vessel (far from the
plasma edge), the fluctuation may have a fine
structure near the plasma edge. On the other hand,
such coherent fluctuations were not observed by a
Langmuir probe, suggesting the coherent modes have
come from magnetic fluctuations.

We are planning to re-arrange the camera system
and the hybrid probe optimally and apply the spectral
filter to the camera system in order to clarify the
physics of detailed three-dimensional structure and
characteristics of edge plasma fluctuations.

Fig. 3. Example of the phase images of edge
plasma fluctuation observed at a plasma
section (left: top view, right: side view).
Although the scale is not the same, the
exposure timing is the same. The filamentary
structure elongated to the direction of the
magnetic field is observed.
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Fig. 4. An example of power spectrum of
poloidal magnetic fluctuation for three
different timing of a single discharge. The
SMB injected at t = 218 ms. A coherent
fluctuation are only observed in the 7-8 kHz
just after the SMBI (t = 220-230 ms).
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Advanced Energy Generation Division

Advanced Energy Research Section

Gisle Qye, Foreign Visiting Professor
Ugelstad Laboratory, Department of Chemical Engineering,
Norwegian University of Science and Technology

1. Introduction

Produced water is water co-produced with oil and
gas during petroleum production. Globally, the
amount of co-produced water is three times higher
than the amount of produced oil. Furthermore, the
amount of water continues to increase as the oil fields
become more mature. Both from an environmental
and a processing perspective, it is important to
remove pollutants from the produced water streams.
Various well-working technologies are developed in
this respect. However, there is limited understanding
of the underlying mechanisms for the separation
processes. Better fundamental knowledge about the
produced water fluids is required to further improve
the reliability and efficiency of the separation
processes, and thereby reduce environmental hazards.
The following gives a brief overview of previous and
on-going research activities on separation behaviour
and interactions between dispersed components in
produced water at Ugelstad Laboratory.

2. Produced Water Characterisation

Produced water is a mixture of dispersed solids,
oil, gas bubbles and microorganisms, as well as dis-
solved organics, inorganic ions, gas and various pro-
duction chemicals. As a first approach to better un-
derstand these complex fluids we focused on the be-
haviour of suspensions containing various types of
produced water solids and o/w emulsions. With re-
spect to suspended solids, it has been found that the
stability of solids in water is influenced by the pres-
ence of surface active oil components. In most cases
the stability was increased by the crude oil compo-
nents, but in a few cases it was decreased. Further-
more, alterations of the surface properties of the sol-
ids depended more on the type of solids than on the
crude oil components.

In the o/w emulsion studies it was found that the
nature of the interfacial layer plays an important role
for the separation efficiency of the emulsions. For
example, emulsions from crude oils with high vis-
cosity and density were often easier to separate than
emulsions from lighter crude oils. This demonstrates
that the density difference alone does not account for
the emulsion behaviour, and interfacial properties

need to be taken into account. Our investigations
showed that the lighter crude oils often built up an
elastic interfacial layer which reduce or prevent coa-
lescence of the oil droplets, and thereby prevent effi-
cient separation of oil and water. Heavier crude oils,
on the other hand, tended to form less elastic inter-
faces, and are more prone to coalescence.

In order to approach the complexity of real pro-
duced water fluids, we have recently started up a
project focusing on the ability of solids to stabilise
crude oil emulsions and interactions between gas
bubbles, oil droplets and solids. The latter is particu-
larly important for flotation as a process for remov-
ing oil and solids from the produced water. The over-
all aim is to obtain better fundamental knowledge
about the interfacial and interactions properties of
dispersed components in produced water streams,
and thereby facilitate better produced water treatment
within the oil and gas industry.

Somewhat linked to this project, we are also col-
laborating with Associate Professor Tetsuo Sakka at
Institute of Advanced Energy, Kyoto University.
During my stay at Institute of Advanced Energy we
initiated an investigation of particles at oil-water in-
terfaces, with the aim at improving the fundamental
understanding of interactions between particles at
liquid-liquid interfaces. A joint publication of the re-
sults is in progress, and we have plans to continue
this collaboration. Finally, I would like to express my
sincere gratitude to Professors Yukio Ogata, Tetsuo
Sakka, Kazuhiro Fukami and all their students for a
truly fruitful and enjoyable stay in their group!
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Advanced Energy Generation Division

Advanced Energy Research Section

Rolf Boelens, Foreign Visiting Professor
(Professor, Department of Chemistry, Utrecht University, Utrecht, The Netherlands)

1. Introduction

From December 31 2010 until the end of March
2011 I was a visiting professor in the laboratory of
Professor Masato Katahira at the Institute for
Advanced Energy, Kyoto University. My activities
included frequent interactions with the coworkers,
students and staff in Professor Katahira’s research
group, attending weekly group seminars and progress
meetings with the research group, giving lectures and
seminars at different institutes of Kyoto University
and other locations throughout Japan. I also assisted
in setting up experiments with coworkers of the
Katahira lab.
2. Weekly progress and research
seminars

I attended the weekly progress meetings and
resecarch seminars of the Katahira group. The
progress meetings involved a summary of the weekly
progress by the students or postdocs on their research
activities and their plans for the coming period.
These progress meetings were highly informal and
gave the students possibilities to show not only their
new findings and speculate about their meaning, but
also allowed to show unfinished or inconclusive
results. I highly appreciate that these presentations
were prepared and given in English and that handouts
were available for the discussion. This allowed active
discussions during and after the meeting and
possibilities to provide suggestions for interpretation
or improvements. The weekly research seminars,
which were also held in English, involved
presentations by two students or postdocs. First a
scientific presentation was given by one of the
students or postdocs on their research project. The
presentation involved an introduction to their study,
which was very informative to me, their latest results
on the project, a conclusion and their next plans.
These meetings were chaired by one of the students
with considerable discipline. After the presentation
there generally arose a lively discussion, with general
questions, or on ambiguities, with suggestions for
improvements or possible alternative views. In the
other presentation an article was discussed. For this
one of students had chosen a recent paper that could
be important for his project. Also these presentations
were accompanied by handouts and were very well
prepared. I was also highly impressed by the level of

meetings

the presentations and discussions. This, and the fact
that presentations and discussions were all held in
English, must have taken a considerable effort by the
students, which I highly appreciate.

3. Seminars and Lectures

During my stay I gave several seminars at
different institutes of Kyoto University and at other
universities in Japan. Two seminars were held at the
Institute of Advanced Energy on the Uji campus,
hosted by Professor Masato Katahira. In one seminar
I presented the NMR studies of my research group at
Utrecht University on the Lac repressor and on DNA
repair, whereas in the other presentation I showed the
results of our studies on the Photoactive Yellow
Protein, the E2-E3 ubiquitination complexes and the
Kid-Kis toxin-antitoxin plasmid maintenance system.
I gave presentations on similar topics at three other
institutes of Kyoto University (Chemistry, Molecular
Engineering and ICeMS), at Osaka University
(Institute for Protein Research), at Tokyo
Metropolitan University and at Yokohama City
University. Depending on the research areas of the
visited laboratories (ranging from biology, chemistry
to biomolecular nmr spcectroscopy) I adjusted the
focus and topics of my lectures.

4. Courses

During my stay I also gave several courses in
Kyoto and Osaka. At the Institute of Advanced
Energy of Kyoto University I gave first an advanced
course on biomolecular NMR spectroscopy during
three 2.5h sessions. I started with an introduction on
multi-dimensional NMR, with the concepts of 2D
and 3D NMR, product operators, heteronuclear and
triple-resonance = NMR, TROSY, assignment
strategies and methods for speeding up
multidimensional NMR. This was followed by an
overview of the practical aspects and concepts
modern of heteronuclear 3D and 4D NMR, basic
NMR pulse sequences, the sensitivity of triple-
resonance NMR experiments. The courses were
accompanied with exercises for better understanding
the advanced concepts.

In another course at the Institute of Advanced
Energy I introduced the concepts of protein docking,
our data-driven docking approach (HADDOCK) and
the use of HADDOCK for modeling protein-protein,



protein-DNA and protein-ligand complexes. This
course was attended by several participants from
outside Kyoto University.

I also lectured in an advanced graduate course
(organizers: Prof. Chojiro Kojima and Dr. Takahisa
Ikegami) on Biomolecular NMR Spectroscopy at the
Institute for Protein Research of Osaka University. In
this course, which was attended by many young
NMR researchers 1 gave an introduction on
multidimensional NMR spectroscopy, followed by an
overview and practical aspects of triple-resonance
NMR and recent developments for speeding up
multidimensional NMR experiments.

5. Research interaction

I was hosted in the research group of Professor
Masato Katahira at the Institute for Advanced Energy.
Of the different research topics in his research group
(RNA aptamer prion protein interaction, anti-HIV
enzyme APOBEC and biofuels), I was mainly
involved in those of with Dr Ayako Furukawa, who
studies the anti-HIV enzyme APOBEC and a virus
protease. It has been proposed that the DNA
deamination mechanism of APOBEC involves a
sliding of the enzyme along the DNA sequence.
Professor Katahira, Dr Furukawa and myself had a
discussion on DNA sliding mechanisms in relation to
APOBEC and brainstormed on possibilities to
demonstrate this. This work is ongoing. Progress on
the dimeric virus protease is challenged by a possible
two-fold asymmetry leading to partial NMR line
doubling in spectra of the protein complexes with
inhibitors and by a high number of prolines in the
polypeptide sequence, which breaks the sequential
triple-resonance NMR  assignment  procedure.
Currently we try to setup a triple resonance NMR
pulse experiment that allows assignments at proline
stretches.

6. Lab visits

During my stay at the Institute for Advanced
Energy I visited several additional institutes in Kyoto,
Osaka and Tokyo. At Kyoto University I visited the
group of Professor Hiroshi Sugiyama in Laboratory
of Chemical Biology of the Department of Chemistry.
Professor Sugiyama and his coworkers introduced
me to their research on DNA chemistry, gene
regulation and DNA nanostructures and showed me

the considerable possibilities of advanced atomic
force microscopy for such studies. On another
occasion [ visited the research group of Professor
Masahiro Shirakawa at the Department of Molecular
Engineering, at the Katsura campus. Professor
Shirakawa gave an overview of his research on his
studies on protein sumoylation, chromatin and DNA
repair complexes, on developments in in-cell NMR
and on novel MR based detection methods. I also
visited Professor Yoshie Harada at the Laboratory of
Single-Molecule Physiology in the Institute for
Integrated Cell-Material Sciences. She introduced me
to her single-molecule studies of DNA-protein
interactions in DNA replication, repair and
recombination, and the use of optical microscopes for
her studies.

In Tokyo I first visited Professor Masatsune
Kainosho and Professor Yutaka Ito in the Laboratory
of Organic and Structural Biochemistry at the
Department of Chemistry of Tokyo Metropolitan
University. Professor Yutaka Ito introduced me to his
research on in-cell NMR, methods for studying large
complexes and new sampling methods for
multidimensional NMR,  whereas  Professor
Masatsune Kainosho showed me his recent
improvements for biomolecular NMR. In Yokohama
I visited the research group of Professor Yoshifumi
Nishimura in the Department of Supramolecular
Biology at Yokohama City University. He and his
coworkers introduced me to their research on DNA
binding proteins and their developments in linking
NMR and mass spectrometry. His coworkers also
introduced me to other members of the Department
and showed me the NMR park in the adjacent
RIKEN complex. Finally at Osaka University I
visited Professor Haruki Nakamura at the Institute for
Protein Research, who introduced me to his
computational modelling and biomolecular docking
studies and the various bioinformatics tools that he
developed.

6. Plans for further collaboration

Continued collaboration can be foreseen for the
APOBEC and virus protease projects. On the
APOBEC project we plan to further explore the
sliding mechanism, whereas for the virus protease we
will continue to interact on resolving the spectral
complications.
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Timothy M. Dore, Foreign Visiting Associate Professor
(Associate Professor, Department of Chemistry, University of Georgia, Athens, Georgia, USA)

1. Introduction

Professor Takashi Morii extended me an
invitation to spend three months at Kyoto
University’s Institute of Advanced Energy, which I
gladly accepted and commenced on May 5, 2010. It
was an amazing scientific and cultural experience in
which I worked in the Morii laboratory learning
about RNA aptamer technology and applying it to the
development of a selective sensor for adenosine
triphosphate (ATP). It was wonderful to work under
the guidance of Professor Morii and his graduate
students, postdoc, and assistant professor.

2.Scientific Exchange

During my stay in Japan, I presented three
seminars on the design of light-based tools to study
physiological function and the discovery and
development of inhibitors of Ras converting enzyme
(Rcelp). I was hosted by three distinguished
researchers at Kyoto University: Professor Hiroshi
Sugiyama in the Department of Chemistry on the
Yoshide campus, Professor Yasuo Mori at the
Katsura campus in the Department of Synthetic and
Biological Chemistry, and Professor Motonari
Uesugi at the Institute for Chemical Research on the
Uji campus.

I attended many Morii group laboratory meetings
during which I engaged in rich scientific discussions
with members of his team. Professor Morii’s
research is in a different field from my own
background in synthetic organic chemistry and
photochemistry, so these meetings were extremely
important for exchanging knowledge and expertise. 1
also regularly participated in the laboratory meetings
of Professor Uesugi, whose work in chemical biology
is widely known. My interactions with his research
group led to an opportunity for his assistant professor
Shinichi Sato to visit UGA in October 2010. I had
the opportunity to engage in scientific exchange with
other faculty members and their research groups on
the Uji campus and with distinguished visitors to the
IAE.

Working closely in the laboratory with Professor
Morii’s students was one of the most enriching
experiences during my stay. They have tremendous
expertise in RNA technology and come from diverse
backgrounds, so it was incredible to work so closely
with them.

3. Collaborative Research

My research project was to address a
longstanding challenge in developing RNA aptamers
to selectively bind ATP, but not adenosine
diphosphate (ADP) or adenosine monophosphate
(AMP). The Morii lab has developed a unique
strategy of using a protein scaffold to stabilize the
RNA aptamer structure, which enables more
effective use of the aptamer-based recognition
element in biological sensing applications. Working
with Mr. Shun Nakano, we set out to create an ATP-
selective aptamer-protein conjugate by first selecting
for a set of RNA aptamers that bind ATP, and then in
later selection rounds, negatively selecting against
those that bound ADP and AMP. By the end of my
three-month stay, we were successful in producing a
pool of RNA aptamers that had undergone twelve
rounds of positive and negative selection. Mr.
Nakano carried out the process of separating the
individual aptamers and sequencing them. We
discovered that we had selected several unique RNA
sequences. After my departure, Mr. Nakano
continued to work on the project, aiming to
characterize the ATP, ADP, and AMP binding
properties of these new protein-aptamer conjugates.

4.Cultural Exchange

In addition to the wonderful scientific experience,
my wife, Lisa, and I were able to experience many
wonderful Japanese cultural activities in and around
Kyoto. The city is rich in Japanese heritage and we
explored it to the fullest extent possible. We also
traveled to Shikoku, the Inland and Japan seas, Mt.
Fuji, Nagoya, Nara, Osaka and the Japan Alps.
Nevertheless, the richest part of our experiences were
when Professor Morii and his colleagues graciously
included us in their laboratory events.

5.Summary

The quality of the work conducted in the
laboratory of Professor Morii and other faculty
members at the IAE is extremely impressive, and the
work ethic of Professor Morii’s team is extraordinary.
My time spent at the Institute was extremely
rewarding scientifically and personally.
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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 na-
no-materials for advanced energy science. In Ad-
vanced Energy Material Research section, the physi-
cal properties of nano-carbon materials (carbon na-
notube, and graphene) by advanced optical spectros-
copy 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 2010.

2. Observation of charged excitons in hole-doped
carbon nanotubes using photoluminescence and
absorption spectroscopy

Single-walled carbon nanotubes (SWNTs) exhibit
unique optical and electronic properties, originating
from their strong quantum confinement in one di-
mension. Here, we reported the first observation of
trions (charged excitons) in carbon nanotubes. The
trion is a three-particle bound state consisting of an
electron and two holes due to Coulomb interactions.
When p-type dopants are added to carbon nanotube
solutions, the photoluminescence and absorption
peaks of the trions appear far below the lowest sing-
let £, exciton peak (dotted circles in Fig. 1-1), re-
gardless of the dopant species (solid circles in Fig.

2.1
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Fig. 1-1 Photoluminescence excitation map
hole-doped single-walled carbon nanotubes. Upper
panel: without hole-doping of CoMoCAT SWNT,
Lower panel: with hole-doping

1-1) . The unexpectedly large energy separation be-
tween the lowest bright excitons and the trions is at-
tributed to the strong exchange interaction in carbon
nanotubes. The observation of room-temperature tri-
ons in carbon-based materials will provide a deeper
understanding of many-particle correlations for fu-
ture applications in electronics, optics, and quantum
information processing.

3. Diameter-based separation of single-walled
carbon nanotubes through selective extraction
with dipyrene nanotweezers

The host-guest methodology for separation of
SWNTs has been developing according to the han-
dedness and diameter with gable-type chiral dipor-
phyrins, designated as porphyrin nanotweezers. As an
extension of the strategy, novel nanotweezers having
two pyrenes instead of porphyrins have been de-
signed. The pyrene 2 nanotweezers consist of two 1-
or 2-pyrenes and 3,6-carbazolylenes with various
N-substituents. They were synthesized through Su-
zuki coupling reactions between 1- or 2-substituted
pyrene with 3,6-disubstituted carbazoles. For the ex-
traction of SWNTs, the 1- and 2-pyrene nanotweez-
ers show the marked contrast; 1-pyrene nanotweezers
selectively extracted SWNTs with diameters ranging
from 0.84 nm to 0.97 nm, while 2-pyrene nanot-
weezers were not able to extract SWNTs at all. The
pyrene nanotweezers have advantage in their much
more facile preparation over the porphyrin ones. The
selectivity by tuning the angles and the distance of
two pyrenes were convinced to improve as in the
case of porphyrin nanotweezers. This study was car-
ried out through collaboration with Prof. N. Komat-
su’s group in Shiga University of Medical Science.

4. Silicon carbide matrix development for LWR
microencapsulated fuels

Silicon carbide (SiC) is a proven attractive nuc-
lear material in part because of its chemical and en-
vironmental inertness, exceptional irradiation stabili-
ty, low neutron capture, and very high temperature
performance. Specifically, experimental results for
very high purity, high density forms of SiC indicate
that mechanical properties such as strength and elas-
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tic modulus are essentially unchanged, or slightly
improved, by under relevant fission reactor irradia-
tion conditions. Similarly, irradiation-induced dimen-
sional change of the high purity SiC saturates at
around ldpa neutron irradiation (or about a few
months in a fission core) over a wide irradiation
temperature range. The exceptional performance of
SiC is the key factor in its selection as the matrix
compacting material for proposed LWR microen-
capsulated (TRISO-type) fuel. Such a SiC matrix
would be in replacement to the historic graphite ma-
trix historically used in the fuel pellets of HTGR
reactors, which would be unsatisfactory in an LWR
application due to the extreme dimensional instability
of graphite: large densification causing a
fuel-zircaloy gap followed by uncontrolled swelling.
The objective is the process optimization of the fully
ceramic micro-encapsulated inert matrix fuel pellets.
To date the fuel fabrication program has followed
parallel paths of 1) understanding and improving the
quality and quality control of the SiC matrix, and 2)
fabrication of fuels of variable fuel loading (TRISO
volume fraction) for irradiation and scale-up. The
overarching goal of this work is to provide irradiation
stable, impermeable matrices for these fuels with ex-
ceptional thermal conductivity and thermal conduc-
tivity which would then be taken into irradiation.
Inert SiC matrix was formed utilizing liquid
phase sintering (LPS) technique. Sintering additives
of Y,0; and Al,O; were used in addition to silicon
carbide powder in the LPS method. Porosity was
found to decrease with increasing amounts of sinter-
ing additives. However, considering the possible im-
plication of sintering aids on irradiation degraded
properties minimization of these sintering aids is
considered a driver. Figure 2-1 shows SEM images
and EDS analysis results of the interface the inert
matrix and the coated particle. The inert matrix and
the coated particle, concentration of sintering addi-
tives was observed within SiC adjacent to interface.

Fig. 2-1, EDS analysis result at SiC matrix/coated
particle interface

5. Simulation of neutron damage on nuclear ce-
ramics by ion irradiation

Due to the absence of operating fusion reactors or
intense fusion spectrum neutron sources at present,
fusion materials research relies upon simulation of
fusion environments. A Multiple Beams—Material

Interaction Research Facility (DuET facility) at IAE,
Kyoto University, composed of two parallel accele-
rators for helium and heavy ions, has been a useful
tool to study the synergistic effects of accumulation
of atomic displacement damage and transmutant
gases on material properties. Existing fission reactors
have been used for the simulation study so far. The
neutron data is unquestionably essential but cope
with many problems such as cost and accuracy of thr
irradiation conditions. The highly controllable and
accurate irradiation conditions of DuET facility
would help to achieve comprehensive experiment
with the significant advantage in time (~1/1k) and
cost (~1/100).

Our research group have demonstrated that the
exceptionally high irradiation tolerances of the SiC
and 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. Most ion-irradiation data
was confirmed to be comparable to fission-neutron
data in the quantitative and qualitative aspects. Re-
cently, we are trying to understand the irradiation in-
duced creep, which is the remaining key issue lack-
ing in certain irradiation data for the SiC. Because
the creep rates are presumably associated with the
rates of accumulation of lattice defects and/or its ag-
gregates, testing by ion-irradiation is suitable for un-
derstanding such temperature- and fluence-sensitive
phenomena. The strain rates showed nearly linear
dependence on the non-stressed swelling rates with
temperature dependent proportional constants at
280-1000°C, where the largest constant was found at
800°C. The transmission electron microscopy indi-
cated that the anisotropic dislocation loop formation
found in irradiated and crept SiC was one of the ir-
radiation creep mechanisms.

6. Transverse laser cooling of a magnesium ion
beam by synchro-betatron resonance

As collaboration research with Advanced Re-
search Center for Beam Science, Institute for Chem-
ical Research, we engage in a laser cooling experi-
ment of an ion beam at Small Laser-equipped Sto-
rage Ring (S-LSR: the circumference is 22 m). A
magnesium ion beam 24Mg" was cooled by a laser,
which consists of a 560 nm Ring Dye laser pumped
by a frequency-stabilized Nd:YVO, (frequency
doubled) laser with a frequency doubler. The fre-
quency tunable UV laser of 280 nm is guided into a
straight section of the S-LSR ring and co-propagates
with ions so that they constitute 3s2S1/2—3p2P3/2
absorption-emission cycle. The minimum observed
longitudinal beam temperature was 3.6 K. Recently a
reduction of transverse beam temperature through
“synchro-betatron resonance” was observed. Efforts
have been made to confirm this result experimentally.
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1. Introduction

Our research interest is focused on the develop-
ment of advanced lasers and their applications to pi-
oneering new fields of photon energy technology.
The laser development is aiming at the generation of
high-intensity, few-cycle laser pulses with stabilized
carrier envelope phase (CEP). The intense cycle
laser pulses allow us to approach sub-fs (< 107 s) to
attosecond (10™'* s) time regions in the experimental
study of ultrafast strong-field interaction with atoms,
molecules and solid surfaces. The goal is to dem-
onstrate potential abilities of coherent radiation
sources in new regimes and to contribute to the pro-
gress of science and technology.

2. High-intensity ultrashort pulse lasers

Three Ti:sapphire laser chirped-pulse amplifica-
tion (CPA) systems are working in our laboratory,
which emit high-intensity fs pulses at the center
wavelength of 800 nm. One of them 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, producing 10 mJ in 100 fs pulses
with a fine intensity distribution, was developed for
the purposes of materials control and processing.

A new fs Ti:sapphire laser oscillator-amplifier
system is operating for the study of attosecond (as)
science. The system consists of a mode-locked os-
cillator producing 6.8 fs pulses at 80 MHz, a pulse
stretcher, a pulse selector, a multi-pass amplifier, and
a grating compressor. The average output power is
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Fig. 1. (a) Autocorrelation trace of the amplified and
compressed fs pulse and (b) its spectrum.

1.6 W with CEP-locked 25 fs pulses at a repetition
rate of 1 kHz. The 25-fs pulses can be compressed
to a few cycles (< 7 fs in duration) by a pulse com-
pressor consisting of a long gas-filled hollow fiber
and chirped mirrors for dispersion compensation.
Figure 1 shows an example of the autocorrelation
trace of the output pulse and its spectrum. The in-
tense few-cycle laser pulses are used for the
high-order harmonic generation in a gaseous medium
to produce attosecond EUV pulses. The experi-
mental apparatus for the EUV pulse generation is
under development.

3. Retrieving angular distribution of high-order
harmonic generation from a single molecules
High-order harmonic generation (HHG) from
nonadiabatically aligned molecules provides an
effective tool for studying structures and dynamics of
molecules, where the angle-dependent harmonic
yield around the molecular axis is the key to deduce
the property of a single molecule. The harmonic
distribution observed in the HHG experiment,
however, always includes a broadening of molecular
axis distribution that blurs the shape of a single mol-
ecule, due to the imperfect alignment of molecules.
We have developed a method to obtain the angu-
lar distribution of HHG from a single molecule, to-
gether with the accurate value of the rotational tem-
perature 7, of molecules, where no theoretical
assumption is necessary. We employ an iterative
procedure to retrieve the HHG distribution, based on
two kinds of harmonic signals observed in the pump
and probe experiment. One of them is the temporal
dependence of HHG signal produced from coherently
rotating molecules under field-free conditions, and
the other is the signal measured as a function of the
relative angle between pump and probe polarizations
at a fixed time delay. The experiment was done
with 40 fs pulses from a Ti:sapphire laser and a
pulsed supersonic molecular beam jetted in vacuum.
In the iterative procedure we start with the time
dependent Schréodinger equation to calculate the mo-
lecular axis distribution for a test value of 7. and the
angular distribution of n-th harmonic intensity pro-
duced from a single molecule. A convolution of the
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Fig. 2. (a) Angular distribution of HHG retrieved for a
single N, molecule, and (b) angular distributions of
HHG of different orders for a single O, molecule,
where the inset represents the polar plots of intensity.

calculated results is compared to the experimental.
The iterative procedure is repeated by changing T,
until a good agreement is obtained.

The angular distribution of HHG from a single N,
and O, molecule with different orbital symmetries
has successfully been retrieved for several harmonic
orders. Figure 2 shows examples of the results. It
is noted that the angular distribution for a single N,
molecule is certainly subject to the o, symmetry of
the highest occupied molecular orbital, while the re-
sult for O, has a peak around the angle 6= 40° — 45°
and nodes at &= 0° and 90° due to the m, symmetry.
These are the first results representing the HHG dis-
tribution for a single molecule.

4. Nanostructuring in fs laser ablation

Intense ultrashort laser pulses are able to produce
periodic nanostructures through ultrafast ablation of
solid surfaces, where the observed size of nanostruc-
tures is much smaller than the laser wavelength.
Intensive studies have been made for a variety of
target materials to elucidate the nanostructuring, but

the physical process is not completely understood yet.

Based on a series of experimental studies for hard
thin films, we have shown 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.

An experimental study of nanostructuring has
been made to demonstrate the applicability of our
model based on the near-field and SPPs to semicon-
ductors. The target materials used were the crystal-
line Si, GaAs, GaN, InP, and InAs. A small piece of
target was placed in a cell filled with distilled water.
The ablation experiment was performed with linearly
polarized, 800 nm, 100 fs laser pulses from a
Ti:sapphire laser system operated at 10 Hz. The fs
laser pulses were focused on the target with a
1000-mm focal length lens, through the water layer
of 2 mm thickness and a quartz window of the cell.

Nanostructuring of surfaces was observed with
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Fig. 3. (a) Power spectrum of the Si surface image and
(b) structure period observed as a function of V.

multiple fs laser pulses at low fluence around the ab-
lation threshold. For Si, as well as the others, we
have found that the nanostructure size observed con-
sists of two groups, depending on the superimposed
pulse number N and the fluence F: one is fine with
the mean period of d = 140 — 200 nm, and the other
is coarse with d = 400 — 500 nm. Figure 3 shows
(a) an example of the Fourier spectrum of the Si sur-
face image in the inset, and (b) a typical result of the
nanostructure size observed as a function of N.  The
fine structure was observed for Si only in water and
was never created in air. The fine and coarse struc-
tures, formed in the direction perpendicular to the la-
ser polarization, are created so as to intermingle on
the target with a small number of N.  With increas-
ing N, the area of the coarse structure on the surface
decreases, while the fine structure area increases to
cover the whole structured surface area. It is noted
in Fig.3 (b) that the nanosize observed is almost in-
dependent of V.

The nanostructuring process in water was ana-
lyzed with the model based on the near-field and
SPPs. The characteristic property of nanostructur-
ing reconciles with the picture of our model and the
observed period of fine structure is in good agree-
ment with the calculation.

5. Theoretical study of ultrafast laser-matter in-
teractions

We have considered a simple and robust
scheme to polarize nuclear-spin, with which the
degree of spin-polarization of muonium can be
made as high as 90%. This is a significant result,
since none of the currently known techniques
works to polarize muonium due to its short life-
time (2.2 ps) and short pumping wavelength (121
nm). We have also explored the possibility of
using a modified Gaussian mode to improve the fs
filament.

6. Study of turbulent heat transfer for heating of
water in a short vertical tube

Theoretical equations for turbulent heat transfer in a
circular tube of a 6 mm in diameter and a 636 mm
long were numerically solved for heating of water by
using PHOENICS code. The results are in good
agreement with the experimental values.
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