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Preface

The Kansai Photon Science Institute (KPSI) originated from the Kansai Research Establishment of the
Japan Atomic Energy Research Institute (JAERI) in 1995, and has been a research institute in the Japan
Atomic Energy Agency (JAEA) since October, 2005. We made a new start as one of the core research sites
in the National Institutes for the Quantum and Radiological Science and Technology (QST), which was newly
established on April 1 of 2016 by integrating the National Institute of Radiological Sciences (NIRS) and some
institutes promoting quantum beam science research and nuclear fusion research in JAEA. QST has three R&D
directorates, i.e., the Quantum Beam Science Research Directorate (QuBS), Radiological Science Research and
Development Directorate and Fusion Energy Research and Development Directorate. QuBS consists of KPSI
and the Takasaki Advanced Radiation Research Institute (TARRI),where various fundamental and applied
research over a wide range of fields such as materials science and life science, are intensively performed on the

basis of quantum beam technology.

The mission of KPSI is the research and development of photon science with laser and synchrotron radiation.
Our institute has centers of activity in the Kizu (Kyoto Prefecture) and Harima (Hyogo Prefecture) districts,
where a total staff of 150, which includes 80 scientists and the supporting technical and clerical staff, are working.
In the Kizu district, based on the world’ s top class high peak power laser technology, cutting edge academic
research such as the laser acceleration of electrons and ions has been conducted as well as industrial and medical
applications of lasers for innovation. In the Harima district, we have two contract beamlines at SPring-8, and
various studies materials science studies are being performed using synchrotron radiation and computational

simulation.

This annual report covers the research activities of KPSI for the fiscal year 2016, which introduces our activi-
ties, research highlights, user facilities, etc.. Taking the establishment of QST as a chance for big improvements,
we will make great efforts to fulfill the role of a leading institute which contributes to “Quantum Science and
Technology” and the “Innovation Strategy” of Japan. Thank you very much for your understanding and coop-

eration.

Wataru UTSUMI
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Activities of KPSI
April 1. Start of QST

The National Institutes for Quantum and Radiological Sci-
ence and Technology (QST) was founded uniting a part of
the Quantum Beam Science Directorate and the Inertial Fu-
sion Directorate of the Japan Atomic Energy Agency with
the National Institute of Radiological Science on April 1st.
Kansai Photon Science Institute (KPSI) started as one of the
Institutes belonging to QST.

May 1. Open house of SPring-8/SACLA

An open house of SPring-8 and SACLA was held. The weather was
nice and more than 5800 people consisting of families, junior and high
school students came. It was the first open house event after the foun-
dation of QST. With the theme of “Stress Research” collaborating with

JAEA we carried out hands-on experiments about Photoelasticity and

an exhibition and demonstration experiment using an unusual cymbal.

May 22~27. 15th International Conference
on X-Ray Lasers

We held the 15th International Conference on X-Ray Lasers
at Nara Kasugano International Forum which was sponsored
by KPSI, co-sponsored by JAEA and The Graduate School

for the Creation of New Photonics Industries and supported

by MEXT. 65 people from Japan and 84 people from abroad

such as the USA, France, Russia and so on participated.

July 4~6. Dr. Bulanov named for Hannes Alfven award

Dr. Sergei Bulanov who is a visiting researcher of KPSI was awarded by the
European Physical Society for his experimental and theoretical contributions to
developing a large next generation facility for high-temperature plasma physics

and received the 43rd Hannes Alfven award.

October 13. Agreement of Comprehensive collabo-

ration cooperation

Osaka University and QST concluded an agreement about Compre-
hensive collaboration cooperation and as a specific initiative the In-
stitute of Laser Engineering of Osaka University and KPSI of QST
concluded a Memorandum of collaboration cooperation about opto-

quantum beam science on the same day. -




October 23. Open house of KPSI (Kizu)

The open house of KPSI was held. 1,387 people visited our insti-
tute and toured the world class high power laser facilities. In order
to get them familiar with KPSI, we conducted hands-on classes and

an experimental show related to optical science.

November 24~25. Opto 2016 Symposium on

Photon and Beam Science

Osaka University and QST jointly held the symposium.
Mr. Tanose, the Parliamentary Secretary of MEXT, and Mr.
Otake, vice chaiman of Kansai Economic Federation, gave

greetings as guests and Dr. Sauerbrey, Scientific Director of

HZDR, gave us a special lecture as an invited speaker. There ' T =
. . . . Opto 2016 Symposium on Photon and Beam Science
were 274 participants including many from industry. 20165 11782 FES(79(T Ry 5— T AR - HH

December 22. Workshop with former Directors of KPSI

Seven out of the eight former Directors of KPSI gathered at Kansai Kizu-

site and held a workshop at the multi-purpose hall after a tour through the
research facilities and the science museum. Dr. Iizumi who was the first
Director talked about details of the foundation of KPSI and each Director

talked about various recollections and also encouraged us.

January 29. 600,000 visitors to The Kids’ Science
Museum of Photons

The number of visitors to The Kids’ Science Museum of Photons
reached 600,000 people. The memorable 600,000th visitor was a
family coming from Joyo City and a commemorative event of the

600,000th visitor was held and Flowers and souvenirs were presented.

February 23~24. JAEA-QST Synchrotron Radia-
tion Research Symposium 2017 and MEXT Nanotechnology Platform Synchrotron
Radiation Technology Seminar

The Symposium was jointly hosted by QST Synchrotron Ra-
diation Research Center (SRRC), JAEA Materials Sciences Re-
search Center, and MEXT Nanotechnology Platform. FKEighty-
eight people contributed to the success of the symposium. The
most recent research products and future research plans were
reported from QST-SRRC and JAEA-MSRC, respectively, and

several invited talks were given by the top researchers in the

field of synchrotron radiation research. Related discussion and

information exchange were actively carried out.
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1 (a) Schematic view of interference between

the reflections from the spallation shell and the

ablation front, generating NRs. (b) Interference

between two surfaces.
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2 Soft X-ray Newton’ s ring image of (a) Au
at 191, 317, 607 ps and infinity. The contrast has
been optimized to better visualize the characteris-
tic features.
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3 Estimated spatial distribution of Au at 191,
317, and 607 ps by quadratic fitting of the position
of Newton’ s rings and the distribution of the pump
beam fluence.
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Formation of x-ray Newton’s rings from nanoscale
spallation shells of metals in laser ablation

Masaharu Nishikino, Noboru Hasegawa, Tetsuya Kawachi and Tohru Suemoto

X-ray Laser Group, Department of Advanced Photon Research

The dynamical processes of laser-induced irre-
versible phenomena such as laser ablation have been
attracting considerable attention for microfabrication
(cutting, boring, welding, etc.) using ultra-short laser
pulses [1],[2]. Femtosecond (fs) laser processing can be
applied to micro- and nanometer fabrication of vari-
ous materials, including metals, semiconductors, and
insulators. To realize and improve precision microfab-
rication techniques using fs laser pulses, a deep under-
standing of the fundamental processes of laser-matter
interaction is important.

Several studies on time-resolved imaging of fs laser
ablation have been performed using various materials
to understand the relevant ablation dynamics [3]-[6].
During fs laser ablation of metals and semiconductors,
transient interference fringes of Newton’s rings (NRs)
were observed by Sokolowski-Tinten [3]-[6] using a vis-
ible (A ~ 620 nm) probe. Refs. [3]-[6] attribute the
NRs to the interference between the reflected probe
pulses from the thin layer of the spallation shell and
the remaining sample surface, as shown in Fig. 1(a).

When a solid sample is excited with an ultra-short
pulse laser, a thin film is peeled off by the tensile
stress wave and detached from the sample surface.
This phenomenon is known as the “spallation” in laser
ablation at an irradiation fluence around the ablation
threshold. Assuming a refractive index of unity for the
space between the spallation shell and the substrate,
the optical path difference between the two reflected
beams is defined as 2dsinf, as in Fig. 1(b).

In a previous experiment [4], an optical laser was
used to probe the spallation dynamics. The structure
of NRs resulting from the formation of a dome with
the spallation shell is observed on the nanosecond time
scale and micrometer depth scale. However, the op-
tical probe cannot survey regions where the plasma
density exceeds the critical density. Therefore, the
dynamics of fs laser ablation in the very early time
stages remain unknown.

In contrast to optical light probes, soft x-ray probes
have a higher spatial resolution due to the 40 times
shorter wavelength, and can penetrate and diagnose
the inside of the high-density electron plasma because
the critical density for propagation is proportional to
A~2. Since soft x-rays around 100 eV have the short-
est penetration depth for solids and their reflectivity
critically depends on the atomic density and rough-
ness of the interface, soft x-rays are the most suitable
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Figure 1: (a) Schematic view of the interference be-
tween the reflections from the spallation shell and the
ablation front, generating NRs. (b) Interference be-
tween two surfaces.

for observing solid surface morphology. The initial
stages of the femtosecond (fs) laser ablation process
of gold were observed by a single-shot soft x-ray imag-
ing technique [7].

The x-ray reflection images were observed by the fs-
laser pump and XRL probe imaging system [8]. The
accuracy of the fs laser probe timing is less than 3
ps according to the real-time monitoring system. A
highly coherent soft XRL with a wavelength of 13.9
nm (89.2 €V) was used as probe beam. The output of
the XRL beam is sufficient to obtain an x-ray reflec-
tion image in a shingle-shot event. The pulse width of
the XRL was about 7 ps full width at half maximum
(FWHM). The metal samples were 100-nm-thick films
evaporated on fused silica substrates. The XRL probe
beam had a grazing angle of 20° for the sample surface
in the experimental setup. The x-ray reflection im-
age was transferred by a molybdenum/silicon (Mo/Si)
multi-layered spherical mirror with a magnification
factor of 20 and obtained by an x-ray CCD camera.
A Ti:Sapphire laser with 80 fs pulses (FWHM) and
a central wavelength of 795 nm was used as pump
beam. The linearly polarized pumping laser pulse was
focused by a lens onto the sample surface at a nearly
normal incidence.

The irradiation profile has a Gaussian distribution,



and the focal spot diameter (FWHM) on the sample
surface is about 100 pm. The peak fluence of irra-
diance is 1.4 J/cm?. The time-evolution of the sur-
face shape was obtained by varying the delay time
between the pump fs laser beam and the probe XRL
beam with an optical delay stage. The sample was
laterally shifted for every shot to get a fresh surface.
The temporal resolution of the x-ray imaging system
was determined by the length of the soft x-ray pulse.
Although the x-ray pulse width is longer than that
of the fs pump source, it is sufficient to observe an
individual laser ablation event. Thus, we observed
single-shot reflection images with an x-ray CCD cam-
era using an x-ray reflectometer.

Figure 2, which depicts typical soft x-ray images
with concentric rings in the fs laser ablation region,
shows the temporal evolution of the x-ray reflection
image of Au at 317 and 607 ps after 1.4 J/cm? fs laser
irradiation. All the x-ray images are approximately
triply expanded in the horizontal direction to com-
pensate for the distortion arising from the x-ray graz-
ing incidence. Several concentric bright rings appear
inside the dark circular structure of a crater, and the
number of concentric rings increases with the delay
time from t= about 200 to 700 ps. The bright rings
become narrower toward the edge, and the space be-
tween the outer rings is also smaller than that at the
central part of the crater. Since these characteristics
are very similar to those reported for the Newton’s
rings in the visible region [3]-[5], the observed rings
are definitely assigned to Newton’s rings, which, to
the best of our knowledge, is the first observation in
the soft x-ray region.

From the pattern of the concentric rings, the spal-
lation shell seems to have a dome-like structure. Be-
yond a delay of 700 ps, the concentric rings disappear,
and the dark shadow of the laser-ablated crater finally
appears. The generation of NRs may be attributed
to the interference between the soft x-rays reflected
by the spallation shell and the ablation front behind
it, as shown in Fig. 1. The distance between the
two surfaces is obtained from the fringe position of
NRs. When the outermost ring is defined as the first
ring, as in the case of a dome structure on the laser-
ablated sample surface, the interference condition is
calculated as mA = 2dsinf. Under this condition, a
one-period fringe shift corresponds to a height of 20.3
nm for an incident grazing angle of 20°. Figure 3
shows the temporal evolution of the estimated lateral
profiles of the spallation shell dome as deduced from
the NRs together with their quadratic fitting curves.
The edges of the quadratic fits are connected to the
observed crater edge position at 45 micrometers. The
pump beam profile is also shown in Fig. 3. The ab-
lation threshold is estimated to be about 0.7 J/cm?.
The spallation speed of the expansion shell at the cen-
ter position is estimated to be approximately 160 m/s.

In conclusion, we observed direct images of soft x-
ray NRs originating from a nanoscale spallation shell
dome and deduced the mechanism of NR generation,
which involves a very thin, smooth spallation shell
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Figure 2: Soft X-ray Newton’s ring image of Au at (a)
317 and (b) 607 ps and infinity. The ring structure is
recognized in the pattern of the whole image.
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Figure 3: Estimated spatial distribution of Au at 191,
317, and 607 ps by quadratic fitting of the position
of Newton’s rings and the distribution of the pump
beam fluence.

that breaks away from the sample surface.
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High-speed remote inspection method for diagnosis of

the defects inside lining concrete using laser technologies

Noboru Hasegawa, Masaharu Nishikino, Katsuhiro Mikami and Tetsuya Kawachi

X-ray Laser Group, Department of Advanced Photon Research

The current mainstream method of inspecting the
defects inside concrete is a Hammering test, where the
concrete is diagnosed by the change of sound when
an examiner knocks on the concrete with a hammer.
The Hammering test is a simple and highly reliable
method; however, it requires a long inspection time
and is dangerous because it is a contact-type inspec-
tion. Development of remote and high-speed inspec-
tion method is in progress. In this study, we have im-
proved the Laser hammering method (LHM), which
is a new inspection method, to make the Hammering
test remote and automated using laser technologies.

A schematic of LHM is shown in figure 1. Two
laser systems, a hammering laser and laser vibrom-
eter, are used for the remote sensing of the defects
inside lining concrete. The hammering laser is equiv-
alent to a hammer in the Hammering test. It is a
high-power pulse laser, which can cause a concrete
wall to vibrate remotely via surface ablation. A laser
vibrometer is equivalent to the examiner’s ears, and
measures the slight vibration of the concrete surface.
The surface vibration is measured by frequency mod-
ulation (Doppler shift) of the light reflected from the
vibrated surface using the laser interferometer [1],[2].
The scheme of LHM has been developed and shown ef-
fective in the inspection of defects inside a lining con-
crete by the West japan railway company (JR West),
Railway technical research institute (RTRI), and In-
stitute for laser technology (ILT) [3]. The results of
LHM are highly compatible with those of Hammering
test, because the scheme and measurement frequency
range of vibrations are the same in both. However, the
repetition rate of measurement by LHM was approx-
imately 1 Hz, the same as Hammering test. Improve-
ment in the inspection speed is required for practical
use. We have improved the inspection speed of LHM
in collaboration with ILT by developing a high-power
pulse laser with high-repetition rate and a high-speed
laser vibrometer with high-speed scanning unit. We
have succeeded in demonstrating the inspection of a
simulated defect inside the concrete sample by using
high-speed LHM at 25 Hz [4]-[7].

A schematic of a high-speed LHM system is shown
in figure 2. The inspection speed of the LHM is lim-
ited in the following terms: repetition rate of hammer-
ing laser, scan speed of scan unit, and measurement
rate of laser vibrometer with ruling engine for defect.
In this study, these devices were improved. In a sim-
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Figure 2: High-speed inspection system for defects in
concrete.

ple estimation, if the inspection speed is improved to
50 Hz, screening examination will be possible every
220 mm over a 1 km length tunnel with a 7 m radius
in less than 3 h.

A schematic of the high repetition-rate hammering
laser is shown in figure 3(a). The hammering laser
requires the following characteristics: a pulse of less
than 1 ps with output energy larger than 1 J, which
is enough to cause the concrete wall to vibrate by the
reaction of surface ablation, focusing ability at more
than 7 m away from its position for remote sensing,
simple layout for outdoor use, low running cost, and
high repletion-rate (50 Hz). We have developed the
flash lamp pumped Nd:YAG laser with a 1064 nm
wavelength with simple layout as the maintenance-
free hammering laser. In a high repetition-rate and
high power laser, wave-front distortion by the ther-
mal lens effect generated from thermal distribution
in Nd:YAG rod creates serious problems in terms of
focusing ability and laser-induced damage for optics.



In this laser, the good focusing ability of the wave
front at the position near the oscillator is transferred
to each position (star marks in figure 3(a)) by the im-
age tubes. By the adjustment of the image tube lens
pairs, the thermal lens effect was reduced to not affect
the performance of the laser (figure 3(b)). At under
50 Hz operation, an output energy of 1.2 J was ob-
tained, and more than 90 % of the energy remained
concentrated in a focal spot at a position 7 m away
from focal lens (figure 3(c)).

The Nd:YVO,; CW laser was used as a laser vi-
brometer, at 532 nm wavelength, and combined with
the hammering laser via the dichroic mirror. Each
laser was transferred to the sample concrete surface
7 m away by galvanometer mirrors (high-speed scan-
ning unit). Lightweight and high-stiffness SiC based
large aperture (50 mm) optics were used in the Gal-
vanometer mirrors for high-speed and highly precise
drive, along with efficient measurement of scattered
laser light from the concrete surface. The time re-
quired for moving a laser beam 33 mm (5 mrad) at a
position of 7 m ahead was only 5 ms (= 1 rad/s), in-
cluding acceleration and deceleration time [8]. Under
the maximum speed setting, a time of 7 ms is required
for 220 mm of movement. A time of approximately 20
ms is required to measure the vibration of the sample
7 m ahead of the laser’s position, and the total time
of measurement for one point was 25 ms. Therefore
the measurement of over 25 Hz was enabled.

The results of a 25 Hz inspection of the concrete
sample by high-speed LHM are shown in figure 4. A
simulated defect (Styrofoam of thickness 5mm) was
set inside the concrete sample at a depth of 10 mm.
Figure 4(a) shows the vibration spectra at the posi-
tion of without (green line) and with (red line) defect.
The frequency range of measurement was smaller than
20 kHz, the same as that of a human’s ear. At the
‘without defect’ position, vibration signal was weak
and almost flat, showing there was no specific struc-
ture. On the other hand, a strong peak of the spec-
trum at 2 kHz frequency was observed at the position
with a defect. It shows a resonant wave between the
vibration wave, which occurred at the surface, and re-
flected wave from the density gap inside the concrete
(= defect). Using a high-speed LHM system, the ob-
servation of this strong peak of spectrum was used
for diagnosis of defects. The results of defect visual-
ization inside the concrete sample are shown in figure
4(b). The domain surrounded by a white dotted line
shows the defect diagnosed by traditional Hammer-
ing test, and white circles show the inspection points
by LHM. The red area shows the defect diagnosed
by LHM, proving we have successfully obtained good
agreement between the results of LHM and Hammer-
ing tests.

We have improved the inspection speed of LHM for
remotely sensing defects inside lining concrete. Re-
mote inspection with a 25 Hz repetition rate suc-
ceeded in identifying and visualization a simulated
defect in a concrete sample.
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Figure 3: (a) Schematic of hammering laser (50 Hz,
1J Nd:YAG laser). (b) Beam pattern at the output
position of Nd:YAG rod. (c¢) Focusing pattern at the
position 7 m away from focal lens.

(a) Spectra of vibration frequency (b) Concrete sample

w/fo defect | |
w defect

300 mm

1] 2000 4000 6000 8000 10000
Frequency [Hz]

Figure 4: (a) Vibration frequency spectra. (b) Inspec-
tion result of the concrete sample.
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Theoretical study on the laser-matter nonlinear

interaction

Tomohito Otobe

Ultrafast Dynamics Group, Department of Advanced Photon Research

Recently, a high-order harmonic generation (HHG)
in the solid state has attracted great interests as a
new short wavelength light source and an observation
method of the physical properties [1]. Although HHG
in a solid is of interest in electronic excitations, de-
tails of the physical process are unclear. On the other
hand, due to the development of attosecond science,
transient absorption spectroscopy is expected to clar-
ify the nonlinear ultrafast phenomena [1]. However,
a new physical interpretation is important as prior
models have not reproduced the experimental results.

New theories and numerical approach are needed
to elucidate these nonlinear and ultrafast electronic
dynamics. The description of the electronic ground
state can be calculated by density functional theory
(DFT). On the other hand, the electronic dynam-
ics can be described by time-dependent density func-
tional theory (TDDFT) [3], which has successfully re-
produced many nonlinear ultrafast phenomena. In
this study, we present numerical calculations for HHG
in solid and transient spectroscopy by an attosecond
light pulse.

Figure 1 shows the numerical result for HHG in a-
quartz when the laser wavelength is set to 800 nm.
The laser intensity in the a-quartz is assumed to be
8x10'® W/cm?. We set the polarization direction par-
allel to the optical axis. The applied electric field (red-
dashed line) and the induced electronic current (blue
line) are shown in Fig. 1(a), while Fig. 1(b) presents
the Fourier transformation of the current correspond-
ing to HHG.

To understand HHG in solids, it is important to elu-
cidate the contribution of the inter- and intra-band
transitions. Figure 2 shows HHG by the full calcu-
lation (red line) and the intra-band transition (blue-
filled). The contribution of the intra-band transition
is clearly a minor effect. From the comparison be-
tween HHG spectrum and the band structure, HHG
is attributed to the recombination between electrons
around the bottom of the conduction band and holes.
The above results are reported in Physical Review B
[4].

We studied numerical pump-probe transient spec-
troscopy using TDDFT and analytical theory. Our
results showed an intense subcycle modulation of the
optical properties under an intense linear polarized
laser [5]. In this study, we extend the theory to ellip-
tic polarized lasers [6].

A/c (atomic unit)

Intensity (atomic unit)

41

]O T T T 3
B ,"‘\ — (@) 42
051 AN R RN I
0.0 |t /\ Voy o " o ‘ RN e O
05 A
VATRY 12
-
10 I ! L -3x10™
0 5 10 15
5 Time (fs)
]0 T T T T T
(b)
10° L
107 L
10° L
10° L
1 5 9 13 17 21 25 29 33 37

Harmonic Order

Figure 1: (a) Laser field and the induced current.
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Figure 3: Polarization dependence in transient spec-
troscopy. (a) and (e): Electric field of the linearly
polarized pump. (b) and (f): Circular polarization.
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larization

Figure 3 shows the results by TDDFT (left pan-
els) and analytical theory (right panels) for diamond.
Panels (a) and (e) show the linear polarized pump
laser field, where the vertical solid lines represent the
peak of the electric field. The modulation of the imag-
inary part of the dielectric function is shown as the
contour plot in panels (b)-(d) and (f)-(h). In our
calculations, the optical band gap is 5.6 eV. The in-
tense subcycle modulation under a linear polarized
laser (panels (d) and (h)) becomes weaker as the el-
lipticity increases. Of particular note is that the time-
dependence disappears in the circularly polarization
case ((b) and (f)). The analytical theory shows a good
qualitative agreement with TDDFT.

The derived analytic formula corresponds to the re-
sponse of the Floquet states. Therefore, the subcycle
transient spectroscopy can be understood as the re-
sponse of the many Floquet states (Dressed states),
including their phase at the probe time. This effect
has been observed experimentally by attosecond spec-
troscopy [7]. A similar effect has been found in tran-
sient spectroscopy of the excitonic state under a ter-
ahertz field [8].

We elucidated the physical processes in HHG
and transient spectroscopy by numerical simulations.
Some experiments indicated a laser induced subcycle
modulation. We would like to extend the program
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to explore new functional materials. Our numerical
method is also suitable to study the initial state of
laser processing. We are planning to explore the de-
velopment of a new efficient processing method.
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Palm-size Blood Glucose Sensor

Koichi Yamakawa

Laser Medical Applications Group, Department of Quantum Beam Life Science

Diabetes mellitus affects more than 415 million peo-
ple worldwide, and the number is increasing. Accord-
ing to the World Health Organization (WHO), more
than 80% of diabetes-related deaths occur in low-
and middle-income countries, making this disease a
global challenge. True non-invasive glucose measure-
ment procedures are presently unavailable to diabetic
patients. There have been many different approaches
without useful results. We propose a new concept to
measure the glucose level non-invasively based on a
high-power mid-infrared laser. To date, a precision
of +20% has been achieved in the glucose concentra-
tion range from 60 mg/dL to 180 mg/dL using in vivo
monitoring, which meets the requirements of the ISO
15197 standard.

Light from a pulsed optical parametric oscillator
pumped by a Q-switched microchip Yb:YAG laser
(see Fig. 1) with a tuning range between 8-10 ym was
focused onto a human finger (see Fig. 2). Laser light
was maintained incident to the skin at a peak power
of less than 1 kW. Backscattered light from the skin
was coupled directly to a commercial photodetector.
Since the newly developed microchip Yb:YAG laser
has a high heat capacity, the repetition rate of the
laser pulses is very high (100 pulses in one second),
and no more than six seconds are necessary, provid-
ing a fast testing experience. Our uniquely designed
micro-cavity Optical Parametric Oscillator produces
very short duration pulses, which realize a one billion
higher intensity than that of black body radiation.
These pulses are large enough to penetrate into the
skin layer and be absorbed by glucose molecules in
blood at a sufficient resolution.

Figure 1: Microchip Yb:YAG laser (left), optical para-
metric oscillator (right) .

The glucose concentration in blood of healthy vol-
unteers was modulated using a standard oral glucose
tolerance test (OGTT), as shown in Fig. 3. The nu-
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merical values for a subject’s blood glucose concen-
tration level were obtained using a commercial elec-
trochemical meter prior to the optical experiment.

A precision of £20% in the glucose concentration
range from 61 mg/dL to 198 mg/dL by in vivo moni-
toring meets the requirements of the ISO 15197 stan-
dard; 100% of the measured values with a real blood
glucose level above 75 mg/dL are in the +20% range,
and 100% of the values below 75 mg/dL are in the
+15 mg/dL range (Fig. 4).

Figure 2: Palm-Size Blood Glucose Sensor.
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Figure 3: Oral glucose tolerance test.



Predicted concentration [mg/dL]

180
160
140
120
100

g 8

rz----.l ’:-. ".i
- [Rzone ) e
" f’ = : »
.
_ Sl 7
-
L ]
io’.& »”
R 4
~— ’ﬁ" -~
,".’ e
L y '.I
S . 1 i ! i |

40 60 BO 100
Expected concentration [mg/dL] (SMBG)

Figure 4: Clark error grid analysis.

120 140 160 180 200

44



Effect of Track Potentials on the Movement of
Secondary Electrons Due to Irradiation of Heavy Ions

Kengo Moribayashi

Radiation DNA damage study Group, Department of Quantum Beam Life Science

In studies on the interactions between heavy ions
and matter, secondary electrons (produced from inci-
dent ion impact ionization of molecules) play an im-
portant role in the region near the ion trajectory. Pre-
vious measurements [1] of the secondary electrons in-
dicate that slow secondary electrons are trapped by
the track potential formed near the incident ion tra-
jectory. Here the track potential is defined as the
potential originating from the Coulomb interactions
with molecular ions near the incident ion trajectory.
These molecular ions are also created from the impact
ionization of an incident ion in the target. We report
the effects of the track potential on the motion of sec-
ondary electrons through a simulation study where
this motion induced by heavy irradiation is treated
more realistically than previous conventional models.

Suppose that Y; is the yield of the secondary elec-
trons emitted from target materials, Y, is that of the
electrons ionized from atoms (or molecules) in the tar-
get materials, and \S), is the stopping power of an in-
cident ion. It was found that Y;/S, decreases sharply
with increasing S, in the measurements [1], although
Y,/Sp should remain almost constant over different
Sp values. This indicates that larger number of the
secondary electrons is trapped by the track potential
with increasing S),. It should be noted that the sec-
ondary electrons trapped by the track potential are
not included in Y;, and that Y; has often been em-
ployed in the measurements.

For an insulator target, the binary collision approx-
imation (BCA) is often employed. Here, the BCA
model treats a single collision between an incident
particle and an atom in the target material by solv-
ing scattering elementary processes. In the conven-
tional BCA, the track potential has been ignored,
to our knowledge. In these simulations, secondary
electrons diverge from the ion trajectory and are not
trapped because the track potential is neglected. This
is contradictory to the previous measurements [1]. In
our model [2],[3], we incorporate the track potential
into the BCA model by treating the Coulomb interac-
tion between all individual electrons and all individual
molecular ions. These Coulomb interactions are the
origins of the track potential. We believe that our sim-
ulation model has become possible in the 21st century
because a lot of times and memories are required to
execute these simulations using our model even when
employing cutting-edge super computers. The rapid
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progress of computers leads us to develop this model.

Since S, ~ Ny Tion Eisq, our simulations used n,y,,
ion impact ionization cross section (005, ), and initial
energies of the secondary electrons (F;s) in place of
Sp, where n,, and Ej,,, are the number density of
molecules and the average value of FE;s, respectively.
We studied the effect of the track potentials on the
motion of secondary electrons as a function of the
mean free path between ion impact ionization events
7 = 1/nm0ion. On the other hand, E;s, depends on
the incident ion energies (E;,,) and the target ma-
terial. For the comparison with the experiments [1],
E;on, was taken to be 0.5 MeV/u. Furthermore, to
study the dependence of E;,,, we employed various
targets of HyO, Ar, CHy, N3, and Os.

Figure 1(a) shows Y;/Y, as a function of 7 for vari-
ous targets. In our simulations, Y; and Y, correspond
to the number of secondary electrons that arrive at
r ~ 10 nm while considering and ignoring the track
potential, respectively, where r is the distance from
the heavy ion trajectory. We confirm that the effect
of the track potential almost disappears at r ~ 10 nm.
We have found that Y;/Y, is nearly proportional to
705 regardless of the target material [3] (Fig. 1(a)).

Hereafter we discuss the experimental relation of
Y;/Y, with T using the measurement results obtained
by Kimura et al. [1]. They measured Y; as a function
of the distance from the surface (r,,s) and the mean
square of final charge states, < ¢? >, in the scatter-
ing of Ht, He?", and Li** on the surface of a KCI
crystal at E;p, = 0.5 MeV/u. They also estimated
Y;/ < ¢ > instead of Y;/S, under the assumption of
S, < ¢* >. We introduced the ratios of Y;/ < ¢* >
for He?*t and Li?T ions to that for protons, which are
referred to as Ry¢(A%T) in this report, where A%"
corresponds to either He?t or Li?*T. From the mea-
surements [1], both Ry; (He?T) and Ry; (Li**) are
almost constant over the range of rms. The constant
values of Ry(He?T) and Ry(Li>") are plotted with
Ry¢(HT) =1 as a function of 1/ < ¢? > in Fig. 1(b).
From Fig. 1(b), Ry¢(A%") is approximately propor-
tional to 1/ < ¢* >%% indicating that Ry;(A%*") is
proportional to Y;/Y, for A% at a fixed ion energy
because S, x< ¢ > and Y, x S,.

From the relation S, x< ¢? >, the relation 7 o
1/ < ¢* > is satisfied. Considering that Ry; (A%T")
x Y;/Y,, Y;/Y, should also be approximately pro-
portional to 7%® under the measurement conditions,



although different targets are employed between the
measurement and our simulations. The distribution
of E;s employed here is obtained from gas target ex-
periments. As described above, we also suggest the
relation Y;/Y, o %5 at 0.5 MeV/u from the experi-
mental results.

It is much easier to measure Y; for solid targets than
for liquid targets. Although the mobility of molecules
considerably differs between solid and liquid targets,
the measurement data obtained from surface scatter-
ing experiments are useful for understanding the effect
of the track potential on secondary electrons in liquid
targets for the following reasons. We have found that
Y;/Y, is almost fixed until 10 fs after the irradiation
of an ion. On the other hand, molecules in liquid tar-
gets start to move after a few pico-seconds. This may
mean that we can treat the motion of the secondary
electrons and the molecules separately.

To study the track potential in more detail, atomic
and molecular data such as o;,, and E;s; according
to the targets are required. We should discuss better
targets in which such atomic and molecular data are
available. Although we treat ¢ < 6 in this report,
larger values of ¢ are important in materials science.
Thus, the atomic and molecular data for ions with
larger values of g are necessary.

In summary, we report a qualitative study of the
effect of the track potential on the trajectories of sec-
ondary electrons due to heavy ion irradiation and
compare the effect of the track potential obtained
from measurements with that obtained from our sim-
ulations. The effect of the track potential is mainly
determined by 7. Our simulation results for Y;/Y,
vs. 7 show the same tendency as the measurement
data. We hope that this report motivates scientists in
the fields of atomic physics and radiation physics to
measure data in more detail.
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The role of the DNA mismatch repair protein MutS in
verifying mismatched and homoduplex DNAs as
indicated by molecular dynamics simulations

Hisashi Ishida and Atsushi Matsumoto

Molecular Modeling and Simulation Group, Department of Quantum Beam Life Science

DNA mismatch repair (MMR) maintains genome
stability by repairing mismatches that arise from er-
rors in DNA replication and recombination. Defects
in MMR result in a significant increase in both sponta-
neous mutation rate and cancer susceptibility. MMR
is initiated by the binding of prokaryotic MutS (eu-
karyotic MSH2-MSHG6) to the mismatched DNA. The
MutS-mismatched DNA complex interacts with the
MutL molecular chaperonin and the MutH endonu-
clease to activate downstream repair events.

MutS binds to matched (homoduplex) DNA with
low affinity, which suggests that it stays on the DNA
to scan for mismatches. MutS recognizes and ef-
ficiently binds to base-base mismatches, unpaired
bases, and small insertion/deletion loops in DNA du-
plexes. MutS binds to the mismatched DNA about
10 to 1,000-fold more strongly than to homoduplex
DNA. However, this initial discrimination between
mismatched and homoduplex DNAs based on DNA
binding affinity does not explain the high efficiency of
the DNA mismatch repair process. The rate of mis-
match occurrence is 107% to 1078 per base pair per
generation. It is thought that such high efficiency can
be achieved in spite of the moderate binding affinity
because the ATPase activity of MutS plays a role in ki-
netic proofreading to verify mismatch recognition and
the authorization of the downstream repair events.

MutS functions as a homodimer (Fig. 1). Each
monomer subunit, referred to as MutS S1 and S2
in this study, consists of six distinct structural do-
mains. An outstanding feature of the MutS dimer
is a large separation of ~60 Abetween the mismatch-
recognition and ATPase domains. However, the mech-
anism by which these two domains communicate with
each other is not fully understood.

In order to understand how MutS recognizes mis-
matched DNA and induces the DNA repair response
using ATP, the dynamics of the MutS complexes, ei-
ther bound to ADP and ATP, or not, and DNA, with
either matched or mismatched base pairs, were inves-
tigated using molecular dynamics simulations. The
total number of atoms in each system was ~200,000,
and the total duration of the simulation was 3.75 us.

To deal with such a large system, we used SCUBA,
a special molecular dynamics simulation program
which was developed at our laboratory, to analyze
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Figure 1: The MutS-mismatched DNA complex in the
initial structure. MutS S1 and S2 are shown in ribbon
and tube models, respectively. The functionally im-
portant residues, Lys620, Ser668, Glu38, and Phe36
are shown in the CPK model in blue, red, brown and
yellow, respectively. The mismatch-recognition, con-
nection, core, clamp, ATPase, and the helix-turn-helix
(HtH) domain are shown in red, green, yellow, blue,
purple, and light blue, respectively. The DNA bound
to MutS is shown in black as a ball and stick model.

the conformational changes that occur in MutS-DNA
complexes. First, the structure of the base pairs
within the homoduplex DNA which interact with the
DNA recognition site of MutS was disturbed intermit-
tently, indicating that the homoduplex DNA was un-
stable. As for MutS, the disordered loops in the AT-
Pase domains, which are thought to be necessary for
DNA repair induction, were close to the nucleotide-
binding sites in the ATPase domains when the nu-
cleotides were bound to MutS, and farther away from
the same sites when nucleotides were not bound to
MutS. This movement suggests that the ATPase do-
mains change their structural stability upon ATP
binding using the disordered loop.

To understand the global movements of the MutS-
DNA complexes in different states, we carried out
principal component analysis (PCA) of the atomic
fluctuations. It is known that the most significant
motions of a large biological molecule, either pro-
tein or DNA, are represented as a combination of
low-frequency modes within the principal component
modes. However, it is difficult to understand quan-
titatively how many of these regions move collec-



Figure 2: The change in the dynamics of the MutS-
mismatched DNA complex were analyzed using Dyn-
Dom3D, starting with the absence of ATP (from with-
out ATP (left) to with ATP (right)). The arrows
show the relationship in dynamics between the AT-
Pase and mismatch-recognition domains. The dy-
namic domains are shown in different colors. The re-
gions that were not recognized as dynamic domains
are shown in blue.

tively among them and in which direction these re-
gions move. Global movements may therefore not be
well-represented by the correlation matrix. In this
study, the atomic movement at each mode was ana-
lyzed using DynDom3D, which was developed at the
University of East Anglia and in our laboratory, to
understand how the ATPase domain of MutS and
the DNA to which MutS binds are dynamically re-
lated to each other. Conformational analysis using
DynDom3D showed that nucleotide binding changed
modes, which have structurally solid ATPase domains
(Fig. 2), and caused the large bending motion of the
DNA from higher to lower frequencies. In the MutS-
mismatched DNA complex bound to two nucleotides,
the bending motion of the DNA at low frequency
modes may play a role in triggering the formation
of the sliding clamp for the subsequent DNA-repair
reaction step.

Moreover, the binding free energies were calculated
to elucidate the mechanism of the DNA mismatch-
recognition using MM-PBSA/GBSA methods. MM-
PBSA/GBSA indicated that the MutS-homoduplex
DNA complex bound to two nucleotides was unstable
because of the unfavorable interactions between MutS
and DNA. These interactions presumably trigger ei-
ther ATP hydrolysis or the separation of MutS and
DNA so that MutS can continue searching for mis-
match base-pairs. In contrast, the MutS-mismatched
DNA complex bound to two nucleotides was stable
on the whole, but the interaction between the clamp
domains of MutS S1 and S2 was unfavorable (Fig. 3).
This interaction may work to form the sliding clamp,
which is required for the subsequent DNA repair re-
action.

Consequently, the specific dynamics of the MutS-
DNA complex work as a molecular switch to distin-
guish between different states. The changes in the dy-
namics of the MutS-mismatched DNA and the MutS-
homoduplex DNA complexes in response to nucleotide
binding acting as a molecular switch would be essen-
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Figure 3: The decomposed relative binding free-
energies between the MutS-mismatched DNA com-
plex without ATP and MutS-mismatched DNA com-
plex with ATP are mapped on the initial structure of
the MutS-mismatched DNA complex by color. Only
the mismatch-recognition and clamp domains of MutS
and the DNA are shown for the sake of simplicity.
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Figure 4: Schematic representation of a model of
MutS for (a) MutS bound to mismatched and homod-
uplex DNAs, (b) MutS-homoduplex DNA complex
bound to ATP, (¢) MutS-mismatched DNA complex
bound to ATP, and (d) the subsequent DNA repair
reaction.

tial for MutS to either form the sliding clamp or con-
tinue scanning the DNA.

Based on our results, we propose a model for the
function of MutS for the DNA repair reaction (Fig.
4). According to this model, (a) MutS binds both
mismatched and homoduplex DNAs, and (b) when
homoduplex DNA binds to MutS, MutS and DNA
increase their atomic fluctuations and become unsta-
ble. This would facilitate the DNA dissociating from
MutS and a return to the initial state of the single
MutS. (¢) When mismatched DNA binds to MutsS,
MutS and DNA increase their atomic fluctuations but
maintain the stable state. (d) When ATP binds to the
MutS-mismatched DNA complex, the clamp domain
of MutS becomes unstable. This unstable clamp do-
main may trigger the following DNA repair reaction
by forming the sliding clamp, which slides on the DNA
and interacting with MutL. and MutH.
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X-ray diffraction study of polytype formation in
Au-seeded GaAs nanowires

Takahasi Masamitu

Coherent X-ray Research Group, Synchrotron Radiation Research Center

Recently, semiconductor nanowires have attracted
much attention due to the increased interest in the
growth mechanisms of such extremely anisotropic
structures and their potential technological applica-
tions. Nanowires of ITII-V semiconductors show poly-
types, including the 4H and wurtzite (WZ) structures
in addition to the zincblende (ZB) structure that is
the most stable in the bulk. The polytypism found
in III-V semiconductor nanowires has been discussed
in relationship to growth kinetics as well as the struc-
tural stability in equilibrium. Thus, in situ measure-
ments are essential for understanding the mechanisms
of polytype formation.

Experiments were performed at the synchrotron ra-
diation beamline 11XU at SPring-8 using a molecu-
lar beam epitaxy chamber integrated with a surface
x-ray diffractometer [1],[2]. X-ray diffraction is a well-
established technique to identify crystal structures. In
the present work, the X-ray diffraction profile along a
reciprocal lattice rod extending to the surface normal
direction was measured to evaluate the stacking faults
and the average lengths of the ZB or WZ segments.

Figure 1 shows the evolution of the measured X-ray
diffraction profiles along (1, -1, L) during the growth
of Au-assisted GaAs nanowires on GaAs(111)B. The
growth of GaAs nanowires was initiated by the for-
mation of the ZB structure, which was characterized
by an increase in intensity at L = 1 and 4. After 120
s, the WZ peaks showed up at L = 1.5,3.0 and 4.5
[3].

To understand the growth mechanism of Au-seeded
GaAs nanowires, we performed simulations based on
a classical nucleation theory. For a two dimensional
semicircular nucleus formed on the top facet of a
nanowire (Fig. 2), the energy barrier for the forma-
tion of a nucleus larger than the critical radius is given
by ,
= Pi, (1)

2 (Ap — o)
where Ay is the the difference of the chemical po-
tential of Ga between the catalyst droplet and the
crystal, o is the stacking energy of the nucleus on the
GaAs(111)B surface and I' is the energy cost of the
edge of the nucleus.

The energy barrier for the nucleation depends
on the crystal structures of the nucleus and the
nanowires. Considering up to the nearest neighbors,
there are four possible stacking sequences, ZB on ZB,

AG”
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7ZB on WZ, WZ on ZB and WZ on WZ. In each case,
first-principles calculations for the bulk [4] can be ap-
plied to the evaluation of the stacking energy, o. The
edge energy, I', can be divided into two terms (the
solid-liquid interface, 5, and the solid-vapor inter-
face, v3V), expressed as

T; = 298V + 7St

(2)

The term +5V can be subdivided, depending on
where the nucleus is formed. For the nuclei formed
inside the catalyst droplets, v5V is equal to the step
energy of the (111) surface, 75y, while it can be lower
than 75y for the nucleus formed at the VLS interface
since the surface energy of the side facet of nanowires
is lower for the WZ structure than for the ZB struc-
ture. Hence, the edge energy can be written by

S

Dy = 2x37 Y +2(1 = )7z + 77,

3)

using the probability, x, that a nucleus is formed at
the VLS interface.

Now that the energy barrier, AG;, can be calcu-
lated for each stacking, the probability of the forma-
tion of stacking n is obtained by

_ Ziexp(—=AG]/kT)
P S~ 7 exp(—AGT/KT)

(4)

Following these stacking probabilities, we simulated
the growth of 500 nanowires and calculated corre-
sponding X-ray diffraction profiles.

Figure 3 shows the simulations for vzp /75 = 7%]\3/ =
7.46 meV/A, sz/wz = 2.98 meV/A and ’YZB/WZ =
Ywz/z = 10 meV/A. The higher solid-vapor inter-
face energy for the heterogeneous combination of a nu-
cleus and the nanowire crystal, ywz,z and yz5/wz,
than that for the congeneric combination, yz,z5 and
Ywz/wz, originates from the kinks on the side facets
caused by the switching between ZB and WZ. Now
let us discuss why the ZB GaAs preferentially grows
during the initial stage of the growth and the WZ
GaAs appears after a delay. In the simulation shown
in Fig. 3, Au was varied and x was kept constant. In
this case, however, agreement between the measured
and simulated profiles through the entire growth pro-
cess was not satisfactory although increase of Ay en-
hances the formation of WZ. This suggests that the
change of x is more critical for the ZB to WZ transi-
tion during growth than the change of Ay. To confirm
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Figure 1: evolution of measured X-ray diffraction pro-
files along (1, -1, L) during the growth of Au-assisted
GaAs nanowires

Figure 2: Nuclei formed at the top facet of a nanowire.

this observation, a simulation was performed with x
changing as

x = 1 — exp(—n/150) (5)

during the growth of nanowires, where n is the
number of atomic layers in the nanowire. As shown
by solid lines in Fig. 1, this simulation well repro-
duced the experimental results. Thus, the following
growth mechanism is inferred. At the beginning of the
nanowire growth, the nucleation site is limited to the
substrate surface. Thus, x should be zero. With the
progress of growth, the side walls of nanowires develop
and x starts to increase. Effects of growth tempera-
ture and growth rate on polytypes can be accounted
for by this growth model as well [5].

The growth process of Au-seeded GaAs nanowires
was investigated by in situ X-ray diffraction. The
growth process is well understood on the basis of
the classical nucleation theory. Further studies based
on atomistic view will be important because the in-
terfacial structure between the catalyst droplet and
the nanowire crystal is critically influential on the
nanowire growth.
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Figure 3: Simulated X-ray diffraction profiles for

YZB/Wz = YWz/ZB > VzZB/ZB > Ywz/wz. Lhe value
of x was kept constant at unity.
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Rapid-acquisition pair distribution function analysis and
its application on negative thermal expansion materials

Tetsu Watanuki, Akihiko Machida
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Atomic pair distribution function (PDF) analysis
is a powerful tool to investigate the local structure of
non-ideal crystalline materials containing structural
disorder or inhomogeneity. It is applicable to doped
materials and partially substituted ones. The physi-
cal properties of these materials often depend on the
local structure such as local distortions or the short-
range order instead of the averaged structure, which
can be obtained from crystal structure analysis. Here
we introduce our rapid-acquisition PDF measurement
system [1].

Additionally, we apply it to study negative ther-
mal expansion (NTE) materials. Recently new types
of NTE materials exhibiting large NTE coefficients
have been developed utilizing the first-order struc-
tural phase transition with large volume collapse upon
heating. These materials show a large, gradual vol-
ume shrinkage upon heating in a certain temperature
range [2]. NTEs have been realized by doping or par-
tial substitution of the mother material of BiNiOs,
which changes the original first-order phase transition
to a gradual transition and affects the tuning of the
transition temperature.

To investigate the substitution effect, we studied
Bi;_,Pb,NiO3z. We found that the local charge order
due to local structural ordering occurs via the trans-
formation into the larger volume phase upon cooling,
and that a macroscopically glassy charge distribution
appears by the Pb substitution for Bi. This results in
smearing of the discontinuous volume change of the
first order transition [3].

We developed the rapid-acquisition PDF measure-
ment [4] system in BL22XU at SPring-8 [3]. This sys-
tem allows local structural information to be acquired
in a range from several Ato approximately 100 Aby
exposing a specimen to a sub-second x-ray in the most
rapid case. PDF of G(r) is a kind of autocorrelation
function of the atomic arrangement. For example, in
the case where Bi ions are coordinated by oxygens,
G(r) forms a peak when r is the characteristic Bi-O
distance in the material. Because the definition and
the derivation of PDF are independent of the period-
icity of the atomic arrangement, PDF analysis can be
used to investigate the local structure.

X-ray PDFs are experimentally obtained by a sine
Fourier transformation of the total scattering data
of powder specimens. A rapid-acquisition PDF mea-
surement is available at BL22XU using a high-energy
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Figure 1: Schematic illustration of the rapid-
acquisition PDF measurement system in BL22XU at
SPring-8.
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Figure 2: PDF data of the standard sample of Ni
powder obtained by a one-second x-ray exposure.

short-wavelength synchrotron x-ray beam and a large
area two-dimensional detector (Fig.1). The sample is
irradiated with an incident x-ray at a 70-keV energy
(wavelength A = 0.177 A), and the scattered x-ray
signals are collected by an imaging plate or a time-
resolved flat panel detector with an area size of 400
mm X 400 mm. The Q range of the obtained total
scattering data reaches as high as Qmaes= 27 A1, in-
dicating that the spatial resolution of G(r) reaches Ar
= 0.23 A. Figure 2 shows the PDF data of the stan-
dard sample of Ni powder obtained by a one-second
x-ray exposure. High precision PDF data that covers
wide r range is quickly acquired.

Recently, new types of NTE materials have been de-
veloped using bismuth-based perovskite oxides. The
driving force of the NTE of these compounds is char-



acterized by an intermetallic charge transfer, which
differs from the typical case involving a phonon-driven
mechanism [2]. The mother compound of BiNiOs
undergoes a first-order structural phase transition at
high pressure. A large volume expansion occurs upon
cooling across the phase boundary. The smaller vol-
ume phase of the valence state of Bi**Ni**tOj is
transformed into the larger volume phase of Bij%
Bij tNi?* O3 by an intermetallic charge transfer be-
tween Bi and Ni, which is accompanied by Bi charge
disproportionation. A charge ordered state appears
in the larger volume phase due to structural ordering
of Bi3*T and Bi®t coupled with a change in the coor-
dination geometry of Bi surrounded by oxygens. The
crystal structure changes from an orthorhombic one
(space group: Pbnm) to a triclinic one (space group:
P1) due to the charge order accompanied by symme-
try breaking [2].

An anomaly was discovered during the investigation
into the substitution effects by Bi; _,Pb,NiO3. When
the Pb concentration = exceeds 0.2, the discontinuity
of the transition is drastically smeared. Consequently,
NTE appears with a gradual transition in the temper-
ature range of 50 K to around 500 K when =z = 0.25.
Surprisingly, crystal structure analysis indicates that
the orthorhombic crystal symmetry is maintained be-
fore and after the transition [3]. This result is contrary
to the typical case in which symmetry breaking occurs
when a certain structural order appears.

Because we speculated that the local structure is
key to the anomaly, we performed PDF analysis of
Big.75Pbg.25NiO3. The results show that the symme-
try breaking of the crystal structure and the charge
order microscopically occur across the transition upon
cooling. We examined two kinds of local structural
models: an orthorhombic structure (space group:
Pbnm) and a triclinic one (space group: P1). The lat-
ter model better reproduces the observed PDF than
the former, especially below r ~ 15 A(Fig.3), indi-
cating that symmetry breaking occurs locally. A re-
markable difference between the two models appears
in their G(r) profiles around r ~ 2 A, reflecting the
coordination geometry of Bi/Pb surrounded by oxy-
gens. The single peak structure of the observed G(r)
is well reproduced by the triclinic model, but it differs
from the double peak structure of the orthorhombic
one. Additionally, a hard x-ray photoemission spec-
troscopy measurement confirmed the charge dispro-
portionation of Bi [3].

It is concluded that a short-range charge order ac-
companied by symmetry breaking of the local struc-
ture appears via the transformation into the larger
volume phase of Bigp.75Pbg.25NiO3, whereas the long-
range order does not grow due to the obstruction of
the substituent Pb. The results of the crystal struc-
ture analysis reflect the absence of long-range order-
ing. The correlation of the short-range order is only
~ 15 A, which is approximately twice the length of
the c-axis of the unit cell. Each area of the short-
range charge order arranges randomly and forms the
macroscopic glassy charge distribution (Fig.4) [3].
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(red line), and difference (green line) PDF of
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the orthorhombic (lower panel) structural models.

B+ Bi*

Pb* Bi*

P

v
e
(OO

0%

Volume
expansion
upon cooling

Local charge order

Figure 4: Tllustration of the Bi/Pb arrangement with
their valence states of the smaller volume phase (left
figure) and the larger volume phase (right figure) of
Big.75Pbg.25NiO3.
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Enhancement of the Morin transition temperature in an
a-Fe;O3 thin film by iridium doping -grazing incidence

""Fe Mossbauer spectroscopy

Takaya Mitsui

Magnetism Research Group, Synchrotron Radiation Research Center

a-Fe;O3 is a magnetic iron oxide that exhibits a
very high transition temperature to the antiferromag-
netic (AF) state of Ty = 677 °C. The spin-flop tran-
sition at Thy ~ -10 °C has been reported for bulk
a-FesO3 and is called the Morin transition, which is
where the magnetic easy axis parallel to the hexago-
nal c-axis (< Tps) turns into the c-plane (> Tyy) [1].
Weak ferromagnetism is observed above T); due to the
Dzyaloshinskii-Moriya interaction. An a-Fe;Os thin
film with magnetic moments perpendicular to the film
plane is a promising component in current spintronic
devices because it may increase the Néel temperature
of the adjacent CrsOg3 film [2], which is a candidate
material in electric-controlled perpendicular spin de-
vices. Accordingly, a high demand for increasing T,
much higher than room temperature exists.

The Morin transition results from the subtle compe-
tition between the dipole-dipole interactions and the
single-ion-type anisotropy. Numerous studies have in-
vestigated the Morin transition in a-FesO3 of various
forms, such as polycrystals, single crystals, nanopar-
ticles, and thin films; it is shown that Tx, Ths, and
ATy (transition width) are influenced by particle size
and crystalline quality. T is also easily controlled
by a small amount of impurities in the matrix. A
Ti substitution on the order of 0.1% significantly re-
duces Ty, while 1% doping of Ir markedly increases
T above room temperature [3]. Actually, it has been
recently reported that the magnetic moments in a
“thick” Ir-doped a-Fe;Oj3 film (150-nm thick) grown
on an Al;O3 (0001) substrate are perpendicular to the
(0001) film plane at room temperature [4]. For prac-
tical applications, however, a-Fe;Og thin films with
thicknesses of several nm to several tens of nm are
required. Comnsequently, Th; of those ultrathin films
must be experimentally confirmed.

Synchrotron-radiation-based =~ Mdssbauer — spec-
troscopy using a °"Fe nuclear Bragg monochromator
is one of the most suitable techniques for evaluating
the magnetic properties of ultrathin films at high
temperatures. Linearly polarized ®>"Fe Mossbauer
radiation with about a 10 neV bandwidth is gener-
ated utilizing a pure nuclear Bragg diffraction. A
highly collimated synchrotron radiation beam makes
it possible to perform grazingincidence synchrotron-
radiation Maéssbauer spectroscopy (GISRMS) for
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iron-based thin films [5]. Since this is a photon-in
photon-out spectroscopy, experiments in various
sample environments such as at high temperatures
can be carried out. The acquisition time is signifi-
cantly short in GISRMS compared to conventional
Mossbauer spectroscopy with a radioactive source.
Here the impact of Ir-doping on Th; in an a-FesOg
ultrathin film is demonstrated by means of GISRMS
at high temperatures up to 400 °C [6].

A (0001) c-plane-oriented epitaxial Ir-doped a-
Fe;O3 thin film (20 nm thick) was fabricated on a c-
plane Al;Og3 substrate by radio-frequency magnetron
sputtering [4]. Oxygen reactive sputtering was used to
deposit oxide films by sputtering an Ir-Fe alloy target
in an Ar and Oy mixed gas atmosphere. The atomic
composition of the target was Fe:Ir = 99.9:0.1. The
substrate temperature was kept at 500 °C during de-
position. The substrate dimensions were 19 X 18 X

0.4 mm3.

A  GISRMS experiment was carried out at
BL11XU of SPring-8. The experimental setup is
schematically illustrated in Fig.1. Incident x-rays
from a planar undulator were first monochroma-
tized by the pre-monochromator down to about 2
eV, and were monochromatized again by a high-
resolutionmonochromator down to 2.5 meV. A x-
polarized °"Fe Mossbauer radiation at 14.4 keV (the
nuclear resonance energy of ®"Fe) with an extremely
narrow bandwidth of 15.4 neV was finally generated
utilizing a pure nuclear Bragg reflection of a 5"FeBO3
(111) monochromator with a grazing angle geome-
try [5]. The Ir-doped a-FeyOj3 thin film was placed
on acopper stage in a vacuum furnace, and the m-
polarized beam was incident on the film surface at an
angle 8 = 0.14, well below the critical angle of the
electronic total reflection (0.19). The estimated x-ray
penetration depth was 3.5 nm.

In this condition, the total reflection is governed
by scattering from electrons. Hence, the grazing-
incidence Mossbauer spectrum indicates a familiar
“absorption” profile. To evaluate Th; and Ty in the
Ir-doped a-Fe;Ogz thin film, the Mdossbauer spectra
were measured in the temperature range from 27 °C
to 400 °C. The vacuum level was kept at 13 Pa during
the measurements. The acquisition time was typically
5 h to obtain a spectrum with sufficient statistics.
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Figure 1: FExperimental setup for 57Fe-GISRMS.
SR: synchrotron radiation, PM:Si (111) premonochro-
mator, HRM: high-energy-resolutionmonochromator
that consists of nested two channel-cut crystals of
Si 511 andSi 975 reflections, NBM: °"FeBO3 nuclear
Bragg monochromator near the Néel temperature,
H.,: external magnetic field of 150 Oe for NBM, VF:
vacuum furnace, S1: slit 1.0 mm x full open, S2: slit
1.0 x 10 mm?, D:Nal(Tl) detector. h;(i = o, ) is the
magnetic unit vector of x-rays. NBM converts the
o-polarized SR x-rays into the m-polarized ®"Fe SR
Mossbauer x-rays.

Figure 2 shows the Mossbauer spectra of the Ir-
doped a-FesO3 thin film measured at several temper-
atures. All spectra are fitted using a magnetic sex-
tet. At a first glance, the most striking feature is
that the spectra at 27 and 100 °C show only the four
lines (Fig.2). There is a strict selection rule in ®7Fe-
Mossbauer spectroscopy. A magnetic sextet is classi-
fied into a quartet (Am = %1 transition) and a dou-
blet (Am = 0 transition), where Am is the difference
of the magnetic quantum number of Fe nuclear spin
through the transition. The Am = 41 transitions are
allowed when the Fe magnetic moment (the effective
field) at the Fe nuclear is perpendicular to the mag-
netic field of x-rays, whereas the Am = 0 transitions
are observed when the Fe magnetic moment is paral-
lel to the magnetic field of x-rays. Hence, these two
spectra provide direct evidence that the Fe magnetic
moments are perpendicular to the film plane because
the magnetic field of the m-polarized x-rays is parallel
to the film plane, as shown in Fig.1. In contrast, the
spectra above 150 °C show a clear magnetic sextet
pattern. The results indicate that the Fe magnetic
moments lie in the film plane above 150 °C. There-
fore, 0.1% Ir-doping considerably increasesTj; from
-10 °C to between 100 and 150 °C.

The parameters extracted from the fitting of °"Fe
Mossbauer spectrum are the hyperfine field (By,y), the
quadrupole shift (Q.S), and the center shift (C'S). B,y
is a measure of the magnitude of the Fe magnetic mo-
ment and is approximately proportional to the width
of a sextet pattern. As seen in Fig.2, the width of the
spectra, and thus Bj,y gradually decreases upon heat-
ing. The temperature dependence of By, s (not shown)
is similar to that of bulk a-FepO3, and By at 400 °C
is large enough (43.4 T). Hence, the magnetic order
is not vulnerable up to 400 °C even in the ultrathin
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Figure 2: Temperature dependence of the grazing in-
cidence °"Fe synchrotron Mossbauer spectra of the
Ir-doped a-Fe?O3 thin film. Below 100 °C, the spec-
tra show only lines, indicating that the magnetic mo-
ments are perpendicular to the film plane, whereas the
spectra show normal magnetic sextet patterns above
150 °C, indicating that the magnetic moments lie in
the film plane.

film state. This is also supported by the fact that all
the spectra in Fig. 2 show wellresolved magnetically
split patterns with narrow line widths.

In summary, a GISRMS study of the Morin tran-
sition in the (0001)-oriented 0.1% Ir-doped a-FesOg
ultrathin film deposited on the AloO3 (0001) substrate
was conducted at high temperatures. An Ir-doped a-
FeyOg ultrathin film has high Ty, (> 100 C) and high
Tx (>400 °C). This is a quite positive result for prac-
tical applications of a-FesOg thin films. Additionally,
GISRMS is highly sensitive and easily collects valu-
able magnetic properties of antiferromagnets. GIS-
RMS is, therefore, a very powerful technique to in-
vestigate ultrathin magnetic films in various sample
environments
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Resonant inelastic x-ray scattering study of spin-orbital
excitations in superconducting PrFeAsQO;
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Recently, resonant inelastic x-ray scattering (RIXS)
has emerged as a powerful technique to observe var-
ious elementary excitations in solids. Particularly,
RIXS at the transition-metal absorption edges is use-
ful to study the electron dynamics of strongly corre-
lated d electrons in transition-metal compounds. In
L-edge RIXS, which we adopt in the present study,
the 2p electrons are promoted to the transition-metal
d bands. Since the 2p states split into 7 = 1/2 dou-
blets and j = 3/2 quartets due to the strong spin-orbit
coupling, the promoted electrons are polarized in spin
in general. Therefore, magnetic excitations can be
induced within the transition-metal d bands. When
both the incoming and outgoing x-rays are linearly
polarized, as observed in typical RIXS experiments,
the orbital angular momentum of the d-electron sys-
tem can also change in the final state since the to-
tal angular momentum of the spin and the orbital is
conserved. Thus, L-edge RIXS can detect electronic
excitations such as single-spin-flip excitations and off-
diagonal orbital excitations. [We refer to excitations
where the orbital states of the excited electron and
hole are the same (different) in the final state as di-
agonal (off-diagonal) orbital excitations.]

L-edge RIXS has indeed been widely applied to a
number of copper oxides, particularly to the high-T,
superconducting copper oxides, resulting in success-
ful observations of magnetic and orbital excitations.
On the other hand, fewer L-edge RIXS studies have
been performed for iron pnictides or chalcogenides, to
our knowledge. In iron-based superconductors, first-
principles electronic structure calculations strongly
indicate that each Fe-d orbital occupies a significant
part of the density of states (DOS) near the Fermi en-
ergy (Er). Tt is, therefore, expected that the nature
of the low-energy electronic excitations differs signifi-
cantly, in principle, from that of the high-T,. cuprate
superconductors, in which only the Cu-d;2_,2 orbital
is dominant near Er. In particular, it has been sug-
gested that orbital fluctuations involving the Fe-d,.
and -d,, orbitals play a key role in inducing the pair-
ing in iron pnictides. This calls for a study of the
low-energy orbital excitations in these materials us-
ing L-edge RIXS. In this report, we explain an L-edge
RIXS study for a typical iron-based superconductor
PrFeAsOq 7 [1].

The RIXS spectra were collected at the beamline
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Figure 1: Fe-L3 XAS spectrum measured in the total
fluorescence yield mode (left panel) and RIXS spectra
measured for a few incident energies across the edge
(center panel) on PrFeAsOq ;. The vertical offset of
the RIXS spectra matches their respective incident
energies along the XAS spectrum energy axis. The
vertical dashed lines indicate the energy loss of the
Raman-type features. X-ray momentum transfer is
Q =~ (0,0,1.47). Close-up of the low-energy portion
of the RIXS spectra of PrFeAsOq 7 without a vertical
offset (right panel).

BL0O7SU and the x-ray emission spectrometer HOR-
NET at SPring-8, Japan. The total energy resolu-
tion for the RIXS measurements is ~ 230 meV at
the Fe-L3 edge, which corresponds to a resolving
power E/AE = 3000. The x-ray absorption spec-
troscopy (XAS) spectra were measured in the total-
fluorescence-yield (TFY) mode. The sample belongs
to the so-called 1111 family, which crystallizes in
the ZrCuSiAs-type structure in the tetragonal space
group P4/nmm. In this sample, the optimal electron
doping of 0.6 yields a T, of 42 K. RIXS spectra mea-
sured on PrFeAsQq 7 at a few incident x-ray energies
Eine across the Ls edge are shown in Fig. 1. The ver-
tical offset of the RIXS spectra is scaled to the energy
axis of the XAS spectrum. The RIXS spectra display
a salient feature around the 1.5 eV energy loss at Ei,.c
= 708 eV, which tracks the incident energy up to ~
6.5 eV at Ej,. = 713 eV. This behavior is typical of
fluorescence, and is observed not only in iron pnic-
tides, but also in Fe metal and other iron compounds.
We assign this peak to the Loy emission line, which
corresponds to the 3ds/o — 2ps/o fluorescent decay.
As the fluorescence disperses to higher-energy losses,
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Figure 2: (a) Assigning the observed RIXS features
to the calculated ones. Left and right panels show
the results at in-plane momentum transfers Q xy
(0,0) and (0.3, 0.17), respectively. Thick horizontal
bar and the dotted slope represent the baseline and
the subtracted linear background of the experimental
data, respectively. Insets show the subtracted linear
background and the experimental curve before sub-
traction. < is the broadening factor. (b) Calculated
dependence on the out-of-plane momentum transfer
Qz. Baselines for Qz = 7/4 and 7/2 are vertically
shifted for clarity. (c¢) Calculated dependence on the
outgoing x-ray polarization. In every panel, the inci-
dent x-ray is m polarized (¢ = 0), and the incident
x-ray energy is set to w = 710.5 eV. In (a) and (b),
curves of the spectra averaged for ¢/ = 0 and 7/2 (#'-
and o’- polarizations) are drawn.

weak features appear in its low-energy loss tail and
remain at a fixed energy loss upon increasing in the
incident energy, around 0.5, 1-1.5, and 2-3 eV. We
note that while the RIXS features are very weak, such
a clear observation of Fe L-edge RIXS excitations in
a 1111 Fe-based superconductor has not been previ-
ously reported in the literature to our knowledge. A
close-up of the low-energy portion of the RIXS spec-
tra without a vertical offset is shown in the right panel
of Fig. 1. The presence of well-defined Raman-type
features in the PrFeAsQg 7 data is confirmed.

To interpret these features, we carried out theo-
retical calculations using the previously constructed
framework on the basis of a state-of-the-art first-
principles electronic structure calculation [2]. Figure
2 compares the theoretical RIXS spectra to the exper-
imental ones. The experimental features denoted as
B, C, D are well captured by the calculation. Here we
assume a moderate strength of the electron-electron
Coulomb interaction, U = 3 eV. This value agrees
well with other theoretical studies. Based on the
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Figure 3: Calculated dependence of the low-energy
RIXS spectra on x-ray momentum transfer @ along
the [100] direction. Incident x-ray is 7 polarized. Fea-
tures a and b are actively excited when the polariza-
tion directions of the incoming and outgoing x-rays
are perpendicular to each other (7 — ¢’). These fea-
tures are attributed to magnetic excitations with spin

flipping.

agreement with theory, we can assign the features to
electron orbital excitations among Fe-d orbitals at a
microscopic level. Furthermore, our calculation sug-
gests that single-magnon excitations and spin-flipped
orbital excitations should appear at low excitation en-
ergies below 0.5 eV, which are dispersive with respect
to the x-ray momentum transfer (Fig. 3). These ex-
citations are not observed in the present experiment
likely due to the limited energy resolution and exci-
tation damping. Remarkable splitting and merging of
the lower-energy RIXS peaks in the momentum space
are predicted, which have yet to be experimentally
observed. We believe that further advances in instru-
mentations will enable us to observe these character-
istic spectral behaviors at low energies and obtain a
crucial clue to elucidate the pairing mechanism in the
iron-pnictide high-T, superconductivity.
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3 11-May-2016 Dr. Kotaro Kondo High-Intensity Laser Science Group,

KPSI, QST, Japan

PV ANRT — o L—F =277 7 X2 YR - IEE B

4 16-May-2016

Prof. David Neely

Rutherford Appleton Laboratory/
University of Strathclyde, UK

Studies of fast electr:

ons emitted in intense laser-solid interaction experiments

5 30-May-2016

Prof. E.N. Ragozin

P.N. Lebedev Physical Institute, Russia

Broadband high-resolution imaging spectrometers for

the soft X-ray range

6 2-June-2016

Dr. Kohei Otomo,
Dr. Ryosuke Kawakami,
Prof. Tomomi Nemoto

(RAHEE. R A
WAMD)

Research Institute for Electronic
Science, Hokkaido University, Japan

Improvements of two-photon excitation microscopy by utilizing novel techniques

7 21-June-2016

Prof. Junji Watanabe
(UML)

Department of Physics, Osaka
University, Japan

Quantum and classical behaviors of fluctuations in light scattering

8 30-June-2016

Dr. Julien Fuchs

LULI, Ecole Polytechnique, France.

Intense laser pulses and strong magnetization as tools for investigating astrophysical phenomena

9 30-June-2016

Dr. Sophia Chen

LULI, Ecole Polytechnique, France.

What would you do with 1022 W/cmA2 laser intensities?
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10 7-July-2016 Prof. Masaaki Sakakura Graduate School of Engineering, Kyoto
(RAEPH) University, Japan
Stress dynamics of ultra-short pulsed laser processing inside transparent materials
11 3-August-2016 Prof. Pisin Chen Kavli Institute,
Stanford University, USA/
National Taiwan University, Taiwan
Accelerating Plasma Mirrors to Investigate Black Hole Information Loss Paradox
12 25-August-2016 Prof. Kazuo A. Tanaka Osaka University, Japan/
(HF1) ELI-NP, Bucharest, Romania
Osaka Univ. to ELI-NP
( Osaka University to Extreme Light Infrastructure - Nuclear Physics)
13 30-August-2016 Dr. Yoriko Wada Ultrafast Dynamics Group, QST, KPSI,
(FMIH#ET) Japan
Spectroscopic studies on the molecular complex with polyyne and iodine molecules
14 27-October-2017 Dr. Masahiro Okamura Brookhaven National Laboratory, USA
(FF B 2)
Laser ion source at Brookhaven National Laboratory
15 2-Nobember-2016 Dr. Di Luo Molecular Modelling and Simulation
Group, KPSI, QST, Japan
Molecular Dynamics Simulations, as a Tool to Understand Human Telomeric DNA G-
quadruplexes
16 30-Nobember- Dr. A. Amani Eilanlou Center for Advanced Photonics,
2016 RIKEN, Japan
Development of a thin disk ring oscillator for intra-cavity high-order harmonic generation
17 6-December-2016 Prof. Masahiro Katoh Institute for Molecular Science, Japan
Chn i)
Twisted Photons radiated from Free Electons
18 12-December- Dr. Nanase Kono Ultrafast Dynamics Group, QST, Japan
2016 (7 i)
Mechanism of relativistic Doppler reflection of THz light from photo-induced carriers
19 19-Decebmer- Prof. Kiyotomo Kawagoe Graduate School of Science, Kyushu
2016 ONkiE L) University, Japan
International Linear Collider DB - JHI%E &5 & Gl o Bk
20 19-Decebmer- Prof. Tohru Takahashi Graduate School of Advanced Sciences of
2016 (EEH0 Matter, Hiroshima Univ. Japan
International Linear Collider JI#E 25
21 24-March-2017 Prof. Kazumichi Namikawa Tokyo Gakugei University, Japan

(] — &)

Evolution of Mezzoscopic Domains in Ferroelectric BaTiO; and Relaxer Ferroelectrics PMN-PT
Observed by Soft X-ray Lasers
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QST #HBEEX & F —
BEVEYERIAIZE T (RREHLIX) CTIXEINDE L LT E %2 B & L AR R IGim D

BN S F—2BEL Tw 5,

1 15-June-2016 Prof. Shigemi Sasaki Hiroshima University, Japan
(ffe % Ri%3E)
FREGT v 2 2 L — & — D EZOGH3E SO0 0 il £ J# ) &
2 25-October-2016 Prof. Toru Sakai University of Hyogo, Japan
(P FH:AH)

gﬂu:\

2016 4E / — OVYPL2EE O = KD MBI O W T DR
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S-Cube (A——H A LV Rk I F—)

BEPEE R AR FE T Tl rh 22 B 42 % rhul I — MR D ISR D W T DR Z R D T
2 ZEREMNIC, B-ROMAEIC L 2558 "S-Cube (ZAF 2 —7 1 A——H A L
YAXIF—); ZEH#ELTVS,

SAEEIRAEE 8 A (55 177 M~ 185 1)) BHf L. WHZE 2 L SRS g L widis &
DREWZIT) T LD TER, £z, BEICERL TIIENZ KPSIWeb ¥ A FETIT>TE X
ZEICED S (TR 60, TEEBREGD AL I F—2 T LI A RMEO T I
bRV,

Web %A b ! http://www .kansai.qst.go.jp/s-cube-0.html?btnG=S-Cube

178 [ 03-June-2016 TR U 84 NB
M DNA I 2 L — 7

T L EEBROBIERL

179 | 10-June-2016 AT A BN 80 AZ: I
A EE 2 L — 7

T—< I NDORE EETOBIZRL

180 | 08-July-2016 eed o IDE fE 18 A&
MR ORHEEAE)

T— EMEEROEEZ RO DD

181 | 23-August-2016 | Gfili - i 1 7 23 NS
TR R DNA B3RS 7'V — 7

l

T2 O EETIIROMEL  ~EWIENIE AT

182 | 10-November-2016 | Z#%fifi : BEN  HEHH 39 A&
H E e 2L — 7

TR IELLOBDN ~ TR, CHML X9

183 | 02-February-2017 | Z&pfi : FEN HEAH 83 AZ
H E e 2L — 7

TR IELLOBDN ~ THEE, CHML X9

184 | 23-Frbruary-2017 | Gffili : 43I % 20 NS
XML —F—WE I N —7

T L—¥—Tav 7Y —o@EMEOREZER -  ETiT)

185 | 24-February-2017 | #fili : S .5 42 A&
XL = —E 7N —7

T—= M L
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W NBE - g - 77 Y —F 158
BAVEYERIEDFZEAT Cld, WFZERTABE (GEM 2 0] © FREEMIIX 1 0] (F4E 4 H 2 5), Kt
X 1 [ (4 10 H Z %) LR D b5 ) Gk, HBEO R D » T o HHTEEE.
BEABFEA RV P EADHEZ BB ICED T» 5,
CITEFELRLOZEEET S (TE > INBEMS 5 L A, S-cube (R—8—H A TV R
I —) IOV TIERET )

1 1-May-2016 SPring-8 (JLHULFRIERIE | Tfd : BV AL ERIER
N BT Gk v 5 —
5 24 I8 SPring-8/ SACLA fia% A5 4540 SPring-8/SACLA 1&4 P F b2 L\
2 1-3-June-2016 ENZ RS LN ik | T A — by T4 ZF R

It =T A4 ) R— R E RS
aviey¥— (KICK) (3

HOF RS HEMT)
H#fAw—F> 74 ¥ 2K2016 HE
3 [ 2-3-Junc-2016 ANA 7 79y 759 R T | Tl 1 A4 HNIEE ARG EE
VR () LIS

%5 5 [l JACI/GSC & v R¥ 7 L 2
4 23-24-June-2016 BB (e B A % F A ¢ AR RLAA

i)
PR 28 SRR O 0 TRIORAER ) HIR
5 3-6-July-2016 SPring-8 (JL/ULFRIERLY: | Eifilt © LIRS RAR AP E P
NN SERPERE - A PLAAREZERE,. BV

FBERARA G TR
RURS T BN TO A, 1L
RERFBEHABIEDIERL KPR
K- ekt v v — - &H
EWERT - P TE e v & —.
(B mEREDER A2 v ¥
—. HYLAOFTERT B ER AR
Bty & — HAET IR
DHFEREHE YR v &

—. BT REERAN TP R

BRI i v 8 —
%5 16 0] SPring-8 H DA Bifi
6 12-13-July-2016 Blerbeiifl CREETIN | F 4« 2MERE AN H AR A
HX) i il
BYEDT- O DOFREOEI R
7 30-31-July-2016 SPring-8 (JeHIERRERLY | F4 0 BT — 2 RARREM
IR e TS e, F AR T

E— AR vy —, B
BHAWEZE AT e R A & v &

L - OG- BITEDIZEE I X 3 RTAEYAAEIRS Bk
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8 4-6-August-2016 ATy 7 AKKR (KRB | BERA 55 - AR KIERS
i) R
HikA fEE - Hibprge KIEE 2016 HE
9 2-September-2016 MR - PEIE D FHUGPESE | Mg 0 SeHIR SRR e -
vy — (ST FoHEERERE . e HIRMZET, e
i) L £ o U RS A I i g
TR UL KA 5 3 (BB Y SE A T S BRI o o U 7 K 2 v B P S b B AT 22 e
TG eim T TE & v & —F e Bl ~ iy - HERSSE D 72 8 D WG~
10 | 7-9-September-2016 | FiRk X v & [EERERY; FiE  BTE— o R M
(T-%E7f) ZE e (FRES)
JASIS2016 (28 4 1) (S#7IE 2016 (55 54 [0]) /RlEkkssE 2016 (55 39 [A]) HIE
11 13-October-2016 R SR h AR (s T - BT — A RRERE R I
H 7= 5 Dif) TeAmE (FBE)
e B A R A T B2 2R
12 | 13-October-2016 WA 77 RE | B 0 380 B Sk 2
JRFAG HEMT ) THFZE AR T HEEERE S
B EITWIZALRES A Xy 2 HE
13 | 19-Octorber-2016 FCJH IR 7 > o i v EEE PE EA - VIR X P AR BE S
gt (SR> D SPRNT &
i)
PR EE M X h i PR R B I JE 2 AR
14 | 23-Octorber-2016 BEPCRIARFEAT OREE | 4 - BIvECRIAFZEPr
DX, SCEBIAHEE) 1 T7)
BIVE G R AR ZE AT B (R X)
15 10-12-November- FWIzAR 7 7Y GRLED FE WA REREE 7 =7
2016 JRFAG HEMT ) FITRES
IR A R EAGEE 7 = 7 2016 HE
16 19-20-Nobember- A AA VA WN - BN T RAREREE 7 =7

2016

B i)

2016 EITRHZ, ARMEEAR
P SCAA T RIS E 0 i HEEE B A

T Z AR 7 = 7 2016 T~3kT, FLT, BE&U—<T- -

i

RO T 2 s aY—)
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